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A chiral heterometallic complex, obtained from the solvothermal
reaction of [Zn(4-pytpy)2](BF4)2 [4-pytpy ) 4′-(4-pyridyl)-2,2′:6′,2′′-
terpyridine] and CuCN, exhibits a rare self-catenated network
formed by two 3D cationic and one 3D anionic frameworks.

Entangled systems have been achieving rapidly increasing
attention not only for their complicated and even aesthetic
architectures and topologies1 but also for their potential
application in functional materials.2 It is well-known that
catenanes, rotaxanes, and molecular knots occupy important
places in the area of molecular entanglement.3 Interpenetrat-
ing network structures, regarded as “infinite, ordered poly-
catenanes or polyrotaxanes”,3a are characterized by the
presence of two or more independent frameworks that are
inextricably entangled through the rings belonging to one
framework. Ifn-fold interpenetrating networks are connected
by bridging ligands or hydrogen bonding/weak interactions,
another intriguing type of entanglement, self-penetration, can
be achieved. Thus, self-penetration is a single network having

the peculiarity that the smallest topological rings are
catenated by other shorter rings belonging to the same net.
Although many self-catenated nets exhibiting various topolo-
gies and/or chemical compositions have been reported, few
examples of self-catenated structures containing both 3D
cationic and anionic coordination polymer aggregates were
reported up to now, especially those exhibiting chiral
properties. Therefore, the strategy to construct self-catenated
networks composed of cationic and anion frameworks is still
a puzzle to be revealed.

Moreover, heterometallic coordination complexes prepared
by step synthesis have drawn increasing attention. Polyden-
tate ligands are chosen in the first step synthesis of
metalloligands because they chelated metal ions firmly, and
then the free coordination sides can combine other metal ions
to form the resulting complexes. This approach is extremely
modular because the use of different metal ions and ligands
will afford metalloligands with different geometries and
spectroscopic characteristics, giving rise to heterometallic
complexes with a variety of structures and physical proper-
ties, such as their porous,4 incorporating magnetic,5 and
fluorescence properties.6* To whom correspondence should be addressed. E-mail: dli@

stu.edu.cn.
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Herein, a new d10-d10 heterometallic complex [ZnCu-
(CN)2(4-pytpy)]2[Cu6(CN)8] [1; 4-pytpy) 4′-(4-pyridyl)-2,2′:
6′,2′′-terpyridine] was obtained by a solvothermal reaction
of copper(I) cyanide with presynthesized [Zn(4-pytpy)2]-
(BF4)2 in a molar ratio of 8:1 at 140°C.7 In the starting
reactant [Zn(4-pytpy)2](BF4)2, as a metalloligand, each
terpyridine ligand chelates a ZnII ion using tridentate pyridyl
sites to form a monomer, leaving the pendent monodentate
pyridyl site for further coordination. The product is very
stable in air and began to decompose when heated to as high
as 320°C (Figure S1 in the Supporting Information).

Single-crystal X-ray diffraction8 shows that the asymmetric
unit of 1 contains four Cu and one Zn crystallographically
nonequivalent atoms (Figure 1a). The four monovalent Cu
atoms all exhibit three-coordination geometries. The Cu1
atom is coordinated by the N atom from the pendent
monodentate pyridyl of 4-pytpy and CN- anions to give a
trigonal geometry. The Cu2 atom is coordinated by CN-

anions in an angular geometry [C25-Cu2-C23 135.1°]. The
Cu3 and Cu4 atoms are both coordinated by CN- anions to

complete the trigonal environment. Meanwhile, Zn1 in an
almost square-pyramidal geometry is bound by two CN-

anions and three N atoms from 4-pytpy.9 This is due to the
facts that one 4-pytpy was broken off from [Zn(4-pytpy)2]-
(BF4)2 and the ZnII vacant sites were approached by CN-

anions during the synthesis.
As a whole, complex1 consists of three separated

components: two cationic frameworks [ZnCu(CN)2(4-
pytpy)]+ and one anionic framework [Cu6(CN)8]2- (Figure
1b). The cationic framework contains a 1D right-handed
mixed-metal (Zn and Cu) cyanide helix [ZnCu(CN)2]+

(Figure 2a) and is then linked by 4-pytpy to extend to a 3D
framework (Figure 2b). The framework can be abstracted
into a uninodal bto network [or the vertex symbol of (10)-
(102)(102)] by denoting the Cu and Zn atoms as 3-connected
nodes and CN- anions and 4-pytpy as spacers (Figure S2 in
the Supporting Information). Two identical cationic 3D
frameworks interpenetrated, mutually incorporating a 2-fold
interpenetration structure (Figure 2c). In the anionic frame-
work [Cu6(CN)8]2-, six Cu atoms and six CN- anions form
a six-CuCN ring (upper component in Figure 1b). The rings
(golden in Figure 3) are linked by CN- anions (purple in
Figure 3) to extend to a 3D network, a binodal network of
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Figure 1. (a) Coordination environments of Cu and Zn atoms in1. (b) 1:
one anionic component [Cu6(CN)8]2- (upper) and two cationic components
[ZnCu(CN)2(4-pytpy)]+ (lower) linked by Cu‚‚‚Cu and Cu‚‚‚C interactions
(green dotted lines).

Figure 2. (a) Single right-handed [ZnCu(CN)2]+ helix in the cationic
framework [ZnCu(CN)2(4-pytpy)]+. (b) 3D cationic framework constructed
of [ZnCu(CN)2]+ helices (red) and 4-pytpy linkers (black). (c) 2-fold
interpenetration (red and blue) of 3D cationic frameworks.

Figure 3. 3D anionic framework [Cu6(CN)8]2- constructed of six-CuCN
rings (golden) and CN- linkers (purple).
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(4,162)(4,162), by treatment of the Cu3 and Cu4 atoms as
3-connected nodes and CN- anions and Cu-C/N as spacers
(Figure S3 in the Supporting Information).

Interestingly, 1 can be described as a 3-fold hetero-
interpenetrating structure with two 3D cationic [ZnCu(4-
pytpy)(CN)2]+ and one anionic [Cu6(CN)8]2+ frameworks10

(Figure 4). In this structure, interactions exist between Cu
atoms and the adjacent N and Cu atoms. The Cu‚‚‚C/N
and Cu‚‚‚Cu distances of 2.547(1) and 2.639(1) Å, respec-
tively, are below the sum of their van der Waals radii, 2.95
and 2.80 Å, respectively. Taking the interactions into account,
the structure clearly exhibits a self-catenated network because
it is generated from the cross-linking of two 3D cationic and
one 3D anionic frameworks through Cu‚‚‚Cu and Cu‚‚‚C
interactions. When Cu1 is denoted as a 4-connected node
and other metal atoms are denoted as 3-connected nodes,
the framework can be abstracted into a 5-nodal
net of (103)(106)(6,10,12)(6,102)2. The schematic representa-
tion of the network also reveals that it is a self-catenated
network, and some of the shortest circuits of the net-
work are penetrated by links in the same network. As
highlighted in Figure S4 in the Supporting Information,
there are 10-membered shortest circuits that are penetrated
by one rod.

Because the infinite [ZnCu(CN)2]+ chains in the cationic
framework gave rise to helices with the same right-handness,
we referred to the net as a whole in this case as being “right-
handed”. However, the chirality of the crystals of the
complex was further confirmed by solid-state circular dichro-
ism (CD) spectroscopy (Figure S5 in the Supporting Infor-
mation), which showed no evident signal in this complex,
suggesting that the preference for a particular chirality was
roughly 1:1. As a result, the complex is a racemate.

Examples of self-interpenetrating frameworks cross-linked
by weak interactions are really few.11 Most reported self-
catenated coordination polymers are constructed of neutral
networks. The only interpenetrating network containing both
cationic and anionic components is a 4-fold structure
comprising 2-fold interpenetrating anionic networks and
2-fold interpenetrating cationic ones reported by Zheng et
al.12 Hence, our work represents the first example of a chiral
self-catenated structure generated from 3D cationic and
anionic frameworks.

In summary, we have prepared a rare chiral self-catenated
structure formed through cross-linking of two cationic and
one anionic networks connected by ligand-unsupported
Cu‚‚‚Cu and Cu‚‚‚C interactions. The successful obtainment
of this type of network provides a remarkable example of
an entangled system.

Acknowledgment. We gratefully acknowledge the fi-
nancial support provided by the National Natural Science
Foundation of China (Grants 20571050 and 20271031) and
the Natural Science Foundation of Guangdong Province of
China (Grant 021240).

Supporting Information Available: Crystallographic data in
CIF format and thermogravimetric analysis and figures showing
the topology and solid-state CD spectrum of the complex in PDF
format. This material is available free of charge via the Internet at
http://pubs.acs.org.

IC070250H

(10) Baburin, I. A.; Blatov, V. A.; Carlucci, L.; Ciani, G.; Proserpio, D.
M. J. Solid State Chem.2005, 2452.

(11) (a) Niel, V.; Thompson, A. L.; Munoz, M. C.; Galet, A.; Goeta, A.
E.; Real, J. A.Angew. Chem., Int. Ed.2003, 42, 3760. (b) Tong, M.-
L.; Chen, X.-M.; Ye, B.-H.; Ji, L.-N.Angew. Chem., Int. Ed.1998,
38, 2237. (c) Larsson, K.; Ohrstrom, L.CrystEngComm2004, 6, 354.
(d) Jensen, P.; Batten, S. R.; Moubaraki, B.; Murray, K.Dalton Trans.
2002, 3712.

(12) Liang, K.; Zheng, H. G.; Song, Y. L.; Lappert, M. F.; Li, Y. Z.; Xin,
X. Q.; Huang, Z. X.; Chen, J. T.; Lu, S. F.Angew. Chem., Int. Ed.
2004, 43, 5776.

Figure 4. 3-fold interpenetration structure derived from two cationic
frameworks (red and blue) and one anionic framework (golden) connected
by Cu‚‚‚Cu and Cu‚‚‚C interactions (green).
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