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a b s t r a c t

This review article focuses on the development of coordination polymers based on tetrathiafulvalene and
its derivatives. We aim to demonstrate novel opportunities for these coordination polymers in terms of
their architectures and potential applications. The review is presented in five general sections according
to the type of coordinating functional group in the organic linkers. Synthetic approaches, structural anal-
yses, as well as physical and chemical properties are presented for each example. Valuable potential
applications and perspectives for these novel materials are also discussed.
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1. Introduction

Coordination polymers (CPs) are intriguing metal–organic
hybrid materials. In CPs, metal ions or metal-containing clusters
act as nodes, and organic ligands act as spacers, both of which
are linked via coordination bonds to form one-, two- or three-
dimensional extended structures [1,2]. When (permanent) poros-
ity is present, CPs are referred to as either metal–organic frame-
works (MOFs) or porous coordination polymers (PCPs) [3,4]. The
design and study of multifunctional CPs possessing multiple acces-
sible properties has attracted enormous attention owing to their
potential applications in a plethora of areas, including sensing,
solar energy harvesting, and energy storage, etc. [5–7]. One of
the key advantages of CPs is their structural modularity which
can be designed according to targeted physical and chemical prop-
erties by combining metal ions and organic ligands with appropri-
ate geometries and functionalities [8–10]. Realizing the
coexistence or cooperativity between the desired properties is still
a major challenge for chemists working in this area.

Functional CPs can be rationally designed by using organic
ligands with certain desirable properties such as redox activity. A
promising candidate is tetrathiafulvalene (TTF, C6H4S4, Scheme 1),
which has been well studied as a critical component of conductive
and optoelectronic materials [11–14]. TTF is a sulfur-rich conju-
gated molecule with two reversible and easily accessible oxidation
processes to its radical cation (TTF+�) and dication (TTF2+) states.
With TTF derivatives as ligands, redox-active and redox-
switchable CPs may be realized [15,16]. Owing to the electron-
rich character of TTF, which renders it a good electron donor,
numerous organic charge transfer compounds incorporating the
TTF core have been investigated for their potential application in
electrochromic materials, electrocatalysis and photoconductive
switches [17–19]. In addition, TTF moieties can form p� � �p stacked
columns with relatively short S���S interactions, which have been
shown to facilitate efficient pathways for charge transport [20–
23]. Recent studies have shown TTF-based CPs to exhibit high elec-
trical conductivity or high charge mobility – properties which are
highly desirable in new electronic materials towards applications
in semiconductor and/or optoelectronic devices [9,14,24]. If con-
ductivity is combined with the added virtue of porosity of MOFs,
TTF-supported CPs could find uses in fields outside traditional
areas such as gas storage and separation, including batteries,
supercapacitors and electrochemical sensors [25,26]. Moreover,
the incorporation of magnetic spins such as paramagnetic ions
with electrochemically-active TTF units allows for the develop-
ment of novel multifunctional materials such as magnetic semi-
conductors or magnetic conductors that have potential
applications in spintronics [27–30]. Taken together, the two highly

reversible electron oxidation processes, and the well characterized
electrochemical and spectral properties make TTF-based com-
plexes attractive motifs for multifunctional materials.

Herein, we provide an overview of TTF-based CPs constructed
from the most recurrent transition metals – namely copper, man-
ganese, zinc, cadmium, cobalt, calcium, magnesium silver and iron
– that have been prepared and characterized in the past two dec-
ades. The review is presented in five sections according to the type
of coordinating functional groups in the organic linkers. For each
compound, the synthesis, major structural features, and, whenever
investigated, its functional properties are presented. Valuable
potential applications and perspectives on these novel materials
are also discussed. For the sake of legibility, all of the materials
described are collected in Table 1.

2. Overview of TTF-based linkers

The important characteristics of TTF-based linkers are rigidity,
the number and orientation of binding sites (coordination numbers
and coordination geometries), the relative distance(s) between the
coordinating functionalities, and the nature of the functionalities
present (i.e., the presence of additional heteroatoms, aromatic
rings, alkyl chains). In order to promote the construction of mate-
rials which have infinite expansion in three dimensional coordina-
tion space, the ligands must be multidentate with at least two
coordination sites. Finally, the ligands can be symmetric, asymmet-
ric and/or chiral, which give rise to a vast array of coordination
modes and topologies. Common TTF-based organic molecules or
building blocks which are discussed in this review are shown in
Fig. 1, and the auxiliary ligands are shown in Fig. 2.

3. TTF-carboxylates

3.1. TTF-dicarboxylates

Direct coordination of TTF carboxylates to paramagnetic metal
ions has proven to be a favorable strategy for constructing new
CPswithmultiphysical properties. The cobalt coordination polymer
containing a TTF-dicarboxylate ligand, {[Co2(trioTTF)2(H2O)6]�
5H2O}n (1) (trioTTF = 2-(5,6,8,9,11,12,14,15-octahydro-[1,3]dithiol
o[4,5-h][1,4,13,7,10]trioxadithiacyclopentadecin-2-ylidene)-1,3-di
thiole-4,5-dicarboxylate) was reported and exhibits a 1D structure
with interchain S� � �S interactions between trioTTF units at a dis-
tance of 3.565 Å (Fig. 3) [31]. The carboxylate groups bridge Co(1)
and Co(2) via a g2-COO� coordination mode which gives rise to
the 1D chain structure. Due to the weak interchain S� � �S and
p� � �p interactions between the trioTTF groups, as well as the neu-
tral oxidation state of TTF moieties, the room temperature conduc-
tivity of the compound is 2.9 � 10�10 S�cm�1 which is in the range
for insulators. The magnetic properties of compound 1were indica-
tive of ferromagnetic interactions between the intrachain CoII cen-
ters below 16 K, likely facilitated by p-d interactions between the
metal ions and trioTTF linkers. Due to limited magnetic ordering
in 1 between 300 and 225 K, no appreciable magnetic effect on
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Scheme 1. Structure of TTF.
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