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a  b  s  t  r  a  c  t

In order  to further  design  and  successfully  prepare  for  the  functional  metal-organic  framework  materials,
it is essential  to  understand  the fundamental  correlations  between  the  composition,  physical  properties
and  topology  of  the  underlying  nets.  In  this  review,  we  focus  on  recent  advances  in metal-organic  frame-
works  (MOFs)  that  possess  more  common  non-zeotype  4-connected  topological  nets  (such  as sql,  kag,
nbo,  lvt,  cds,  qtz,  dia,  lon,  pts,  etc.),  and  discuss  the synthetic  strategies  of  non-zeotype  4-connected
MOFs  and  their  related  properties.  In particular,  we emphasize  how  to  establish  basic  design  princi-
ples  and  synthetic  methodology  to construct  the  same topological  MOFs  with  different  functions  using
specifically  designed  organic  linkers.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Metal-organic frameworks (MOFs) have recently emerged as a
novel class of promising inorganic–organic hybrid materials for
diverse structure-related applications [1–7]. Conceptually, MOFs
are crystalline porous materials built from metal ions/polynuclear
building units connected by polytopic organic linkers. Their exact
structures and physical properties associated with their structural
features can be well characterized by advanced diffraction tech-
niques, spectroscopic methods and theoretical simulations [8–10].
To some extent, MOFs have higher a degree of designability and
adjustability in their structures and functions, as well as acceptable
thermal stability when compared with other porous solid materi-
als such as zeolites. Insufficiency and disfigurement problems have
been associated with zeolite porous materials in the chemical pro-
cess. Whereas the MOFs as novel functional materials, especially
for those possessing analogous zeolite 4-conncected topological
net, have shown superior properties. Thus, the exploration of their
performance for practical applications is attracting intense interest
in the fields of chemistry, chemical engineering, materials science,
and others [11]. In principle, diversified structures of MOFs are usu-
ally assembled by the metal ions (or transition-metal carboxylate
clusters as secondary building units (SBUs)) and bridging organic
tectonics utilizing different synthetic strategies [12–14]. However,
designing a target structure with specific properties is always very
difficult, in comparison with a typical organic reaction. Moreover,
these complex structures are usually showing complicated struc-
tures that are linking with special properties. Therefore, it is very
important to understand the fundamental correlations between
their composition, physical properties and topology of the under-
lying nets.

In the assembly process of various MOFs, topological control
has served as a facile and effective approach to guide the direct-
synthesis of functional MOFs with desirable features [15]. That
is, the topology analysis could simplify complicated structures
to straightforward networks and help one to analyze the pack-
ing trends of diverse MOFs [16]. Furthermore, understanding the
structural topology will help on the structural design of new func-
tional MOFs [17]. IUPAC approved Structure Commission of the
International Zeolite Association assigned three letter codes to
each unique zeolite structure and published them in a web-based
database, O’Keeffe, Yaghi and co-workers have also adopted three
letter codes for each net in MOFs that corresponding to a similar
system used for zeolites. Accompanied by the rapid development
of MOFs, a variety of network topologies have been discovered,
such as 3-, 4-, 6-, 8- and even higher-connected and mixed-
connected networks [18,19]. Among them, nodes of 4-connectivity,

possessing zeolite analog structures, are very common in crys-
tal chemistry and various kinds of such net topologies have been
realized by 3D coordination networks [20,21]. Significantly, such
exceptional nets not only possess fascinating structures but also
show excellent properties for potential applications in the area of
gas storage, separation, luminescence and magnetism. Some early
monographs [22], though, have briefly mentioned those different
4-connected topological types; they are very limited due to fewer
available entries. Some other reviews focused on 4-connected zeo-
type MOFs have also been published [23,24]. In this context, a
further summary for MOFs with non-zeotype 4-connected topolo-
gies, particularly for their design strategies, is vitally essential for an
in-depth investigation of these structure-related materials. In this
review, we  do not intend to provide a comprehensive collection of
literature, but to focus on the progress in the design, synthesis, and
properties of such non-zeotype 4-connnected MOFs with selected
representative examples from the literature, which, in some extent,
may  be applied as a feasible approach in preparing such crystalline
materials in the future.

2. Building strategy of 4-connected nets

According to the principle of topology, many high dimensional
MOFs can be simplified with diverse topological nets considering
the single metal ions (or metal clusters) as “nodes” and organic
ligands as “linkers” through coordination bonds. From the view-
point of tectonics, the prerequisite constituents of constructing
4-connected nets are the organic linkers and metal ions possessing
4-connected nodes, or 2-conneted metal linker associating with 4-
connected organic nodes as well as the metal ions as 4-connected
nodes and organic ligands as 2-conneted linkers, respectively
(Chart 1), which should be pre-designed using the organic ligands
and metal ions in the assembly process of 4-connected MOFs. These
factors will be summarized and discussed in the following.

2.1. The typical non-zeotype 4-connected nets

The assembly of a zeotype framework is based on the connec-
tivity between tetrahedral nodes. Moreover, there are a number
of non-zeotype 4-connected networks built from square nodes or
tetrahedral nodes or mixed square and tetrahedral nodes (Chart
2). Over twenty types of 4-connected 3D nets have been observed
in the assembly of MOFs, such as dia, nbo, cds, pts,  sra,  sod, qtz,
crb, gis,  lon, irl,  pcb, pcl, neb, unh, cag, gsi,  mmt, zni,  lvt,  tcb,  ptt,
mog, asv, etc. Other two  common 2D 4-connected underlying nets,
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