
This article was downloaded by: [Renmin University of China]
On: 13 October 2013, At: 10:42
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

Coordination polymers of lanthanides
incorporating N,N′-ethylenebis(2-
hydroxy-1-naphthylideneiminato):
syntheses and crystal structures
Wenqian Chen a , Yanmei Chen a , Wei Liu a , Tao Lei b , Qian Gao a

, Damin Kim c , David Su c , Wu Li b & Yahong Li a
a Key Laboratory of Organic Synthesis of Jiangsu Province ,
College of Chemistry, Chemical Engineering and Materials Science,
Soochow University , Suzhou 215123 , China
b Key Laboratory of Salt Lake Resources and Chemistry , Qinghai
Institute of Salt Lakes, Chinese Academy of Sciences , Xining
810008 , China
c Chemistry Department , University of Waterloo, 200 University
Avenue West , Waterloo , ON N2L 3G1 , Canada
Accepted author version posted online: 30 Oct 2012.Published
online: 19 Nov 2012.

To cite this article: Wenqian Chen , Yanmei Chen , Wei Liu , Tao Lei , Qian Gao , Damin Kim ,
David Su , Wu Li & Yahong Li (2012) Coordination polymers of lanthanides incorporating N,N′-
ethylenebis(2-hydroxy-1-naphthylideneiminato): syntheses and crystal structures, Journal of
Coordination Chemistry, 65:24, 4430-4440, DOI: 10.1080/00958972.2012.744002

To link to this article:  http://dx.doi.org/10.1080/00958972.2012.744002

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

http://www.tandfonline.com/loi/gcoo20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00958972.2012.744002
http://dx.doi.org/10.1080/00958972.2012.744002


howsoever caused arising directly or indirectly in connection with, in relation to or arising
out of the use of the Content.

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:

42
 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. 24, 20 December 2012, 4430–4440

Coordination polymers of lanthanides incorporating

N,N9-ethylenebis(2-hydroxy-1-naphthylideneiminato):

syntheses and crystal structures

WENQIAN CHENy, YANMEI CHENy, WEI LIU*y, TAO LEIz, QIAN GAOy,
DAMIN KIMx, DAVID SUx, WU LIz and YAHONG LI*y

yKey Laboratory of Organic Synthesis of Jiangsu Province, College of Chemistry,
Chemical Engineering and Materials Science, Soochow University, Suzhou 215123, China
zKey Laboratory of Salt Lake Resources and Chemistry, Qinghai Institute of Salt Lakes,

Chinese Academy of Sciences, Xining 810008, China
xChemistry Department, University of Waterloo, 200 University Avenue West, Waterloo,

ON N2L 3G1, Canada

(Received 28 July 2012; in final form 20 September 2012)

Reaction of Ln(NO3)3 � 6H2O with H2napn (H2napn¼N,N0-ethylenebis(2-hydroxy-1-naphthy-
lideneiminato)) and KSCN produces seven new coordination polymers, [La(H2napn)
(SCN)(C2H5OH)2(NO3)2]n (1), [La(H2napn)2(SCN)(NO3)2]n (2), and [Ln(H2napn)1.5(NO3)3]n
[Ln¼La(3), Sm(4), Eu(5), Dy(6), Er(7)]. Crystal structure analysis reveals that H2napn
functions as a bridging ligand, forming a 1-D chain polymer (1) and 2-D open-frameworks
(2–7) with lanthanides. Each metal center of 1–7 is nine-coordinate. Lanthanide contraction is
observed in 3–7.

Keywords: Schiff-base phthalen-ol; Lanthanide complexes; Crystal structure

1. Introduction

Lanthanide(III) coordination complexes attract attention because of their luminescence
[1–4], magnetism [5–8], gas absorption [9], and sensor [10, 11] properties. However, the
variable and high coordination numbers of lanthanides make rational design for
lanthanide complexes challenging [12–17]. Selection of the polydentate ligand is crucial
for the preparation of polymers. Lanthanides have a strong tendency to coordinate
N-donors and O-donors, thus multidentate ligands containing N- and O-donors are
ideal to assemble lanthanide polymers. We envisioned that the Schiff-base phthalen-ol,
H2napn (H2napn¼N,N0-ethylenebis(2-hydroxy-1-naphthylideneiminato)) [18], will be
a good ligand for the construction of polymers. As an important multidentate acyclic
ligand, H2napn has played an essential role in tuning bioactivity and magnetic
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performances of transition-metal complexes [19–24]. A plethora of transition metal
complexes supported by H2napn were reported in [25–29], whereas its application in
creating lanthanide coordination polymers has not been documented.

We carried out the reaction of H2napn, lanthanide ions, and KSCN with seven
coordination polymers, [La(H2napn)(SCN)(C2H5OH)2(NO3)2]n (1), [La(H2napn)2
(SCN)(NO3)2]n (2), [Ln(H2napn)1.5(NO3)3]n [Ln¼La(3), Sm(4), Eu(5), Dy(6), Er(7)]
prepared. We describe here the syntheses and crystal structures of these complexes.

2. Experimental

2.1. General considerations

Materials and Instruments: All reagents used in the synthesis were of analytical grade.
Elemental analyses for carbon, hydrogen, and nitrogen were performed with a
Carlo-Erba EA1110 CHNO-S microanalyzer. Infrared spectra (4000–400 cm�1) were
recorded using KBr pellets with a Nicolet MagNa-IR500 FT-IR spectrometer. Crystal
structure determination was performed with a Bruker SMART APEX II CCD
diffractometer equipped with graphite-monochromated Mo-Ka radiation
(�¼ 0.71073 Å).

2.2. Syntheses

2.2.1. Synthesis of 1. A mixture of La(NO3)3 � 6H2O (0.0222 g, 0.05mmol), H2napn
(0.0172 g, 0.05mmol), KSCN (0.0048 g, 0.05mmol), and ethanol (2mL) was sealed in
an 8mL Pyrex-tube, which was heated at 70�C for 2 days and then cooled to room
temperature at a rate of 5�Ch�1. Yellow needle-shaped crystals of 1 were collected in a
yield of 30%. Anal. Calcd for C29H32LaN5O10S (%): C, 44.57; H, 4.13; N, 8.96. Found
(%): C, 44.75; H, 4.23; N, 8.44. Selected IR data (KBr, cm�1): 3448 (m), 1636 (s),
1544 (m), 1511 (vw), 1475 (w), 1310 (vw), 1188 (w), 1114 (vw), 848 (w), 747 (vw), 727
(vw), 622 (vw), 457 (vw).

2.2.2. Synthesis of 2. This compound was synthesized by a procedure similar to that
of 1, except that the ratio of Ln(NO3)3 � 6H2O to H2napn was changed from 1 : 1 to 1 : 2.
Yield¼ 19%. Anal. Calcd for C49H40LaN7O10S (%): C, 55.63; H, 3.81; N, 9.27. Found
(%): C, 54.94; H, 3.40; N 9.16. Selected IR data (KBr, cm�1): 3426 (m), 1634 (s),
1545 (m), 1512 (vw), 1475 (w), 1371 (vw), 1311 (vw), 1260 (vw), 1189 (w), 1013 (vw),
847 (w), 747 (vw), 496 (vw).

2.2.3. Synthesis of 3–7. A mixture of Ln(NO3)3 � 6H2O (0.05mmol), H2napn
(0.0368 g, 0.1mmol), and ethanol (2mL) was sealed in an 8mL Pyrex-tube. The tube
was heated at 70�C for 2 days under autogenous pressure. Cooling of the resultant
solution to room temperature at a rate of 5�Ch�1 gave the product. The crystals were
collected by filtration, washed with C2H5OH (3mL), and dried in air.

Lanthanide coordination polymers 4431
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[La(H2napn)1.5(NO3)3]n (3): Yield: 31%. Anal. Calcd for C36H30LaN6O12 (%):
C, 49.27; H, 3.45; N, 9.58. Found (%): C, 48.76; H, 3.30; N, 9.54. Selected IR data
(KBr, cm�1): 3448 (w), 1636 (s), 1544 (m), 1511 (w), 1475 (m), 1403 (vw), 1310 (w),
1273 (vw), 1189 (w), 1114 (vw), 1012 (vw), 848 (w), 747 (w), 490 (vw), 457 (vw).

[Sm(H2napn)1.5(NO3)3]n (4): Yield: 24%. Anal. Calcd for C36H30SmN6O12 (%):
C, 48.64; H, 3.40; N, 9.45. Found (%): C, 48.29; H, 3.43; N, 9.30. Selected IR data
(KBr, cm�1): 1635 (s), 1548 (m), 1478 (m), 1354 (w), 1264 (w), 1185 (w), 1030 (w),
971 (w), 737 (w), 498 (w).

[Eu(H2napn)1.5(NO3)3]n (5): Yield: 34%. Anal. Calcd for C36H30EuN6O12 (%):
C, 48.55; H, 3.40; N, 9.44. Found (%): C, 48.17; H, 3.17; N, 9.27. Selected IR data
(KBr, cm�1): 3743 (m), 1634 (s), 1548 (w), 1476 (m), 1364 (w), 1309 (w), 1168 (w),
1142 (vw), 970 (w), 843 (w), 732 (vw), 499 (w).

[Dy(H2napn)1.5(NO3)3]n (6): Yield: 20%. Anal. Calcd for C36H30DyN6O12 (%):
C, 47.98; H, 3.36; N, 9.33. Found (%): C, 47.42; H, 3.31; N, 9.13. Selected IR data
(KBr, cm�1): 3710 (m), 1636 (s), 1548 (m), 1512 (w), 1479 (m), 1364 (m), 1313 (w),
1262 (w), 1185 (w), 1034 (vw), 844 (vw), 741 (w), 505 (w).

[Er(H2napn)1.5(NO3)3]n (7): Yield: 27%. Anal. Calcd for C36H30ErN6O12 (%):
C, 47.73; H, 3.34; N, 9.28. Found (%): C, 47.59; H, 3.23; N, 9.29. Selected IR data
(KBr, cm�1): 1635 (s), 1547 (m), 1478 (w), 1367 (w), 1186 (w), 1141 (m), 1029 (w),
845 (w), 763 (w), 498 (w).

2.3. X-ray crystallography

Single crystals of 1–7 were placed in a Bruker SMART APEX II CCD. The diffraction
data were obtained using graphite-monochromated Mo-Ka radiation with a !� 2�
scan technique at room temperature. The structure was solved by direct methods with
SHELX-97 [30]. A full matrix least-squares refinement on F2 was carried out using
SHELXL-97 [31].

3. Results and discussion

3.1. Syntheses

The Schiff base H2napn was prepared via condensation between naphthalen-2-ol and
ethylene diamine (scheme 1).

Polymers 1–7 were prepared under solvothermal conditions in ethanol in sealed
reaction vessels. The 1 : 1 : 1 reaction of La(NO3)3 � 6H2O :H2napn :KSCN generates 1
in moderate yield. Changing the ratio of the reactants (1 : 2 : 1) affords 2 in lower yield.
Excluding KSCN from the reaction mixture and by the treatment of Ln(NO3)3 � 6H2O
with one equiv of H2napn produces 3–7.

The most interesting feature regarding the synthesis of the complexes is that their
structures could be tuned through adjusting the ratio of the reactants and introducing
KSCN, which demonstrates the synthetic novelty of this work.

4432 W. Chen et al.
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3.2. Structural descriptions of 1–7

Partially labeled plots of 1, 2, and 3 are shown in figures 1, 3, and 4, respectively.
Hydrogen bonding contacts of 1 are displayed in figure 2. View of the coordination
polyhedra of LaIII in 1–3 are presented in figure 5. The crystallographic data of the
complexes are listed in table 1.

X-ray crystallographic analysis reveals that 1 crystallizes in the triclinic P�1 space
group. The asymmetric unit contains one LaIII, one H2napn, one SCN

�, two NO�3 , and
two ethanols. The central LaIII was nine-coordinate by two phenol oxygens from two
H2napn, four oxygen atoms from two NO�3 (bidentate), two oxygen atoms from two
ethanols, and one nitrogen atom from SCN�. The two imine nitrogens are not involved
in coordination. Thus, the geometry around each LaIII could be described as a
distorted, capped square antiprism.

Adjacent LaIII ions are linked by two phenol oxygens of two H2napn, forming an
infinite 1-D chain structure (figure 1). The distance between adjacent LaIII ions is
11.069 Å. The distances of La–O (ethanol) are 2.5677(17) and 2.5491(16) Å, and the
bond length of La–N (thiocyanate) is 2.581(2) Å. The average La–O (nitrate) bond
length is 2.6601 Å. Longer La–O distances between the protonated phenol and LaIII are
2.4279(16) and 2.4278(16) Å. The average C–O (phenol) bond length is notably shorter
than that of H2napn [32]. This is due to the coordination of phenol oxygen to

Figure 1. Coordination environment of LaIII and the 1-D chain structure of 1 (hydrogen atoms are omitted
for clarity).

Scheme 1. Synthesis of H2napn.
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lanthanide(III). As shown in figure 2, noticeable intermolecular O–H � � �O contacts
(O2–H2A � � �O10¼ 2.847(7) Å, O2–H2A � � �O10¼ 177�) are present from the OH of
ethanol (donor) to O10 of NO�3 (acceptor). These hydrogen contacts connect the
molecules to generate an infinite 2-D network (figure 2).

The X-ray single crystal diffraction analysis indicates that 2 crystallizes in the
monoclinic C2/c space group. As shown in figure 3(a), the asymmetric unit contains one
LaIII, two H2napn, one SCN

�, and two NO�3 . Each LaIII ion is nine-coordinate by four
phenol oxygens from four different ligands, two bidentate nitrate oxygens, and one
thiocyanate nitrogen. Nitrogen atoms of two imines remain uncoordinated. The
geometry around each LaIII is a distorted, capped square antiprism too.

The four H2napn serve as bridging ligands to further connect four adjacent LaIII ions,
creating an infinite 2-D network (figure 3b). The distance of two adjacent LaIII ions is
10.1462 Å, shorter than that of 1. The distance of La–N (thiocyanate) is 2.614(5) Å. The
average La–O (nitrate) bond length is 2.618 Å, which is slightly shorter than that of 1
(2.6601 Å). The average bond length of La–O (phenol) is 2.4687 Å. Four LaIII ions are
linked by four H2napn, generating a 52-membered ring (figure 3c).

X-ray crystallographic analysis reveals that 3–7 crystallize in the monoclinic C2/c
space group. The main diffraction peaks and the patterns of the main peaks for 3–7 are
essentially similar, which indicate they are isomorphic and isostructural. Thus, only the
structure of 3 is discussed here. As shown in figure 4(a), the asymmetric unit of 3

contains one LaIII, 1.5 H2napn, and three NO�3 . Each LaIII is nine-coordinate by three
phenol oxygens from three different ligands and three bidentate nitrates. Nitrogen
atoms of imines remain uncoordinated. The geometry around each LaIII could be
described neither as a tricapped trigonal prismatic arrangement nor as a distorted
capped square antiprism arrangement. We describe it as a 1 : 5 : 3 (MFF)
polyhedron [33].

Each ligand is a bidentate linker bridging two LaIII ions through the two phenol
oxygens, generating a 78-membered ring (figure 4b) and also affording an infinite 2-D
network structure (figure 4c). Obviously, changing the ratio of the ligands and
metal ions and introducing the ancillary ligands vary the final structure of these

Figure 2. Crystal packing diagram of 1. Hydrogen bonding contacts are represented by dotted lines.

4434 W. Chen et al.
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Figure 3. (a) Coordination environment of LaIII in 2 (hydrogen atoms are omitted for clarity); (b) 2-D
network of 2; and (c) skeleton of the 52-membered ring.
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Figure 4. (a) Coordination environment of LaIII in 3 (hydrogens are omitted for clarity); (b) skeleton of the
78-membered ring; (c) 2-D network of 3.
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coordination complexes, and particularly their dimensionality [34, 35]. The La–La
distance through the bridge is 9.784 Å, while Sm–Sm, Eu–Eu, Dy–Dy, and Er–Er
distances are 9.610, 9.580, 9.471, and 9.448 Å, respectively, consistent with the
lanthanide contraction.

The geometries of LaIII are different in both 1 and 2 and are nine-coordinate,
exhibiting distorted, capped square antiprisms. The nitrogen N1(N4) of SCN� occupies
the cap position. The LaIII ion of 3 is also nine-coordinate, but geometry could be
described as a 1 : 5 : 3 (MFF) polyhedron (figure 5) [33].

Metal organic frameworks (MOFS) of lanthanides are of interest owing to various
topological networks and aesthetically pleasing crystal packing motifs. While MOFS of
lanthanides supported by propylenediamine-N,N,N0,N0-tetraacetic acid [36], 1,2,4,5-
benzenetetracarboxylic acid [37], pyridine-2,4,6-tricarboxylic acid [38], 2-methyl
imidazole dicarboxylate [39], benzene-1,3-dicarboxylic acid [40], (4,4-dicarboxy-
1H-imidazol-2-yl)pyridine-1-oxide [41], etc., were widely investigated, no coordination
polymers incorporating H2napn have been reported. Similar to 1-D chain polymer or
2-D open-frameworks, 1–7 have luminescent properties. In-depth research to study the
luminescent properties of these complexes is under investigation. Our studies, already
well advanced, will be reported soon.

4. Conclusion

We present here a new family of lanthanide polymers generated from
N,N0-ethylenebis(2-hydroxy-1-naphthylideneiminato) using the same reactants at
different ratios. Structural analysis reveals that lanthanides serve as nine-coordinate
connectors, generating a 1-D chain and 2-D network structures. Lanthanide contrac-
tion was shown for these complexes.

Supplementary material

Table S1 gives bond lengths and angles for 1–7. Figure S1 gives the IR spectrum for the
ligand. Figures S2–S8 give the IR spectra for 1–7.

Figure 5. View of the coordination polyhedron of LaIII ions in 1 (a), 2 (b), and 3 (c).

Lanthanide coordination polymers 4437

D
ow

nl
oa

de
d 

by
 [

R
en

m
in

 U
ni

ve
rs

ity
 o

f 
C

hi
na

] 
at

 1
0:

42
 1

3 
O

ct
ob

er
 2

01
3 



T
a
b
le

1
.

C
ry
st
a
l
d
a
ta

a
n
d
st
ru
ct
u
re

re
fi
n
em

en
ts

fo
r
1
–
7
.

C
o
m
p
le
x

1
2

3
4

5
6

7

E
m
p
ir
ic
a
l
fo
rm

u
la

C
2
9
H

3
2
N

5
L
a
4
O

1
0
S

C
4
9
H

4
0
N

7
L
a
O

1
0
S

C
3
6
H

3
0
N

6
L
a
O

1
2

C
3
6
H

3
0
N

6
S
m
O

1
2

C
3
6
H

3
0
N

6
E
u
O

1
2

C
3
6
H

3
0
N

6
D
y
O

1
2

C
3
6
H

3
0
N

6
E
rO

1
2

F
o
rm

u
la

w
ei
g
h
t

7
8
1
.5
8

1
0
5
7
.8
5

8
7
7
.5
7

8
8
9
.0
2

8
9
0
.6
4

9
0
1
.1
6

9
0
5
.9
2

T
em

p
er
a
tu
re

(K
)

2
9
3
(2
)

2
9
6
(2
)

2
9
6
(2
)

2
9
6
(2
)

2
9
6
(2
)

2
9
6
(2
)

2
9
6
(2
)

W
a
v
el
en
g
th

(Å
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Crystallographic data for the structural analysis have been deposited with the
Cambridge Crystallographic Data Centre; CCDC numbers 805727, 798800, 872288,
805723, 872290, 881404, and 872 289 contain the supplementary crystallographic data
for 1–7. These data can be obtained free of charge from CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK (Fax: þ44-1223-336033; Email: deposit@ccdc.cam.ac.uk or
http://www.ccdc.cam.ac.uk).
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