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a b s t r a c t

Metal Schiff base complexes represent a class of compounds that have become a field of immense interest
because of their intriguing chemical and physical properties, and their wide-ranging applications in a
number of scientific areas. The presence of transition metal elements with a polydentate Schiff base
ligand to form metal complexes offers a good platform for combining the chemical, electronic, magnetic,
optical and redox properties of metal complexes with those of the organic materials. Metal Schiff base
complexes can be incorporated into discrete small molecules, oligomers or polymers, generating new
functional materials with useful mechanical, catalytic, thermal, chemical and optoelectronic properties.
This review presents the contemporary research development of the field, with emphasis on the funda-
mental concepts, facile tuning of the photophysical properties and possible energy-related applications of
various functional metal Schiff base complexes. To date, many soluble conjugated materials based on
metal Schiff base complexes have been generated and studied. They have found an array of energy appli-
cations, for example, as converters for light/electricity signals in organic light-emitting diodes and dye-
sensitized solar cells, energy storage and potential conductive thermoelectric materials.

� 2017 Elsevier B.V. All rights reserved.
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⇑ Corresponding authors.

E-mail addresses: zhang_jie@tzc.edu.cn (J. Zhang), xulinli@mail.ipc.ac.cn (L. Xu), wai-yeung.wong@polyu.edu.hk (W.-Y. Wong).

Coordination Chemistry Reviews xxx (2017) xxx–xxx

Contents lists available at ScienceDirect

Coordination Chemistry Reviews

journal homepage: www.elsevier .com/ locate/ccr

Please cite this article in press as: J. Zhang et al., Energy materials based on metal Schiff base complexes, Coord. Chem. Rev. (2017), http://dx.doi.org/
10.1016/j.ccr.2017.08.007

http://dx.doi.org/10.1016/j.ccr.2017.08.007
mailto:zhang_jie@tzc.edu.cn
mailto:xulinli@mail.ipc.ac.cn
mailto:wai-yeung.wong@polyu.edu.hk
http://dx.doi.org/10.1016/j.ccr.2017.08.007
http://www.sciencedirect.com/science/journal/00108545
http://www.elsevier.com/locate/ccr
http://dx.doi.org/10.1016/j.ccr.2017.08.007
http://dx.doi.org/10.1016/j.ccr.2017.08.007


4.2. Energy storage materials in batteries and supercapacitors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
5. Concluding remarks and future perspectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

1. Introduction

A major global problem confronting the world today is the
energy crisis. While the quality of life for the humankind depends
largely on the availability of energy, the world is becoming increas-
ingly dependent on new energy sources because of the upcoming
depletion of fossil fuels [1]. One of the grand challenges of this cen-
tury is to develop renewable energy systems that can give efficient
and effective utilization of energy. Renewable energy sources such
as solar power can provide a large amount of energy and could
potentially solve our immediate energy needs. There is a growing
concern that combustion of fossil fuels is causing an accumulation
of CO2 in the atmosphere, leading to many detrimental effects on
the environment. Recent predictions show that it is necessary to
find an additional 14–20 TW by 2050 when our energy reserves
based on fossil fuels are varnishing [2]. Thus, scientists are looking
for other sustainable energy sources to meet our future energy
demand and fight for a cleaner environment. There is much
research attention in developing renewable resources and improv-
ing the technologies for energy interconversions. The transforma-
tions of light into electricity (electricity generation in
photovoltaic cells) and electricity into light (light generation in
light-emitting diodes) are two important interrelated areas that
have attracted considerable research interest in recent years [3].
Coordination and organometallic compounds have been sought
and investigated for both of these transformations and these metal
complexes and polymers will undoubtedly play key roles in the
efficient production, transformation and utilization of energy [4].
The chemical and physical properties of such metal-based material
can be easily fine-tuned simply by varying its chemical structure
(both the metal center and/or organic ligand) to develop a suitable
material to fit a particular energy application.

New functional materials with tailor-made properties, low cost
and straightforward synthesis are of central importance in the topi-
cal themes of material sciences. Transition metal complexes with
interesting optoelectronic properties are increasingly used in the
design of novel functional molecular materials [5–10]. In general,
the advantages of metalation includes (i) the capability to generate
active species for charge transport through the redox activity of both
the metal atoms and the organic ligand; (ii) easy fine-tuning of the
highest occupied molecular orbital-lowest unoccupied molecular
orbital (HOMO�LUMO) energy gap through the interaction of the
d-orbitals of the transition metal with the HOMO and/or LUMO of
the ligand; (iii) high diversity of the molecular framework based
on the coordination number, geometry and valence shell of the
selectedmetal atom and (iv) improvement of the solubility and ease
of tuning the intermolecular p-stacking and/or metallophilicity in
the solid state. Among these, metal Schiff base complexes are a
broad class of compounds that have received increasing attention
due to their attractive chemical and physical properties, and their
wide-ranging applications in various fields [11–13].

The class of compounds, so-called imines, are often referred to
as Schiff bases, named after the German chemist Hugo Schiff. Schiff
bases contain the azomethine group (ARC@NA) and are typically
formed by the condensation of a primary amine with an active car-
bonyl compound [14]. They have drawn considerable research
attention of scientists owing to the ease of synthesis and metal
complexation. Transition metal complexes of N2O2 Schiff base
derived from salicylaldehyde and diamines have attracted intense

interest as a promising class of luminescent materials [12]. Among
these, metalated N,N0-bis(salicylimine)-1,2-ethylenediamine
(salen), I (abbreviated as [M(salen)]), is the prototype of this
family of compounds, which are known to exhibit intriguing
electroluminescent (EL) [12], nonlinear optical (NLO) [15] and
catalytic properties [16,17]. Other related compounds, such as
[M(salphen)] II (salphen = N,N0-bis(salicylimine)-1,2-phenylenedia
mine), [M(salpn)] III (salpn = N,N0-bis(salicylimine)-1,3-propane
diamine) and [M(salen-Me4)] IV (salen-Me4 = N,N0-bis(salicyli
mine)-1,1,2,2-tetramethylethylenediamine) (Fig. 1), demonstrate
the breadth of chemical structures available for this class of mole-
cules, which possess the central N2O2 binding pocket formed by
two imines and two phenoxides [13]. In the past few decades,
because of their preparative accessibility and high thermal stabil-
ity, M(salen)-type motifs have been commonly introduced into
small discrete molecules, oligomers and polymers in the hope of
generating new functional materials with desired features [12,13].

In this review, we highlight the types and photophysics of var-
ious metal Schiff base systems, with special emphasis placed on
those with transition metal elements such as platinum(II), nickel
(II) and zinc(II). As the synthetic chemistry of metal Schiff base
complexes is prevalent, the study of their photophysical and elec-
tronic properties would provide a good access to new classes of
functional molecular materials of practical interest. A survey of
the reported metal Schiff base compounds for various energy-
related applications is summarized here, which are useful for
organic light-emitting diodes (OLEDs), dye-sensitized solar cells,
energy-storing and potential thermoelectric applications.

2. Electrical to light energy conversion in organic light-emitting
diodes

Recent research on organic light-emitting diodes (OLEDs) has
been focused on devices composed of thin films containing
organometallic molecules that can directly convert electricity into
light [18–20]. OLEDs have the great potential of revolutionizing
display technologies in the scientific community. The key advan-
tages of OLEDs for flat-panel display applications are their self-
emitting property, high luminous efficiency, full color capability,
wide viewing angle, high contrast, low power consumption, low
weight, potentially large-area color displays and flexibility [21].
They are also more energy-efficient and are generally lower in cost
than liquid crystal displays (LCDs). In view of this, the rapidly
growing market for OLED technology is driving both the academic
and industrial sectors toward the development of new functional
materials for advanced manufacturing technology. Heavy metal
complexes have recently gained tremendous research interest for
fabricating highly efficient phosphorescent OLEDs by taking advan-
tage of the 1:3 exciton singlet/triplet ratio predicted by simple spin
statistics [18–21]. These phosphorescent emitters are mainly
derived from the family of the third-row transition metal (Re(I),
Os(II), Ir(III) and Pt(II)) complexes [22–24], although examples
with some second-row transition metals such as Ru(II) [22] and
first-row transition metals such as Cu(I) are also known [25,26].
The three key electronic processes, namely, (i) charge injection,
(ii) charge transport, and (iii) electron-hole recombination (i.e.,
exciton formation) efficiency must be individually optimized in
order to improve the overall OLED performance. The pioneering
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