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A new type of 1D infinite inorganic [n]catenane framework was

self-assembled by silver nitrate and bis(2-methylimidazolyl)-

methane, while a comparatively one-dimensional zigzag

cationic chain was generated by AgNO3 and bis(imidazol-1-yl)-

methane

Self-assembled supramolecular architectures are currently of great

interest due to their intriguing network topologies and their

potential applications in microelectronics, nonlinear optics, porous

materials, and other technologies.1–7 Although the self-assembly of

these architectures is mainly controlled by the coordination

nature of the metal ions and the ligand’s structure, it is also

influenced by other factors such as solvent system, templates and

counterions.8–10 Silver ion is a favorable and fashionable building

block or connecting node for coordination polymers, not only due

to that it is easy to coordinate to N- or S-containing ligands, but

also because the closed-shell d10 Ag–Ag interaction can often give

rise to intriguing supramolecular motifs. Many interesting

structures with various geometrical features based on the self-

assembled networks of silver are well documented.11,12

Catenanes are an interesting class of compounds with

intertwined rings. They have attracted considerable attention from

supramolecular chemists due to their novel topological structures,

intricate self-assembled process and potential applications in

molecular devices. Especially, there is a big challenge for synthetic

chemists using classical synthetic routes and methods.13 Although

a diversity of interlocked catenanes have been prepared using

various synthetic strategies with their physical and/or chemical

properties examined in recent years,14–16 most of them are based

on organic skeletons,17 and only a few examples of inorganic

[2]catenanes containing metals have been reported.18–20 To the

best of our knowledge, no infinite inorganic [n]catenane frame-

works with silver have been documented so far. In this

contribution, we report the preparation and X-ray crystal

structure of a new example of inorganic [n]catenanes formed

through the self-assembly of AgI and bis(2-methylimidazolyl)-

methane ligand, namely, [Ag4L24(NO3)4(H2O)3]n (2), L2 =

bis(2-methylimidazol-1-yl)methane.

Jung’s group has demonstrated that a series of (n-Py)2X (n = 2,

3; X = O, S, Si) linkers are useful tectonics for various functional

structures.21 Encouraged by their elegant work, we prepared two

ligands L1 (BIM, bis(imidazol-1-yl)methane) and L2 [mBIM,

bis(2-methylimidazol-1-yl)methane], both bearing two imidazole

moieties bridged by a single methylene group.

The slow diffusion of AgNO3 with L1 in water and ethanol

produced colorless crystals 1, which are air-stable and insoluble in

water and common organic solvents.{ Single-crystal X-ray

diffraction analysis reveals that AgI in complex 1 is bound by

two N-donors from imidazolyl rings of two independent BIM

ligands which act as bridges between silver(I) centers, thus

generating one-dimensional zigzag chain polymeric propagation

as shown in Fig. 1(a). AgI ion is in a slightly distorted linear

coordination mode with the bond angle of N(2A)–Ag(1A)–N(10B)

being 174.23(6)u. The bond lengths Ag(1A)–N(2A) and Ag(1A)–

N(10B) are 2.1038(16) and 2.1050(16) Å, respectively. The dihedral

angle of the two imidazole rings in the same ligand is 69.7u.
Meanwhile, the coordination 2D layer networks were formed

through two nitrate anions bridging two AgI with bond lengths

Ag(1A)–O(3B), Ag(1A)–O(2A) and Ag(1A)–O(2B) of 3.059, 3.382

and 2.955 Å, respectively. (Fig. 1(b)) The closest Ag(1A)… Ag(1G)

separation in the proximal zigzag chains is 3.859 Å, which is longer

than the summed van der Waals radius of two silver atoms

(3.44 Å), indicating there is no direct interaction between two AgI

ions in different cationic chains. The thermogravimetric analysis

(TGA) of 1 under nitrogen atmosphere demonstrated a two-step

weight loss process. The former step occurs in the range 94–144 uC
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Fig. 1 (a) A part of the 1D cationic chain with zigzag structure in 1. (b)

2D layer networks in 1. Symmetry codes: (i) x 2 1/2, 1/2 2 y, 1/2 + z; (ii)

1/2 + x, 1/2 2 y, z 2 1/2.
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with a weight loss of 23.5% while the latter step occurs in the range

299–322 uC with a weight loss of 44.8%.

Interestingly, when L2 was used instead of L1 for the reaction

with AgNO3 under the otherwise identical conditions, a new type

of infinite inorganic 1D [n]catenane 2 was obtained.{ There are

two slightly different types of 32-membered macrometallacycles in

the 1D chain (Fig. 2(a)). In one type of 32-membered

macrometallacycle, the AgI ions is coordinated by two imidazole

nitrogen atoms from different L2 ligands in a distorted

linear fashion with N–Ag–N bond angles of 164.72 and 176.48u
and Ag–N bond lengths of 2.109 and 2.116 Å, respectively. The

dihedral angle of the two imidazole rings in the same ligand is

105.8u. In this way, every four silver ions and four ligands bridge

each other alternately to form a 32-membered macrometallacycle

with an Ag(3A)–Ag(3B) and Ag(4A)–Ag(4B) separation of

10.958 6 14.646 Å (Fig. 3). Each ring was further bridged by

NO3
2 anions weakly coordinated to AgI ion to form a one-

dimensional chain of supramolecular squares with the nearest AgI

separation distance of 3.859 Å in neighboring rings (Fig. 3). In

another type of 32-membered macrometallacycle, each AgI ion is

coordinated by two imidazole nitrogen atoms with N–Ag–N bond

angles of 164.75 and 177.91u, and Ag–N bond lengths of 2.077 and

2.094 Å, and the dihedral angle of the two imidazole rings in the

same ligand is 68.7u. Cyclic self-assembly leads to a 32-membered

macrometallacycle with an Ag–Ag separation of 11.187 6
14.025 Å, with an AgI separation distance of 3.875 Å in

neighboring rings.

Of most interest is the observation that the two types of

macrometallacycle squares are interlocked by each other with a

dihedral angle of 48.3u, to form an infinite [n]catenane structure

with the Ag–Ag distance being 3.656 Å between each pair of

interpenetrated macrometallacycles (Fig. 2(a)). The Ag(1) and

Ag(4) atoms lie on mirror planes and Ag(2) and Ag(3) lie on

twofold axes. Although there have been reported in the literature a

few examples of discrete supramolecular squares formed through

tetranuclear self-assembly of AgI cations and suitable ligands,22

compound 2 in this work, to the best of our knowledge, is the first

example of an infinite inorganic [n]catenane framework.

Thermogravimetric analysis (TGA) shows that 2 displayed a

weight loss of 19.5% in the range 96–132 uC. A further weight loss

of 47.2% proceeds in the temperature range 276–289 uC.

It is noteworthy that the striking structural difference between

compound 1 and 2 is simply caused by a subtle difference in the

ligand structure, i.e., the presence of methyl groups in the

2-positions of the imidazole moieties in L2. Further work is in

progress to evaluate the influences of ligand structure modifica-

tions and different anions on the resulting supramolecular

structures as well to elucidate the mechanism of inorganic

[n]catenane formation, with potential applications in molecular

devices.

In summary, the present work has shown that a 1D infinite

inorganic [n]catenane framework can be constructed from silver

nitrate and the ligand 2-mBIM.
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F(000) = 2848, GOF = 1.008, 23676 reflections 4483 unique (Rint = 0.1191),
R = 0.0769, wR = 0.2123. CCDC 613418. For crystallographic data in CIF
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Fig. 2 (a) A part of the 1D infinite inorganic [n]catenane structure in 2.

Anions and hydrogen atoms are omitted for clarity. Symmetry codes: (i) x,

1 2 y, z; (ii) 1 2 x, y, 1 2 z; (iii) x, z 2 y, z. (b) Molecular tectonics of the

1D infinite [n]catenane cationic chain in 2. Two different types of rings are

present with a dihedral angle of 48.3u.

Fig. 3 An unprecedented 1D supramolecular chain of a 32-membered

macrometallacycle formed through self-assembly of silver ion and L2; the

NO3
2 anions are disordered. All hydrogen atoms are removed for clarity.

Symmetry codes: (i) x, 1 2 y, z; (ii) 1 2 x, y, 1 2 z; (iii) x, z 2 y, z.
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