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Two novel benzenedicarboxylate–metal complexes, [Sm(nphth)(Hnphth)(H2O)3•H2O]2 and
[Zn(nphth)(bipy)(H2O) •H2O]2 (2) (H2nphth = 3-nitrophthalic acid, bipy = 2,2′-bipyridine), have
been synthesized under hydrothermal condition and characterized by single-crystal X-ray diffraction.
Both complex 1 and 2 exhibit a dimeric structure, and nphth ligand shows different coordination mode
in the f-block and d-block complexes. The fluorescent properties of two complexes are investigated;
the results reveal that the two complexes show different kinds of fluorescence. Copyright  2007 John
Wiley & Sons, Ltd.
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INTRODUCTION

Transition metal–organic frameworks (MOFs), which are
diverse in structure and property, are currently attract-
ing increasing attention not only owing to their fascinating
applications in the areas of catalysis, co-operative magnetic
behavior, nonlinear optical activity and electrical conductiv-
ity, but also because of their interesting topologies.1 – 8 To
exquisitely design the metal–organic frameworks from tran-
sition metals and organic ligands with novel architectures
and desired functionalities by use of the principles of crys-
tal engineering is one of the most challenging subjects in
coordination chemistry today.9,10

The flexible benzenedicarboxylic acids are good candidates
for the construction of novel metal–organic complexes,
which show many important advantages than other organic
ligands: they have two carboxyl groups that can completely
or partially deprotonate, which reduces rich coordination
modes; they can act not only as a hydrogen-bond acceptor
but also as a hydrogen-bond donor, depending upon the
number of deprotonated carboxyl groups; and they may
connect metal ions in different directions due to their rigidity
and polycarboxylate groups.
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E-mail: byan@tongji.edu.cn
Contract/grant sponsor: National Natural Science Foundation of
China; Contract/grant number: 20301013.

The metal–organic complexes of benzenedicarboxylic
acids always show the high-dimensional structure. In order
to obtain the one-dimensional complexes, one approach is to
introduce terminal ligands such as 2,2′-bipyridine, phen or
their derivatives into the carboxylate system because the
terminal ligands reduce the available metal–ion binding
sites to interdict polymer growth in other directions.11,12

Many one-dimensional metal–organic polymers have been
prepared by using mixed ligands of multicarboxylate and 2,2′-
bipyridine, phen or their derivatives, in which the interdicting
action of 2,2′-bipyridine, phen or their derivatives plays
an important role in the formation of a one-dimensional
chain.11 – 17

In addition, the hydrothermal method is effective for
the crystal growth of many coordination polymers. Under
hydrothermal conditions, the properties of the reactants and
the interactions between organic and inorganic partners are
quite different from those under conventional conditions in
water. Therefore, various simple precursors and metastable
compounds may be produced by hydrothermal reactions,
and this facilitates crystal growth from solution.18 – 20 Taking
account of these, we chose the benzenedicarboxylate
ligand and 2,2′-bipyridine as reactants to build metal
architectures by a hydrothermal reaction. Interestingly,
the results of single-crystal X-ray analysis reveal that
complex 1 [Sm(nphth)(Hnphth)(H2O)3žH2O]2 and complex
2 [Zn(nphth)(bipy)(H2O)žH2O]2 show a dimeric structure. In
addition, two complexes show different kinds of fluorescence.
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EXPERIMENTAL SECTION

Preparation of nphth–metal complexes
Syntheses of [Sm(nphth)(Hnphth)(H2O)3·H2O]2 (1)
Sm(NO3)3 · 6H2O (0.3 mmol), H2nphth (0.45 mmol) and bipy
(0.3 mmol) were mixed in 15 ml deionized water. After
stirring for 30 min, the mixture was placed in a 25 ml Teflon-
lined reactor and heated at 160 ◦C in an oven for 3 days, then
cooled slowly to room temperature; yellow column crystals
of complex 1 suitable for X-ray diffraction analysis were
obtained. Anal. calcd for C16H15N2O16Sm: C, 29 92; H, 2 34;
N, 4.36%. Found: C, 30.05; H, 2 28; N, 4.42%. IR (KBr pellet,
cm−1): 1412 cm−1 (vsCOO−), 1548 cm−1 (vasCOO−).

Synthesis of [Zn(nphth)(bipy)(H2O) •H2O]2 (2)
Zn(CH3COO)2 • 2H2O (0.3 mmol), H2nphth (0.3 mmol) and
bipy (0.3 mmol) were mixed in 10 ml deionized water. After
stirring for 30 min, the mixture was placed in a 25 ml Teflon-
lined reactor and heated at 160 ◦C in an oven for 3 days,
then cooled slowly to room temperature; brown column
crystals of complex 2 suitable for X-ray diffraction analysis
were obtained. Anal. calcd for C18H15N3O8Zn (466.70): C,
46.28; H, 3.21; N, 9.00%. Found: C, 46.16; H, 3.27; N,
8.94%. IR spectrum exhibits a complicated pattern of bands
in the range 4000–400 cm−1: 1413 cm−1 (vsCOO− ), 1541 cm−1

(vasCOO− ).

Measurements and apparatus
Elemental analyses (C, H, N) were determined with an Ele-
mentar Cario EL elemental analyzer. IR spectra were recorded
with a Nicolet Nexus 912 AO446 spectrophotometer (KBr
pellet), 4000–400 cm−1 region. The luminescence (excitation
and emission) spectra for the solid complex sample were
determined with a Perkin-Elmer LS-55 spectrophotometer;
whole excitation and emission slit widths were 10 and 5 nm,
respectively.

Crystal structure determination
Diffraction data for a crystal with dimensions 0.25 ×
0.20 × 0.15 mm for complex 1 and 0.15 × 0.10 × 0.10 mm for
complex 2 were performed with graphite-monochromated
MoKα radiation on a CCD area detector four-circle
diffractometer, and were collected by the ω − 2θ scan
technique. The structures were solved by direct methods.
All non-hydrogen atoms were refined anisotropically by
full-matrix least-squares methods. The hydrogen atoms
were added geometrically and not refined. All calculations
were performed using SHELXS-97 and SHELXL-97.21,22 A
summary of crystallographic data and refinement parameters
for complexes 1 and 2 are given in Table 1.

Crystallographic data (excluding structure factors) for the
structure reported in this paper have been deposited with the
Cambridge Crystallographic Data Centre as a supplementary

Table 1. Crystal data and structure refinement for complexes 1 and 2

Complex Complex 1 Complex 2
Formula C16H15N2O16Sm C18H15N3O8Zn
Relative molecular weight M 641.65 466.70
Temperature 293(2) K 298(2) K
Wavelength 0.71073 Å 0.71073 Å
Crystal system P − 1 P − 1
Space group Triclinic Triclinic
Unit dimensions a = 8.150(3) Å a = 7.5336(16) Å

b = 8.773(3) Å b = 10.442(2) Å
c = 15.122(5) Å c = 12.133(3) Å
α = 100.219(4)◦ α = 88.677(3)◦

β = 91.182(4)◦ β = 75.622(3)◦

γ = 104.507(4)◦ γ = 77.571(3)◦

Volume 1027.7(6) Å3 902.5(3) Å3

Z 2 2
Calculated density 2.074 mg/m3 1.717 mg/m3

F(000) 630 476
Crystal size 0.25 × 0.20 × 0.15 mm 0.15 × 0.10 × 0.10 mm
θ range for data collection 2.44–25.01◦ 1.73–25.01◦

Reflections/collected/unique 4350/3576 [R(int) = 0.0227] 3818/3143 [R(int) = 0.0287]
Refinement method Full-matrix least-squares on F2 Full-matrix least-squares on F2

Data/restraints/parameters 3576/12/348 3143/3/284
Goodness-of-fit on F2 0.934 0.835
Final R indices [I > 2σ(I)] R1 = 0.0318, wR2 = 0.0613 R1 = 0.0428, wR2 = 0.0591
Largest difference peak and hole 1.053 and −0.695 e. Å

−3
0.303 and −0.291 e Å

−3
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publication (no. CCDC-276219 for complex 1 and CCDC-
605448 for complex 2). Copies of the data can be obtained
free of charge on application to CCDC, 12 Union Road,
Cambridge CB21EZ, UK (Fax: +44 1223-336-033; e-mail:
deposit@ccdc.cam.ac.uk).

RESULTS AND DISCUSSION

Crystal structure of complex 1
Complex 1 crystallizes in the triclinic system, with space
group P − 1. X-ray diffraction crystal structure analysis
reveals that complex 1 forms a dimeric formulation
[Sm(nphth)(Hnphth)(H2O)3 · H2O]2 with two equivalent
structural units corresponding to one-half of the dimer
related by a crystallographic inversion center (Fig. 1).
The two Sm centers are both equivalent in the same
coordination environment and so have only one type
of metal configuration. Each central samarium center is
nine-coordinated completely by nine oxygen atoms, the
coordination geometry of which can be described as
a distorted monocapped square antiprismatic geometry.
Among the above nine oxygen atoms, six are from the
two coordinated H2nphth ligands, the bond distances of
between the samarium center and the carboxylate oxygen
atoms being 2.393(3)–2.538(3) Å. It is worthy pointing out
that the bond distance of Sm–O1 is shorter than Sm–O1,a

the reason being that the atom O1a coordinated to the Sm(1)
center forms a four-membered ring with oxygen atom O2a,
which enhances the reciprocity of the Sm center with an
oxygen atom and lengthens the bond distance of Sm–O. In
addition, the remaining three oxygen atoms from three water
molecules coordinate the samarium center with the bond
distances between the samarium center and the water oxygen
atoms ranging from 2.374(4) to 2.508(4) Å. The bond average
of Sm–O distance is 2.462 Å. In addition, the bong angles
consisting of the Sm center and the carboxylic oxygen atoms
are 51.19(10)◦ (O1a –Sm–O2a), 71.99(10)◦ (O1–Sm–O3) and
70.40(11)◦ (O7–Sm–O9), respectively.

In one unit of the complex 1, there exist two H2nphth
anions. One (nphth) is dianionic, so the other one (Hnphth)
must be monoprotonated to maintain electroneutrality. Cor-
respondingly, two types of coordination modes of H2nphth
ligands exist in the structure: (1) the nphth anion acts as
chelating-bridging tetradentate ligand towards the samar-
ium centers with three carboxylic oxygen atoms—samarium
centers are connected into a dimeric structure by this coordi-
nation [Fig. 2(a)]; and (2) the Hnphth anion acts as a chelating
bidentate ligand towards samarium centers with two car-
boxylic oxygen atoms [Fig. 2(b)]. Selected bond lengths and
angles for complexes 1 and 2 are listed in Table 2.

The existence of water molecules causes much hydrogen
bonding in the structure of the title complex. There exist
four types of O–H· · ·O intermolecular hydrogen bonds:
one is the O–H· · ·O intermolecular hydrogen bonding
between the oxygen atoms of the lattice water molecules

Figure 1. Molecular structure of complex 1.

(a) (b)

(c)

Figure 2. Coordination modes of nphth ligands in complexes
1 and 2.

and the oxygen atoms of the carboxylic groups, the bond
angles of which are 168(7)◦ [O(16)–H(16B) · · · O(4)b] and
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Table 2. Selected bond distances (Å) and bond angles (deg) for complexes 1 and 2

Sm(1)–O(13) 2.374(4) Zn(1)–O(5) 1.990(2)
Sm(1)–O(3) 2.393(3) Zn(1)–O(1) 2.044(2)
Sm(1)–O(7) 2.417(3) Zn(1)–O(7) 2.079(3)
Sm(1)–O(15) 2.457(4) Zn(1)–N(1) 2.139(3)
Sm(1)–O(9) 2.467(3) Zn(1)–N(2) 2.141(3)
Sm(1)–O(1) 2.470(3)
Sm(1)–O(14) 2.508(4)
Sm(1)–O(2)a 2.534(3)
Sm(1)–O(1)a 2.538(3)

O(3)–Sm(1)–O(7) 91.32(11) O(5)a –Zn(1)–O(1) 100.39(11)
O(13)–Sm(1)–O(15) 90.36(14) O(5)a –Zn(1)–O(7) 89.18(12)
O(3)–Sm(1)–O(15) 143.60(12) O(1)–Zn(1)–O(7) 93.83(11)
O(3)–Sm(1)–O(9) 73.44(11) O(5)a –Zn(1)–N(1) 98.66(11)
O(7)–Sm(1)–O(9) 70.40(11) O(1)–Zn(1)–N(1) 160.95(11)
O(3)–Sm(1)–O(1) 71.99(10) O(7)–Zn(1)–N(1) 85.89(12)
O(7)–Sm(1)–O(1) 70.67(11) O(5)a –Zn(1)–N(2) 116.39(11)
O(9)–Sm(1)–O(1) 126.30(11) O(1)–Zn(1)–N(2) 96.20(11)
O(1)–Sm(1)–O(14) 71.96(12) O(7)–Zn(1)–N(2) 150.12(12)
O(13)–Sm(1)–O(2)a 71.95(12) N(1)–Zn(1)–N(2) 75.66(12)
O(3)–Sm(1)–O(2)a 140.97(11)
O(7)–Sm(1)–O(2)a 127.40(11)
O(9)–Sm(1)–O(2)a 120.04(11)

Symmetry transformations used to generate equivalent atoms: for complex 1, a−x, −y,−z; for complex 2, a−x + 2,−y + 1, −z + 1.

158(5)◦ [O(16) –H(16A)· · ·O(8)d], respectively; the second
is the intermolecular hydrogen bonding between the
oxygen atoms of the coordinated water molecules and
the oxygen atoms of the carboxylic groups, the bond
angles of which are 171(6)◦ [O(13) –H(13A)· · ·O(4)c], 160(5)◦

[O(14) –H(14A)· · ·O(3)c], 137(5)◦ [O(14) –H(14B)· · ·O(7)a] and
170(5)◦ [O(15) –H(15B)· · ·O(c)f], respectively; the third is
the intermolecular hydrogen bonding between the oxygen
atoms of the coordinated water molecules and the oxygen
atoms of the lattice water molecules, the bond angle of
which is 162(5)◦ [O(13) –H(13B)· · ·O(16)e]; and the last is
the intermolecular hydrogen bonding between the oxygen
atoms of the carboxylic groups and the oxygen atoms of
the lattice water molecules, the bond angle of which is
179.6◦ [O(10) –H(10A)· · ·O(16)e]. In particular, there exists one
intramolecular hydrogen bonging in the structure between
the oxygen atoms of the coordinated water molecules and
the oxygen atoms of the carboxylic groups, the bond angle of
which is 156(4)◦ [O(15) –H(15A)· · ·O(8)]. All those hydrogen
bonds link up the complex units, which results in a three-
dimensional network and makes the whole network structure
system stable. The detailed data of hydrogen bonding for
complex 1 are shown in Table 3.

Crystal structure of complex 2
Complex 2 [Zn(nphth)(bipy)(H2O) • H2O]2 crystallizes in the
triclinic system, with space group P − 1. Figure 3 shows the
fundamental asymmetrical unit of the complex 2, which

contains one zinc center, one nphth ligand, one coordinated
water molecule and one lattice water molecule. Each zinc
center is five-coordinated by three oxygen atoms and two
nitrogen atoms, and the coordination geometry of zinc
center can be described as a light-distorted quadrihedrogon
geometry. Among above three oxygen atoms, two are from
two different nphth ligands with a Zn–O1 distance of 2.044(2)
Å and a Zn–O5 distance of 1.990(2) Å, respectively; the
remaining one is from one coordinated water molecules with
a Zn–O7 distance of 2.079(3) Å. In addition, the two nitrogen
atoms are from the chelated bipy ligand with a Zn–N1
distance of 2.139(3) Å, a Zn–N2 distance of 2.141(3) Å and the
angle of N1–Zn–N2 is 75.66(12)◦.

All nphth molecules are protonated completely and taken
part in the coordination to the zinc centers. There is only
one coordination modes of nphth anions existing in the
structure: the dinic anion acts as the tridentate-bridging
ligand towards two zinc centers [Fig. 2(c)], and zinc centers
are linked together by this coordination mode to from a
dimeric structure. The dimers are further linked by strong
O–H· · ·O hydrogen bondings to generate a three-dimensional
supramolecular architecture.

Fluorescent properties of complexes 1 and 2
Complexes 1 and 2 exhibit different kinds of fluorescence.
The solid-state excitation spectrum of the complex 1 at
room temperature shows that effective energy absorption
mainly takes place in the narrow ultraviolet region of
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Table 3. Hydrogen bonds (Å) for complex 1

D–H · · · A d(D–H) d(H · · · A) d(D · · · A)d(DHA)

O(16)–H(16B) · · · O(4)b 0.846(10) 1.902(19) 2.735(5) 168(7)
O(14)–H(14A) · · · O(3)c 0.843(10) 2.18(2) 2.987(5) 160(5)
O(16)–H(16A) · · · O(8)d 0.843(10) 1.95(2) 2.754(5) 158(5)
O(14)–H(14B) · · · O(7)a 0.841(10) 2.35(4) 3.019(5) 137(5)
O(13)–H(13A) · · · O(4)c 0.849(10) 1.804(15) 2.646(5) 171(6)
O(13)–H(13B) · · · O(16)e 0.848(10) 2.06(2) 2.873(5) 162(5)
O(15)–H(15B) · · · O(2)f 0.847(10) 1.916(15) 2.754(5) 170(5)
O(15)–H(15A) · · · O(8) 0.852(10) 1.978(19) 2.777(6) 156(4)
O(10)–H(10A) · · · O(16)e 0.82 1.77 2.587(6) 179.6

Symmetry transformations used to generate equivalent atoms: for complex 1, a −x,−y,−z; b −x + 1, −y + 1,−z + 1; c −x + 1, −y,−z;
d −x, −y, −z + 1; e −x + 1,−y,−z + 1; f x, y − z.

Figure 3. Molecular structure of complex 2.

200–280 nm, and two main excitation peaks appear under
orange emission of 596 nm: 216 and 245 nm, respectively.
We further measured the corresponding emission spectra
by selective excitation with the two different excitation
wavelengths, and they show similar emission position
except for little distinction of luminescent intensities. This
indicates that two excitation bands are all the effective
energy excitation for the luminescence of Sm3+ ion. On
the contrary, we cannot obtain the characteristic emission
of Sm3+ ion under the excitation of the wavelengths in
the range 300–400 nm and it can be predicted that the
excitation bands cannot produce the effective sensitization
for the luminescence of Sm3+. The emission spectrum of
complex 1 (Fig. 4) shows one apparent emission bands
under the excitation of 245 nm and the maximum emission
wavelengths are at 597 nm, which is attributed to be the
characteristic emission 4G5/2 → 6Hj (j = 7/2) transition of
Sm3+ ion.
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Figure 4. Luminescent spectra of complex 1.

From the emission spectrum, complex 1 exhibits the
weakest luminescence and the characteristic emission
4G5/2 → 6Hj (j = 5/2, 9/2 and 11/2) disappears. There are
several reasons: the first is that there exist many internal
energy levels (6F11/2, 6F9/2, · · ·· · ·, 6H11/2 etc) between the first
excited state 4G5/2 and the ground state 6H9/2 of Sm3+, which
causes some non-radiative energy transfer process to lose the
excited energy of nphth; the second is that the nphth ligand
fluorescence emission and the energy transfer process from
the lowest triplet state level of the ligand to the excited state
levels of Sm3+ ions are two competitive processes, and the
organic ligand with large conjugated structure may not be
beneficial to the energy transfer from the ligand to the central
metal ions; the third is that the samarium complex is apt to be
deactivated by the solvent O–H vibrations.23,24 The dominant
luminescence mechanism for the solid Sm complex was given
as luminescence from the triplet state of the ligand to the
central samarium ion (L∗ − M), namely the intramolecular
energy transfer mechanism (LMET), as shown in Fig. 5.
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Figure 5. The sketch of intramolecular energy transfer
mechanism in complex 1.
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Figure 6. Luminescent spectra of complex 2 and free H2nphth
molecules.

Complex 2 exhibits a blue photoluminescence upon the
radiation of ultraviolet light at room temperature. As shown
in Fig. 6, the emission broad band of complex 2 mainly ranges
from 400 to 550 nm with the maximum emission wavelengths
at 450 nm. We further measured the emission spectrum of
the free 3-nitrophthalic acid molecules, which shows one
emission at 420 nm, indicating that blue luminescence can be
observed when the nphth ligand is bound to Zn centers. The
lower energy band would be assigned to the ligand-to-metal

charge transfer, and the observed luminescence of complex 2
is attributed to the coordinated nphth ligand.25

Since hydrothermal products are usually stable and
insoluble in common solvents arising from their polymeric
structures, both complexes may be potential candidates for
photoactive materials.
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