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ARTICLE INFO ABSTRACT
Article history: Coordination polymers (CPs) have gained a great deal of attention over the years because of their bene-
Received 16 June 2017 ficial uses in catalysis, drug-delivery, and energy storage and separation. Recent research efforts have

Accepted 16 September 2017 been devoted to architecting CPs that satisfy the needs of applications that have recently been developed.

Herein, we announce a survey of the latest developments in the synthesis of Prussian blue (PB) and
Prussian blue analogues (PBAs) cyano-bridged CPs. The recent synthetic concepts and the modest control

Keywords: over the shape and size of particles are demonstrated to the present. Various ways have been taken to
Prussian blue analogues construct nanostructured inorganic materials from PB and PBAs. We surveyed one such example: the
Nanostructures o . . . .
Annealing thermgl decomposition of these matgrlalhs in Filfferent env1ronmgnts. The regulated thermgl treatment
Nanoporosity of their nanostructures as precursors, in air or inert atmosphere, yields nanoporous metal oxides and car-
Metal oxides and carbides bides or alloys, respectively. The resulting metal frameworks participate as metal sources, and the organic
Alloys components, which can be removed by a simple process of calcination, produce pores. The original mor-
phologies are almost retained, even after the thermal treatments. This strategy has proved to be a promis-
ing solid-state chemistry for the fabrication of nanoporous metal oxides and carbides or alloys with the
similar morphology.
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1. Introduction

The growing needs of nanoporous inorganic structures and/or
organic blocks with defined compositions, excellent morphologies,
and monocrystalline frameworks are stimulating scientists to find
easy and new synthetic methods. To this end, coordination poly-
mer assemblies (CPs), including porous coordination polymers
(PCPs) and metal-organic frameworks (MOFs), have undergone
extensive study in recent times. Such studies, which have recently
increased rapidly, attract the interest in the area of industrial
chemistry and the fields of materials science and engineering.
These materials have definite compositions of metal cations, which
act as nodes that are linked by organic or inorganic ligands that act
in turn as bridges or linkers. They have recently gained much
attention because they are a novel class of nanoporous materials.
The materials can be used as potentials in many applications, such
as advanced catalysis [1], drug delivery systems over prolonged
times [2], energy conversion and storage systems [3], fluorescence
sensing [4], synthesis and separation [3,5], and so on. They satisfy
the requirements of the fast development of the aforementioned
applications because of their interdisciplinary nature, structural
diversity, and excellent physical and chemical properties such as
high specific surfaces areas [6], porosity [7], tunable fluorescence
[8], electrochemical activity [9], magnetic susceptibility [10],
adsorption [3,11], biocompatibility [12], and selectivity [13].

PCPs are particularly attractive in this sense. Many attempts
have been made to design them with various compositions and
morphologies so as to improve their physical and chemical proper-
ties. Because of their functionality and the regularity of their por-
ous shapes and sizes, PCPs are useful in separation, condensation,
storage, catalysis, polymer synthesis, and switching (Fig. 1) [14].
Various PCPs, with different morphologies, have been reported to

\=,

N SZN
QJ/ Self-assembly i ,-\’
Metal ion |
[ S—— ==
Ligand PCP

Fig. 1. Architecture of porous coordination polymers (PCPs) and their diverse
functions in separation, storage, condensation, catalysis, switching, and polymer
synthesis [14].

Metals < - Ligands

Ligands\

Fig. 2. Illustration of 1-, 2-, and 3-dimensionality of coordination polymers (CPs)
[19a,b].

date [15]. Their sizes and shapes can be tuned using various pre-
cursors and/or controlling the synthetic conditions. The opportu-
nity to realize a variety of metal frameworks makes it possible to
prepare large numbers of PCPs with definite compositions and fine
shapes. The final morphologies could be one- (1D) [5,10,16], two-
(2D) [17], or three-dimensional (3D) structure [18,19]. 1D
morphologies (e.g., nanotubes) extend in a straight line along
one-axis, 2D morphologies (e.g., nanosheets and nanoflakes)
extend in a plane along two-axes; and 3D morphologies (e.g., nano-
cubes) extend in all the three directions along the three-axes, as
illustrated in Fig. 2 [16-18].

1.1. Morphology, composition, and properties of PB and PBAs

Two of the known PCPs, PB and PBAs comprise of compounds
with unique properties that are useful for practical applications
to date. The general chemical formula for PBAs is described as
AM,[M,(CN)g)]-xH,0 (A corresponds to alkali metal ions (e.g.,
Na* and K*), and M and M represent transition metal cations)
[19b]. When M=M=Fe, the final composition will be Fe,[Fe
(CN)e]3-xH,0, which is generally known as PB or FeCNFe [19c]|.
PB and PBAs heterostructures represent a well-known group of
PCPs, where cyanide groups act as bridges between the transition
metal ions (M?*—C=N—M>*). There are two types of metal
centers in the octahedral sites linked through cyanide chains in
turn, as a general structural feature of PBAs. These materials are
useful for many applications, including gas storage [20], batteries
[21], catalysis [22], energy separation [23], charge transfer [24],
drug delivery [25], sensors, and environmental cleanup [26]. One
more promising application where they can be used is as precur-
sors for nanostructured inorganic materials [27]. The obtained
metal oxides or carbides preserve morphologies that are similar
to the original PB and PBAs precursors. Recently, by developing
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