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Abstract. Two mixed ligand ZnII complexes [Zn(phen)L2/2](H2L)
(1) and [(phen)2Zn(µ-L)Zn(phen)2]L · 11H2O (2) with H2L 5 suc-
cinic acid were prepared and crystallographically characterized.
Complex 1 crystallizes in the monoclinic space group C2/c (no. 15)
with a 5 13.618(1) Å, b 5 9.585(1) Å, c 5 15.165(1) Å, β 5

96.780(6)°, V 5 1965.6(3) Å3, Z 5 4 and complex 2 in the triclinic
space group P 1̄ (no. 2) with a 5 12.989(2) Å, b 5 14.464(2) Å,
c 5 18.025(3) Å, a 5 90.01(1)°, β 5 109.69(1)°, γ 5 112.32(1)°,
V 5 2917.4(8) Å3, Z 5 2. 1 consists of succinic acid molecules and
1D zigzag 1

`[Zn(phen)(C4H4O4)2/2] polymeric chains, in which the
tetrahedrally coordinated Zn atoms are bridged by bis - monodent-
ate succinato ligands. Succinic acid molecules play an important
role in supramolecular assemblies of the polymeric chains into 2D

Succinatverbrückte Zink-Phenanthrolin-Komplexe: [Zn(phen)L2/2](H2L) und
[(phen)2Zn(µ-L)Zn(phen)2]L · 11H2O mit H2L 5 Bernsteinsäure

Inhaltsübersicht. Die ZnII2Komplexe [Zn(phen)L2/2](H2L) (1) und
[(phen)2Zn(µ2L)Zn(phen)2]L·11H2O (2) mit H2L 5 Bernstein-
säure wurden dargestellt und röntgenographisch charakterisiert. 1
kristallisiert in der monoklinen Raumgruppe C2/c (Nr. 15) mit a 5

13,618(1) Å, b 5 9,585(1) Å, c 5 15,165(1) Å, β 5 96,780(6)°, V 5

1965,6(3) Å3, Z 5 4 und 2 in der triklinen Raumgruppe P 1̄ (Nr. 2)
mit a 5 12,989(2) Å, b 5 14,464(2) Å, c 5 18,025(3) Å, α 5

90,01(1)°, β 5 109,69(1)°, γ 5 112,32(1)°, V 5 2917,4(8) Å3, Z 5

2. 1 setzt sich aus Bernsteinsäure-Molekülen und zickzackfömigen
1
`[Zn(phen)(C4H4O4)2/2]2Ketten, in denen tetraederisch koordinierte
Zn-Atome über bis-einzähnige Succinato-Liganden verbrückt sind,

Introduction

Previous investigations show that α,ω2dicarboxylate
anions are interesting flexible bridging ligands to interlink
metal atoms into supramolecular architectures with specific
topologies [124]. As a lower member of the α,ω2dicar-
boxylate family, the succinate (C4H4O4)22 anion has proven
to be a versatile polyfunctional ligand. For example, the
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layers as well as in the stacking of 2D layers. 2 is composed of
[(phen)2Zn(µ-L)Zn(phen)2]21 complex cations, succinate anions
and hydrogen bonded water molecules. Within the divalent cations,
Zn atoms are octahedrally coordinated by four N atoms of two
phen ligands and two O atoms of one bis-chelating succinato li-
gand. Through the intermolecular π2π stacking interactions, the
complex cations form positively charged 2D layers, between which
the noncoordinating succinate anions and water molecules are
sandwiched.

Keywords: Zinc; Succinato complexes; Phenanthroline complexes;
π2π Stacking interactions

zusammen. Die Bernsteinsäure-Moleküle spielen eine wichtige
Rolle beim supramolekularen Aufbau der polymeren Ketten zu 2D-
Schichten. 2 wird von den [(phen)2Zn(µ2L)Zn(phen)2]21-Katio-
nen, den Succinat-Anionen und den über H-Brücken gebundenen
H2O2Molekülen gebildet. Innerhalb der zweiwertigen Kationen
sind Zn-Atome oktaedrisch von vier N-Atomen zweier Phen-Li-
ganden und zwei O-Atomen eines bis-chelatisierenden Succinato-
Liganden koordiniert. Durch intermolekulare π2π2Wech-
selwirkungen bilden die komplexen Kationen positiv geladene 2D-
Schichten, zwischen denen die nicht-koordinierenden Succinat-An-
ionen und H2O-Moleküle eingelagert sind.

succinate ions bridge transition metal atoms to form 1D
polymeric chains [5, 6, 7a]. In addition, the succinato li-
gands polydentately link metal atoms to form 2D and 3D
networks [7b, 8210]. Interestingly, self-assembly of tran-
sition metal ions with succinate anions under hydrothermal
synthetic conditions affords new organic-inorganic hybrid
materials which have currently been attracting enormous at-
tention [11213]. Our research indicates that self-assembly
of Zn21 with succinate anions can yield novel nonlinear
optical materials [10, 14]. On the other hand, synergetic co-
ordination of α,ω2dicarboxylato ligands and the phen-
anthroline ligand to Cu ions led to a variety of mixed ligand
complexes of interesting structure types with π2π stacking
interactions [15]. Under the influence of the phen ligand,
succinate anions can chelate the Mn ion to form a seven-



Two Succinato-bridged Zinc(II) Phenanthroline Complexes

Table 1 Crystallographic and experimental data for 1 and 2

1 2

Formula C20H18N2O8Zn C56H62N8O19Zn2

Formula weight 479.73 1281.88
Crystal color and shape yellowish, rhombohedron yellowish, rhombohedron
Crystal size/mm 0.889 x 0.444 x 0.222 0.538 x 0.156 x 0.133
Crystal system monoclinic triclinic
Space group C2/c P 1̄
a/Å 13.618(1) 12.989(2)
b/Å 9.585(1) 14.464(2)
c/Å 15.165(1) 18.025(3)
a/° 90.01(1)
β/° 96.780(6) 109.69(1)
γ/° 112.32(1)
V/Å3 1965.6(3) 2917.4(8)
Z 4 2
T/K 293 293
µ/mm21 1.302 0.903
Transmission coefficient 0.16720.212 0.68220.639
Measured reflections 2863 15146
Independent reflections (Rint) 2270 (0.0211) 13371 (0.0294)
Observed reflections [I $ (2σ(I)] 2140 6903
R1, wR2 (2σ(I)]a) 0.0562, 0.1291 0.0612, 0.1437
R1, wR2 (all data)a) 0.0581, 0.1313 0.1316, 0.1640
q, rb) 0.0878, 0.1311 0.05, 0.0
Number of variables 181 790
Extinction coefficient 0.048(3) 0.0010(3)
δρmin; δρmax/e·Å23 21.284; 1.106 20.552; 0.600
Goodness of fit on F2 1.302 1.306

a) wR2 5 [Σw(Fo
22Fc

2)2/Σw(Fo
2)2]1/2

b) w 5 [σ2(Fo
2) 1 (qP)2 1 rP]21 with P 5 (Fo

2 1 2Fc
2)/3

membered ring [16]. To our knowledge, however, rare metal
complex with a bis-chelating succinato ligand has been re-
ported yet. In this paper, we present two new mixed ligand
ZnII complexes, [Zn(phen)L2/2](H2L) (1) and
[(phen)2Zn(µ2L)Zn(phen)2]L·11H2O (2). The former com-
plex is featured by π2π stacking interactions between the
coordinating phen ligand and the hydrogen bonded succinic
acid molecule and the latter displays a bis-chelating coordi-
nation mode of the succinato ligand to connect two Zn
atoms into dinuclear complex cations.

Experimental Section

Preparation

All chemicals of p.a. grade were purchased from Shanghai Chemi-
cals Company and used without further purification. Typical syn-
thetic procedures are as follows.

[Zn(phen)L2/2](H2L) (1): After 0.205 g (1.03 mmol) phenanthroline
monohydrate and 0.122 g (1.03 mmol) succinic acid were com-
pletely dissolved in 20 ml CH3OH/H2O (1:1 v/v), fresh ZnCO3 was
added. ZnCO3 was precipitated previously by addition of 1.0 ml
(1 M) ZnCl2 to 1.0 ml (1 M) Na2CO3 and washed with doubly-
destilled water until no Cl2anions were detectable. The mixture was
stirred for 30 minutes. The resulting solution (pH 5 5.2) was al-
lowed to stand at room temperature. A small amount of yellowish
rhombohedral crystals grew within 3 days.

[(phen)2Zn(µ2L)Zn(phen)2]L·11H2O (2): 0.10 g (0.55 mmol)
Zn(C4H4O4) [10] was added to 40 ml CH3OH/H2O (1:1 v/v) and
the mixture was continuously stirred for 9 hours. To the formed
white suspension, 0.11 g (0.55 mmol) phenanthroline monohydrate
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was added under stirring. After filtration, the filtrate (pH 5 6.8)
was maintained at room temperature. Slow evaporation produced
a mixture of colorless needle-like and yellowish rhombohedral crys-
tals. Unfortunately, the needle-like crystals were found to be unsuit-
able for X-ray structural analyses. The yellowish rhombohedral
crystals were structurally characterized to be [(phen)2-
Zn(µ2L)Zn(phen)2]L·11H2O (see below).

X-ray structure analyses

Suitable single crystals of 1 and 2 were selected under a polarizing
microscope and fixed with epoxy cement on fine glass fibres which
were then mounted on a Bruker P4 diffractometer with graphite-
monochromated Mo Kα radiation (λ 5 0.71073 Å) for cell determi-
nation and data collection. The lattice parameters were refined
from the 2q values (10225°) of 25 carefully centered reflections.
The reflection intensities with 2qmax 5 55° were collected at 293 K
using the q22q scan technique. On the basis of the monitored
reflections, the employed single crystals exhibited no detectable de-
cay during data collection. The data were corrected for Lp and
absorption effects. The structures were solved by using heavy atom
methods with the help of the SHELXS297 program [17]. Sub-
sequent difference Fourier syntheses enabled all heavier atoms to
be located. After several cycles of refinement, hydrogen atoms of
1,102phenanthroline and the methylene groups were placed in cor-
responding calculated positions while the hydrogen atoms of the
hydroxyl group in 1 and the water molecules in 2 were derived
from the successive difference Fourier syntheses. All atoms except
hydrogen atoms were finally refined with anisotropic displacement
parameters by the full-matrix least-squares technique [18]. Detailed
information about the crystal data and structure determination are
summarized in Table 1. Selected interatomic distances and bond
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Table 2 Selected bond lengths/Å and angles/° for 1 and 2

[Zn(phen)L2/2](H2L) 1

Zn2O(1) 1.962(2) O(1)2Zn2O(1)#1 126.3(1) O(1)#12Zn2N 109.89(7)
Zn2O(1)#1 1.962(2) O(1)2Zn2N 110.38(7) O(1)#12Zn2N#1 110.38(7)
Zn2N 2.072(2) O(1)2Zn2N#1 109.89(7) N2Zn2N#1 80.6(1)
Zn2N#1 2.072(2)

Symmetry codes: #1: 2x, y, 2z11/2

[(phen)2Cu(µ2L)Cu(phen)2]L·11H2O 2

Zn(1)2N(1) 2.126(3) N(1)2Zn(1)2N(2) 78.2(1) N(2)2Zn(1)2O(2) 91.6(1)
Zn(1)2N(2) 2.134(4) N(1)2Zn(1)2N(3) 99.8(1) N(3)2Zn(1)2N(4) 77.9(2)
Zn(1)2N(3) 2.112(4) N(1)2Zn(1)2N(4) 173.9(1) N(3)2Zn(1)2O(1) 94.3(1)
Zn(1)2N(4) 2.143(3) N(1)2Zn(1)2O(1) 88.8(1) N(3)2Zn(1)2O(2) 148.5(1)
Zn(1)2O(1) 2.263(3) N(1)2Zn(1)2O(2) 95.0(1) N(4)2Zn(1)2O(1) 97.0(1)
Zn(1)2O(2) 2.195(3) N(2)2Zn(1)2N(3) 118.5(1) N(4)2Zn(1)2O(2) 89.7(1)

N(2)2Zn(1)2N(4) 97.9(1) O(2)2Zn(1)2O(1) 58.3(1)
N(2)2Zn(1)2O(1) 146.2(1)

Zn(2)2N(5) 2.119(4) N(5)2Zn(2)2N(6) 78.2(1) N(6)2Zn(2)2O(4) 91.9(1)
Zn(2)2N(6) 2.134(4) N(5)2Zn(2)2N(7) 98.8(1) N(7)2Zn(2)2N(8) 78.4(1)
Zn(2)2N(7) 2.127(4) N(5)2Zn(2)2N(8) 122.5(1) N(7)2Zn(2)2O(3) 93.2(1)
Zn(2)2N(8) 2.112(4) N(5)2Zn(2)2O(3) 152.2(1) N(7)2Zn(2)2O(4) 90.6(1)
Zn(2)2O(3) 2.290(3) N(5)2Zn(2)2O(4) 96.3(1) N(8)2Zn(2)2O(3) 84.4(1)
Zn(2)2O(4) 2.177(3) N(6)2Zn(2)2N(7) 176.3(1) N(8)2Zn(2)2O(4) 140.7(1)

N(6)2Zn(2)2N(8) 101.3(1) O(3)2Zn(2)2O(4) 58.4(1)
N(6)2Zn(2)2O(3) 90.5(1)

angles are given in Table 2. Crystallographic data (excluding struc-
ture factors) have been deposited with the Cambridge Crystallo-
graphic Data Centre as supplementary publication nos. CCDC
167653 ([Zn(phen)(C4H4O4)2/2](C4H6O4) (1)) and 167654
[(phen)2Zn(µ2C4H4O4)Zn(phen)2](C4H4O4)·11H2O (2)). Copies of
the data can be obtained, free of charge, on application to CCDC,
12 Union Road, Cambridge CB2 1EZ, UK, (fax: 144 1223 336033
or e-mail: deposit@ccdc.cam.ac.uk).

Results and Discussion

[Zn(phen)L2/2](H2L) (1): The crystal structure is built up by
1D 1

`[Zn(phen)(C4H4O4)2/2] chains and succinic acid mol-
ecules. As illustrated in Fig. 1, Zn21 ions are tetrahedrally
coordinated by two N atoms of one phen ligand and two
O atoms of two different succinato ligands. The Zn2O and
Zn2N bond distances are 1.962 and 2.072 Å, respectively.
The tetrahedral coordination of the Zn21 ions is severely
distorted with the smallest and largest angles of 80.6° and
126.3° for the N2Zn2N and O2Zn2O bond angles,
respectively, and the remaining bond angles close to the
value for an ideal tetrahedron. Through the bis-monodent-
ate succinato ligands, the Zn ions are linked into 1D zigzag
chains with the chelating phen ligands parallelly disposed
on both sides. The resulting polymeric chains propagate
along the [001] direction (Fig. 2). Each phen ligand of one
chain occupies the middle position between phen ligands
from adjacent chains and the interdiXXXX phen planes are
parallel to each other. The succinic acid molecules are lo-
cated between two phen ligands belonging to different
chains and are slightly tilted by 6.4(1)°. The mean in-
terplanar distance between the succinic acid and phen
planes is 3.55 Å, suggesting π2π stacking interactions [19].
For efficient stacking interactions, the tilted succinic acid
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Fig. 1 Ortep view of a section of the 1D zigzag 1
`[Zn(phen)L2/2]

chain along with a succinic acid molecule with atomic labelling.
The displacement ellipsoids are drawn at 50 % probability

plane is favored. Obviously, the succinic acid molecules
function as connectors to assemble the zigzag chains into
2D layers parallel to (100) (Fig. 2). Furthermore, the suc-
cinic acid molecules donate their hydroxyl hydrogen atoms
to the noncoordinating carboxyl O(2) atoms of neighboring
layers to form strong hydrogen bonds with d(O···O) 5
2.651 Å and /(O2H···O) 5 168°. Such interlayer hydrogen
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Fig. 2 (Top) The supramolecular assembly of the 1D 1
`[Zn(phen)-

L2/2] zigzag chains and succinic acid molecules into 2D layers paral-
lel to (100). (Bottom) Perspective view of the crystal structure of
[Zn(phen)L2/2](H2L) with hydrogen bonds indicated by dashed lines
(H atoms are omitted)

bonds lead to a stacking of the 2D layers in the crystal
structure (Fig. 2).

[(phen)2Zn(µ2L)Zn(phen)2]L·11H2O (2): Different from
1, Zn21 ions in this complex are surrounded by two O
atoms of one succinato ligand and four N atoms of two
phen ligands, resulting in a strongly distorted octahedral
coordination with d(Zn2O) 5 2.17722.263 Å and
d(Zn2N) 5 2.11222.143 Å (Table 2). The succinato group
bis-bidentately bridges two Zn ions to form dinuclear
[(phen)2Zn(µ2L)Zn(phen)2]21 complex cations (Fig. 3).
The resulting complex cations, succinate anions and water
molecules build up the crystal structure of 2. Fig. 4 displays
an interesting arrangement of the complex cations in the
(100) plane. Each complex cation has six neighbors and the
void space between two chelating phen planes within the
cation is filled with two phen ligands of different neighbor-
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Fig. 3 Ortep view of the dinuclear [(phen)2Zn(µ2L)Zn(phen)2]21

complex cation with displacement ellipsoids (45 % probability) and
atomic labelling

ing cations. Such an arrangement may have to do with π2π
stacking interactions, since the interplanar phen-to-phen
distances vary from 3.31 Å to 3.88 Å. The interplanar dis-
tances between the symmetry related phen ligands are
smaller than those between crystallographically distinct
ones. For the π2π stacking interacted phen ligands, the
crystallographically equivalent phen planes face each other
antiparallelly, but the dihedral angles between the crystallo-
graphically distinct phen ligands range from 13.6° to 14.4°.
Based on such π2π stacking interactions, the divalent cat-
ions are assembled into positively charged 2D layers, be-
tween which the negatively charged hydrogen bonded 2D
network formed by the noncoordinating succinate anions
and water molecules are sandwiched. In addition, the hy-
drogen bonds reinforce the connection between the posi-
tively and negatively charged layers.

According to the above structure description, succinato
groups exhibit two bridging fashions. In 1 the bis-monod-
entate succinato groups and coplanar succinic acid mol-
ecules coexist. The succinato ligands are crystallograph-
ically imposed by the 1̄ symmetry with all non-hydrogen
atoms in a common plane and assume trans conformation.
In 2, however, each carboxylate group of the succinato li-
gand chelates one Zn ion. Such bis-bidentate bridging li-
gands adopt also trans conformation with the backbone C
atoms in a plane, from which the chelating carboxyl planes
containing C(49) and C(52) are rotated away by 39.0° and
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Fig. 4 The supramolecular assembly of the dinuclear [(phen)2-
Zn(µ2L)Zn(phen)2]21 complex cations into a 2D layer on the basis
of the intermolecular π2π stacking interactions (H atoms are omit-
ted)

31.1°, respectively. The noncoordinating succinate anions
are twisted and assume gauche conformation with a torsion
angle of 114.0(8)° for the C chain.
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