
This article was downloaded by: [Renmin University of China]
On: 13 October 2013, At: 10:35
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gcoo20

1-D and 2-D coordination polymers
of cerium(III) with pyridine-2,4,6-
tricarboxylic acid: synthesis and
structural, spectroscopic, and thermal
properties
Shahzad Sharif a b , Onur Sahin c , Islam Ullah Khan a & Orhan
Büyükgüngör c
a Materials Chemistry Laboratory, Department of Chemistry , GC
University , Lahore 54000 , Pakistan
b Chemical Crystallography, Chemistry Research Laboratory , 12
Mansfield Road, OX1 3TA Oxford , UK
c Department of Physics, Faculty of Arts and Sciences , Ondokuz
Mayıs University , Samsun , Turkey
Published online: 09 May 2012.

To cite this article: Shahzad Sharif , Onur Sahin , Islam Ullah Khan & Orhan Büyükgüngör (2012)
1-D and 2-D coordination polymers of cerium(III) with pyridine-2,4,6-tricarboxylic acid: synthesis
and structural, spectroscopic, and thermal properties, Journal of Coordination Chemistry, 65:11,
1892-1904, DOI: 10.1080/00958972.2012.685165

To link to this article:  http://dx.doi.org/10.1080/00958972.2012.685165

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,
and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever or
howsoever caused arising directly or indirectly in connection with, in relation to or arising
out of the use of the Content.

http://www.tandfonline.com/loi/gcoo20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00958972.2012.685165
http://dx.doi.org/10.1080/00958972.2012.685165


This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &
Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions

D
ow

nl
oa

de
d 

by
 [

R
en

m
in

 U
ni

ve
rs

ity
 o

f 
C

hi
na

] 
at

 1
0:

35
 1

3 
O

ct
ob

er
 2

01
3 

http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Journal of Coordination Chemistry
Vol. 65, No. 11, 10 June 2012, 1892–1904

1-D and 2-D coordination polymers of cerium(III) with

pyridine-2,4,6-tricarboxylic acid: synthesis and structural,

spectroscopic, and thermal properties

SHAHZAD SHARIF*yz, ONUR SAHINx, ISLAM ULLAH KHAN*y and
ORHAN BÜYÜKGÜNGÖRx
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Two new Ce(III) complexes of pyridine-2,4,6-tricarboxylate (ptc), [Ce2(H2O)2(C8H3NO6)4
(C2O4)Na2(H2O)5]n(H2O)4 (1) and [Ce(H2O)3(C8H2NO6)]n(H2O) (2), were crystallized in the
triclinic space group P-1 and the monoclinic space group P21/c, respectively. These polymers
were also characterized by elemental analysis, FTIR spectroscopy, and thermogravimetric
analysis. The latter shows high thermal stability for 1. Each Ce(III) is ten-coordinate with two
nitrogen atoms from two pyridine rings, five oxygen atoms from five carboxylic groups, two
oxygen atoms from oxalate and one oxygen from water. Oxygen at the 2,6-position of ptc is a
bridge to construct a 1-D polymer for 1. Each Ce(III) is nine-coordinate with five oxygen atoms
and one nitrogen from ptc and three water molecules, giving a tricapped trigonal prism for 2.
Each ptc bridges three Ce(III) ions with the formation of 2-D polymeric chains, and each
carboxylic acid group at the 2,6-position of ptc is only bound to one Ce(III). The other
carboxylate at the 6-position is bound to another Ce(III), and the carboxylates at the
four-position adopt a chelating mode. Molecules are linked principally by OH� � �O hydrogen
bonds involving water and carboxylate, forming R2

1 (6), R3
3 (14), and R4

4 (27) rings, which link
to give a 3-D network.

Keywords: Pyridine-2,4,6-tricarboxylic acid; Cerium(III); 2-D lanthanide polymers; Hydrogen
bonds

1. Introduction

In supramolecular and materials chemistry, construction of inorganic–organic hybrid
coordination polymers is of intense research activity owing to their fascinating
structures and potential application as luminescent sensors, gas/chemical storage and
separation, catalysts, and magnetic materials [1–11]. Multidentate ligands containing
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N-/O-donors are considered good candidates for building such complexes [12, 13].
Pyridine-2,4,6-tricarboxylate (ptc), having multidentate coordination modes, can link
3d, 4f, and 3d-4f metal ions to give supramolecular complexes. Much research has
focused on 3d metal supramolecular architectures [14–22], while studies on lanthanide
complexes are limited [23–27], and coordination polymers with cerium and H3ptc have
not been investigated. Herein, we report an easy synthesis of new 1- and 2-D cerium-
based coordination polymers with diverse H3ptc coordination, comprising 10 and
9 coordination numbers for 1 and 2, respectively (figure 1). These polymers were
characterized using single-crystal diffraction, elemental analysis, FTIR spectroscopy,
and thermogravimetric analysis.

2. Experimental

2.1. Materials and measurements

All reagents and solvents were commercially available and used as-received. The IR
spectrum of the complex was recorded on a Perkin–Elmer FTIR 180 spectrophotometer
using KBr pellets from 4000 to 400 cm�1. Elemental analysis for C, H, and N were
performed on a Vario Micro Cube, Elementar, Germany. The crystal determination was
performed on a Bruker KAPPA APEX II CCD diffractometer equipped with graphite-
monochromated Mo-Ka radiation (�¼ 0.71073 Å). Thermal analysis (25–1200�C) was
recorded in a continuous nitrogen flow with a ramp rate of 10�C per minute using a
Differential Scanning Calorimeter/Thermo-gravimeter Analyzer model SDT Q600,
V8.3, TA Instruments, USA.

2.2. Synthesis

2.2.1. Synthesis of 1, C34H34Ce2N4Na2O39. Pyridine-2,4,6-tricarboxylic acid was
synthesized by the oxidization of pyridine-2,4,6-trimethyl with potassium permanga-
nate following a literature method [28]. A mixture of H3ptc (110mg, 0.5mmol) and
Ce(NO3)3 � 6H2O (110mg, 0.25mmol) in 15mL H2O followed by (45mg, 0.3mmol)
sodium oxalate was heated in an autoclave at 160�C under autogenous pressure for 3 h.
The resultant yellowish mixture was filtered and the filtrate was left for slow
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Figure 1. Coordination mode of H3ptc for 1 and 2.
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evaporation to yield light yellow needles suitable for the analysis on a single-crystal
diffractometer.

2.2.2. Synthesis of 2, C8H10CeNO10. A mixture of H3ptc (110mg, 0.5mmol) and
Ce(NO3)3 � 6H2O (110mg, 0.25mmol) in 15mL H2O followed by 200 mL of
trifluoroacetic acid was heated in an autoclave at 160�C under autogenous pressure
for 3 h. The resultant yellowish mixture was filtered and the filtrate was evaporated
slowly to yield yellow plates suitable for the analysis by single-crystal diffraction.

2.3. X-ray diffraction analysis

Suitable crystals of 1 and 2 were selected for data collection which was performed on a
Bruker KAPA APEX II CCD diffractometer equipped with graphite-monochromated
Mo-Ka radiation at 296K. The structures were solved by direct methods using
SHELXS-97 and refined by full-matrix least-squares methods on F2 using SHELXL-97
[29] from within the WINGX [30] suite of software. All non-hydrogen atoms were
refined with anisotropic parameters. Water hydrogen atoms were located in a difference
map and refined subject to a DFIX restraint of O–H¼ 0.83(2) Å. All other hydrogen
atoms were located from difference maps and then treated as riding with C–H distances
of 0.93 Å and O–H distances of 0.82 Å. Molecular diagrams were created using
MERCURY 1.4.1 [31]. Supramolecular analyses were made and the diagrams were
prepared with the aid of PLATON [32]. Details of data collection and crystal structure
determinations are given in table 1. The hydrogen bonds are characterized in table 2.

Table 1. Crystal and refinement data.

1 2

Empirical formula C34H34Ce2N4Na2O39 8H10CeNO10

Formula weight 1448.87 420.29
Temperature (K) 296 296
Radiation, Wavelength (Å) Mo-K�; 0.71073 Mo-K�; 0.71073
Crystal system Triclinic Monoclinic
Space group P-1 P21/c
Unit cell dimensions (Å, �)
a 11.5675(4) 12.1373(5)
b 11.7844(3) 7.4129(3)
c 19.4348(6) 13.6653(5)
� 97.7690(10) 90.00
� 103.8510(9) 96.508(2)
� 99.4940(10) 90.00
Volume (Å3), Z 2494.45(13), 2 1221.58(8), 4
Calculated density (g cm�3) 1.929 2.285
Crystal size (mm3) 0.17� 0.15� 0.12 0.15� 0.12� 0.10
� range for data collection (�) 2.3–28.2 3.0–28.3
Color Orange Yellow
Crystal shape Block Block
Reflections collected 37,149 10,562
Independent reflections 9230 [R(int)¼ 0.033] 2529 [R(int)¼ 0.033]
Parameters refined 796 213
Goodness-of-fit on F2 1.10 1.05
Final R indices [I4 2�(I)] R1 ¼ 0.030, wR2¼ 0.073 R1¼ 0.019, wR2¼ 0.046
R indices (all data) R1 ¼ 0.045, wR2¼ 0.084 R1¼ 0.022, wR2¼ 0.047
Largest difference peak and hole (e Å�3) �0.63 and 1.86 �0.67 and 0.56

1894 S. Sharif et al.
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3. Results and discussion

3.1. FTIR and elemental analysis

FTIR spectra of 1 and 2 show vibrations at 3650–3159 cm�1 and 3671–3221 cm�1,
assigned as characteristic peaks of OH for water. Sharp �(C¼O) bands at 1629 cm�1

and 1634 cm�1 correspond to the asymmetric stretch, and 1419–1378 cm�1 and 1415–
1383 cm�1 correspond to the symmetric stretch of carboxylates. The presence of

�(C¼O) at lower frequency relative to characteristic value of 1684–1721 cm�1 indicates
that the ligand is deprotonated. Anal. Calcd for C34H34Ce2N4Na2O39 (1448.47): N,

Table 2. Parameters of hydrogen bonds for 1 and 2.

D–H� � �A d(D–H) D(H� � �A) ffDHA d(D� � �A) Symmetry operations

1

O(3)–H(3)� � �O(28) 0.82 1.85 2.623 (4) 158 x� 1, y� 1, z
O(3)–H(3)� � �O(30) 0.82 2.51 3.181 (4) 140 x� 1, y� 1, z
O(10)–H(10A)� � �O(39) 0.82 1.75 2.569 (5) 173 x, y, z
O(15)–H(15)� � �O(38) 0.82 1.84 2.625 (4) 160 x, yþ 1, z
O(22)–H(22)� � �O(40) 0.82 1.76 2.575 (5) 175 x, y, z
O(25)–H(25A)� � �O(7) 0.81 (2) 1.97 (2) 2.748 (4) 162 (5) x, y, z
O(25)–H(25B)� � �O(33) 0.82 (2) 1.91 (2) 2.714 (5) 170 (5) x, y, z
O(26)–H(26A)� � �O(19) 0.82 (2) 1.96 (2) 2.746 (5) 159 (5) x, y, z
O(26)–H(26B)� � �O(37) 0.82 (2) 1.96 (2) 2.775 (5) 172 (5) �xþ 1, �yþ 1, �z
O(31)–H(31A)� � �O(36) 0.84 (2) 2.17 (3) 2.989 (7) 165 (8) �xþ 1, �yþ 1, �zþ 1
O(31)–H(31B)� � �O(24) 0.83 (2) 2.24 (4) 3.041 (6) 163 (8) �xþ 2, �yþ 1, �zþ 1
O(31)–H(31B)� � �O(28) 0.83 (2) 2.59 (9) 3.028 (6) 114 (8) �xþ 2, �yþ 1, � zþ 1
O(32)–H(32A)� � �O(36) 0.82 (2) 2.00 (3) 2.806 (7) 166 (7) xþ 1, y, z
O(32)–H(32B)� � �O(2) 0.83 (2) 2.17 (5) 2.760 (6) 129 (6) �xþ 2, �yþ 1, �zþ 1
O(33)–H(33A)� � �O(14) 0.84 (2) 1.95 (2) 2.763 (5) 165 (4) �xþ 2, �yþ 2, �zþ 1
O(33)–H(33B)� � �O(2) 0.82 (2) 2.12 (2) 2.932 (5) 169 (6) x, y, z
O(34)–H(34A)� � �O(29) 0.84 (2) 2.19 (4) 2.962 (5) 152 (6) x, y, z
O(34)–H(34B)� � �O(12) 0.84 (2) 2.28 (4) 2.987 (5) 142 (5) xþ 1, y, z
O(34)–H(34B)� � �O(35) 0.84 (2) 2.49 (5) 3.060 (6) 126 (6) xþ 1, y, z
O(35)–H(35A)� � �O(17) 0.82 (2) 1.97 (3) 2.718 (5) 152 (6) x� 1, y, z
O(35)–H(35B)� � �O(16) 0.84 (2) 2.00 (2) 2.812 (5) 164 (6) �xþ 1, �yþ 2, �z
O(36)–H(36A)� � �O(14) 0.84 (2) 2.07 (3) 2.870 (6) 159 (7) �xþ 2, �yþ 2, �zþ 1
O(36)–H(36B)� � �O(1) 0.84 (2) 1.95 (2) 2.773 (5) 167 (6) x, y, z
O(37)–H(37A)� � �O(5) 0.83 (2) 1.96 (3) 2.760 (5) 162 (7) x, y, z
O(37)–H(37B)� � �O(17) 0.82 (2) 2.24 (4) 2.937 (6) 143 (6) �xþ 1, �yþ 1, �z
O(39)–H(39A)� � �O(26) 0.81 (2) 2.14 (2) 2.934 (5) 167 (6) x, yþ 1, z
O(39)–H(39B)� � �O(6) 0.82 (2) 1.95 (2) 2.759 (5) 168 (6) �xþ 1, �yþ 2, �z
O(40)–H(40A)� � �O(25) 0.82 (2) 2.13 (3) 2.887 (5) 153 (6) x, y� 1, z
O(40)–H(40B)� � �O(13) 0.82 (2) 1.94 (2) 2.751 (5) 170 (6) �xþ 2, �yþ 1, �zþ 1
C(2)–H(2)� � �O(32) 0.93 2.56 3.441 (7) 158 �xþ 2, �yþ 1, �zþ 1
C(12)–H(12)� � �O(37) 0.93 2.57 3.499 (6) 177 x, yþ 1, z
C(28)–H(28)� � �O(33) 0.93 2.47 3.400 (6) 174 �xþ 2, �yþ 1, �zþ 1

2

O(7)–H(7B)� � �O(10) 0.82(2) 1.91(2) 2.729(4) 175(4) x, y, z
O(8)–H(8A)� � �O(6) 0.79(2) 2.13(2) 2.898(3) 162(3) x, �yþ 1/2, z� 1/2
O(8)–H(8B)� � �O(2) 0.82(2) 1.87(2) 2.654(3) 162(4) �x, yþ 1/2, �zþ 1/2
O(9)–H(9A)� � �O(5) 0.83(2) 1.97(2) 2.790(3) 175(4) x, y þ 1, z
O(9)–H(9B)� � �O(3) 0.80(2) 2.10(2) 2.822(3) 150(3) �xþ 1, yþ 1/2, �zþ 1/2
O(10)–H(10A)� � �O(1) 0.81(4) 2.31(4) 2.943(4) 135(5) x, �yþ 1/2, z� 1/2
O(10)–H(10B)� � �O(7) 0.82(5) 2.38(3) 3.120(4) 151(6) �x, �y, �z
O(7)–H(7A)� � �O(2) 0.82(2) 2.05(2) 2.830(3) 158(3) �x, yþ 1/2, �zþ 1/2

Cerium(III) with pyridine-2,4,6-tricarboxylic acid 1895
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3.86; C, 28.12; H, 2.35. Found (%): N, 3.60; C, 28.59; H, 2.67 and for C8H10CeNO10

(420.29): N, 3.33; C, 22.88; H, 2.40. Found (%): N, 3.22; C, 22.54; H, 2.22.

3.2. Crystal structure of 1

The asymmetric unit consists of two Ce(III) ions, four non-coordinated water

molecules, four ptc, two Naþ and seven coordinated water molecules (figure 2). Each

Ce(III) is ten-coordinate by two nitrogen atoms [N(1), N(2), N(3), and N(4)] from two

pyridine rings, five oxygen atoms [O(1), O(6), O(7), O(8), O(12), O(13), O(18), O(19),

O(20), and O(24)] from five carboxylates, two oxygen atoms [O(28), O(29), O(30), and

O(38)] from oxalate, and one water molecule [O(25) and O(26)]. The ptc coordinates to

Ce(III) O,N,O-tridentate. Ce(1) and Ce(2) form a centrosymmetric [Ce2(ptc)4] dimer

(figure 2). This connecting ring is formed by two ptc as bridging ligands. The

Ce(1)� � �Ce(2) distance in the [Ce2(ptc)4] dimer is 5.820 Å, somewhat longer than the

sum of the van der Waals radii. Each Ce(III) is surrounded by two neighboring Ce(III)

connected via oxalate anions at 6.559 Å. Within the polymeric layer, Ce(1) and Ce(2)

are alternately bridged by oxalate and ptc in the [100] direction (figure 3). Ce–O bond

distances are 2.482(3) Å and 2.715(3) Å and that of Ce–N between 2.632(3) Å and

2.740(3) Å (table 3). The Ce–N and Ce–O distances found in [Ce2(ptc)4] correlate well

with those in other structurally characterized Ce(III) complexes with ptc [14, 33]. The

pyridine ring mean planes are approximately planar, with maximum deviations of

Figure 2. The molecular structure of 1 showing the atom numbering scheme.

1896 S. Sharif et al.
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0.0057(31) Å for C(5), 0.0174(33) Å for C(11), 0.0108(33) Å for C(19), and 0.0136(28) Å
for N(4).

The Naþ cations are of two types. Na(1) coordinates by two equivalent water
molecules [O(31) and O(31)xiii; (xiii) 1� x, �y, 1� z], two other water molecules [O(36)
and O(40)], and two oxygen atoms from two carboxylates [O(3) and O(21)]. The
combination of Ce(1) and Na(1) and two ptc produce 15-membered chelate rings. In the

Table 3. Bond lengths (Å) and angles (�) for 1 and 2.

1

O(28)–Ce(2) 2.563(3) Na(2)–O(34)xiv 2.841(5) O(1)–Ce(1) 2.533(3)
O(29)–Ce(1) 2.530(3) O(6)–Ce(1) 2.482(3) N(4)–Ce(2) 2.734(3)
O(26)–Ce(1) 2.619(3) O(20)–Ce(1) 2.608(3) N(3)–Ce(2) 2.632(3)
O(30)–Ce(1) 2.550(3) O(8)–Ce(2) 2.619(3) N(2)–Ce(1) 2.740(3)
N(1)–Ce(1) 2.642(3) O(13)–Ce(2) 2.520(3) O(19)–Ce(2) 2.537(3)
Na(1)–O(31)xiii 3.016(6) O(18)–Ce(2) 2.487(3) O(38)–Ce(2) 2.565(3)
O(8)–Ce(2)–O(24) 141.30(11) O(28)–Ce(2)–O(24) 68.40(10) O(13)–Ce(2)–N(4) 120.00(10)
N(3)–Ce(2)–O(24) 124.64(10) O(18)–Ce(2)–N(4) 117.32(10) O(19)–Ce(2)–N(4) 59.52(10)
O(28)–Ce(2)–N(4) 114.97(10) O(38)–Ce(2)–N(4) 67.28(10) O(8)–Ce(2)–N(4) 115.26(10)
N(3)–Ce(2)–N(4) 175.96(11) O(24)–Ce(2)–N(4) 58.84(10) N(1)–Ce(1)–N(2) 174.20(11)
O(25)–Ce(2)–N(4) 64.69(10) N(1)–Ce(1)–N(2) 174.20(11) O(38)–Ce(2)–O(24) 73.11(10)

2

C(6)–O(3) 1.252(3) O(3)–Ce(1) 2.5217(19) C(6)–O(4) 1.253(3)
O(4)–Ce(1)ii 2.4129(19) C(7)–O(2) 1.234(3) O(5)–Ce(1)i 2.6040(19)
C(7)–O(1) 1.262(3) O(6)–Ce(1)i 2.606(2) C(8)–O(6) 1.251(3)
O(7)–Ce(1) 2.536(2) C(8)–O(5) 1.258(3) O(8)–Ce(1) 2.548(2)
N(1)–Ce(1) 2.589(2) O(9)–Ce(1) 2.554(2) O(1)–Ce(1) 2.474(2)
O(4)iii–Ce(1)–O(1) 152.13(7) O(1)–Ce(1)–O(9) 93.25(7) O(4)iii–Ce(1)–O(3) 75.61(6)
O(3)–Ce(1)–O(9) 71.44(7) O(1)–Ce(1)–O(3) 124.56(6) O(7)–Ce(1)–O(9) 144.39(8)
O(4)iii–Ce(1)–O(7) 101.68(8) O(8)–Ce(1)–O(9) 72.61(8) O(1)–Ce(1)–O(7) 74.00(8)
O(4)iii–Ce(1)–N(1) 131.56(7) O(3)–Ce(1)–O(7) 142.96(7) O(1)–Ce(1)–N(1) 62.33(7)
O(4)iii–Ce(1)–O(8) 76.80(7) O(3)–Ce(1)–N(1) 62.32(6) O(1)–Ce(1)–O(8) 75.71(8)
O(7)–Ce(1)–N(1) 126.23(8) O(3)–Ce(1)–O(8) 139.30(7) O(8)–Ce(1)–N(1) 121.08(8)
O(7)–Ce(1)–O(8) 72.05 (8) O(1)–Ce(1)–O(5)iv 126.89(7) O(4)iii–Ce(1)–O(9) 74.15(7)

Symmetry operations: 1: (xiii) 1�x, �y, 1� z; (xiv) 2�x, 1� y, �z. 2: (i) x, �y� 1/2, zþ 1/2; (ii) �xþ 1, y� 1/2, �zþ 1/2; (iii)

�xþ 1, yþ 1/2, �zþ 1/2; (iv) x, �y� 1/2, z� 1/2.

Figure 3. View of part of the crystal structure of 1 showing the formation of a coordination polymer chain
parallel to the [100] direction. [Symmetry codes: (ii) xþ 1, y, z; (vi) x� 1, y, z].
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second coordination, Na(2) is coordinated by two oxygen atoms from equivalent water
molecules [O(34) and O(34)xiii; (xiv) 2� x, 1� y, �z], two oxygen atoms from two
carboxylates [O(5) and O(18)] and water molecule [O(39)]. Two adjacent Naþ cations
are linked by two H2O bridges to form a four-membered ring with Na2O2 core. The
Na(1)� � �Na(1)xiii and Na(2)� � �Na(2)xiv separations are 5.046 Å and 4.701 Å. Adjacent
Na2O2 binuclear motifs are further joined by Ce(III) and ptc through carboxylates O(3),
O(18), and O(21), generating a 2-D layer architecture in the crystallographic ac plane,
with the Na(1)� � �Na(2), Na(1)� � �Na(1)xiii, and Na(2)� � �a(2)xiv separations of 10.648 Å,
5.046 Å, and 4.701 Å (figure 4).

The crystal packing is stabilized by intra and intermolecular C–H� � �O and O–H� � �O
hydrogen bonds. The intramolecular O(22)–H(22)� � �O(40), O(26)–H(26A)� � �O(19), and
O(25)–H(25A)� � �O(7) hydrogen bonds produce S(6) motifs. Similarly, intramolecular
O(34)–H(34A)� � �O(29) hydrogen bonds produce S(8) motif. O(3) at (x, y, z) acts as a
hydrogen-bond donor, via H(3), to O(28)viii, and O(30)viii, forming a R2

1 (4) ring. Water
O(31) in the molecule at (x, y, z) is a hydrogen-bond donor, via H(31B), to O(24)x and
O(28)x, forming a R2

1 (4) ring. Strong intra-layer hydrogen bonds are observed between
water molecules and carboxylates and water molecules, with O� � �O distances from
2.569 to 3.181 Å (table 2). Furthermore, there are also weak hydrogen bonds between
the carbon of pyridine rings [C(2), C(12), and C(28)] and oxygen of water [O(32), O(33),
and O(37)] [C� � �O distances range from 3.400 to 3.499 Å]. Therefore, the packing
diagram of 1 contains a 3-D layer filled with crystal water molecules (figure 5).

3.3. Crystal structure of 2

The asymmetric unit of 2 consists of a Ce(III), three-coordinated water molecules, a
non-coordinated water and one ptc (figure 6). The Ce(III) is coordinated by three water
molecules [O(7), O(8), and O(9)], one ptc tridendate [through N(1) of the pyridine and
two oxygen atoms O(1) and O(3) of two carboxylates]. Ce(III) has two coordination
types. In the first running parallel to the [010] direction, Ce(1) is coordinated by O(4)iii

of carboxylate from a symmetry-related ptc (figure 7). In the second running parallel to
the [001] direction, Ce(1) is coordinated by O(5)iv and O(6)iv of carboxylate from a
symmetry-related ptc (figure 8). The separations of Ce(III) ions bridged by carboxylates
are 6.460 and 9.760 Å, respectively. Three coordination oxygen atoms [O(7), O(8), and
O(9)] were from water with Ce–O bond lengths of 2.536(2), 2.548(2), and 2.554(2) Å,
respectively; the other five [O(1), O(3), O(4)iii, O(5)iv, and O(6)iv] were from the

Figure 4. The molecular structure of 1 showing the formation of a coordination polymer chain parallel to
the ac plane. (Symmetry operations as in table 3.)
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carboxylates with Ce–O bond lengths of 2.474(2), 2.5217(19), 2.4129(19), 2.6040(19),
and 2.606(2) Å, respectively; N(1) was from pyridyl ring with Ce–N bond length of
2.589(2) Å. This was also observed in other lanthanide complexes [34–38]. The bond
angles of O–Ce–O are 71.44(7)�–152.13(7)� and O–Ce–N 62.32(6)�–131.56(7)�. The
pyridine ring is planar with largest deviation from the mean plane being 0.0226(20) Å
for C(4). Selected bond lengths and angles are given in table 3.

Molecules of 2 are linked into sheets by a combination of O–H� � �O hydrogen bonds
(table 2). Water molecules O(7) and O(8) at (x, y, z) are hydrogen-bond donors,

Figure 5. Ball and stick view of 3-D network of 1 showing solvent filled channels (hydrogen atoms are
omitted for clarity, ¼water molecules).

Figure 6. Independent part of the structure of C8H10CeNO10.
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via H(7A) and H(8B), to O(2) at (�x, yþ 1/2, �zþ 1/2), forming a C(6)C(6)[R1
2 (6)] [39]

chain of rings running parallel to the [010] direction. Similarly, water O(9) at (x, y, z) is
a hydrogen-bond donor, via H(9A), to O(5) at (x, yþ 1, z), forming a C(9) chain
running parallel to the [010] direction. The combination of C(6) and C(9) chains
generates a chain of edge-fused R4

4 (27) rings running parallel to the [010] direction
(figure 9). Water O(8) at (x, y, z) is a hydrogen-bond donor, via H(8A), to O(6) at
(x, �yþ 1/2, z� 1/2), forming a C(9) chain running parallel to the [00�1] direction. The
combination of O(7)–H(7B)� � �O(10), O(10)–H(10A)� � �(1)v, and O(8)–H(8A)� � �O(6)v

hydrogen bonds generates a chain of edge-fused R3
3 (14) rings parallel to the [001]

direction (figure 10). Water O(9) at (x, y, z) is a hydrogen-bond donor, via H(9B), to
O(3) at (�xþ 1, yþ 1/2, �zþ 1/2), forming a C(4) chain running parallel to the [010]
direction. Finally, water molecules link neighboring polymeric chains via O–H� � �O
hydrogen bonds into a 2-D framework parallel to the ac plane (figure 11).

Figure 7. View of part of the crystal structure of 2 showing the formation of a coordination polymer chain
parallel to the [010] direction. For the sake of clarity, the non-coordinated molecule and all hydrogen atoms
have been omitted. (Symmetry operations as in table 3.)

Figure 8. View of part of the crystal structure of 2 showing the formation of a coordination polymer chain
parallel to the [001] direction. For the sake of clarity, the non-coordinated molecules and all hydrogen atoms
have been omitted. (Symmetry operations as in table 3.)
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3.4. Thermal analysis

The results of the thermal analysis of 1 and 2 are consistent with the proposed
stoichiometry. The decomposition pattern of 1 is illustrated in the ‘‘Supplementary

material.’’ At the first stage water is released in two steps, corresponding to the weight
loss of 13.6% (calcd value 13.7%) for seven coordinated and four non-coordinated

water molecules between 108�C and 218�C. The second weight loss of 6.9% is due to the
removal of oxalate (calcd value 6.1%) and third weight loss of 51.2% to 1090�C results

Figure 10. Part of the crystal structure of 2 showing the formation of R3
3 (14) rings. For the sake of clarity,

hydrogen atoms not involved in the motif shown have been omitted. (Symmetry code as in table 2.)

Figure 9. Part of the crystal structure of 2 showing the formation of R1
2 (6) and R4

4 (27) rings. For the sake of
clarity, the non-coordinated water and hydrogen atoms not involved in the motif shown have been omitted.
(Symmetry codes as in table 2.)
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from the successive release of ptc (calcd 53.3%). The overall weight loss of 71.7% is in
agreement with the calculated value (73.1%), assuming 28.3% is a mixture of Ce2O3

and Na2O as the final product (Calcd 26.9%).
The decomposition pattern of 2 is illustrated in the ‘‘Supplementary material.’’ At the

first stage water is released, corresponding to 17.4% weight loss (Calcd 17.1% for three-

coordinated water molecules and one non-coordinated water) between 65�C and 240�C.

The second weight loss of 41.5% to 790�C results from the successive release of ptc
(Calcd 41.9%). The overall weight loss of 58.9% is in agreement with the calculated

value (59%), assuming 41.1% CeO2 as the final product (calcd 40.9%). The residual
mass also indicates the oxidation of Ce(III) to Ce(IV).

4. Conclusions

We describe a simple synthetic strategy using an autoclave to synthesize 1-D and 2-D

coordination polymers derived from pyridine-2,4,6-tricarboxylic acid and Ce(III). The
spectral studies and analytical data agree with the structure and composition of the

polymers. The topology of the reported complex exhibits nine- and ten-coordination of
Ce(III) and, thus, has potential for the design of supramolecular coordination

networks.

Figure 11. Part of the crystal structure of 2 showing the formation of a chain along [100] generated by the
O–H� � �O hydrogen bonds (dashed lines; see table 2). For the sake of clarity, hydrogen atoms not involved in
the motif shown have been omitted.

1902 S. Sharif et al.

D
ow

nl
oa

de
d 

by
 [

R
en

m
in

 U
ni

ve
rs

ity
 o

f 
C

hi
na

] 
at

 1
0:

35
 1

3 
O

ct
ob

er
 2

01
3 



Supplementary material

CCDC No. 804364 and 827607 contains the supplementary crystallographic data for 1
and 2 and can be obtained free of charge via http://www.ccdc.cam.ac.uk/conts/
retrieving.html, or from the Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; Fax: (þ44) 1223-336-033; or Email:
deposit@ccdc.cam.ac.uk.
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