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a b s t r a c t

A great deal of research effort has been put in green energy applications in the past few decades based on
organic optoelectronics. Compared with conventional inorganic semiconductors, organic counterparts
offer a much simpler strategy for low-cost mass production and structural modification. Hence, contin-
uous and intensive academic and industrial research works have been done in these areas. In terms of
the materials used, transition-metal complexes with the unique features of the transition metal centers
represent a large group of candidates, showing high performance in energy conversion technologies.
However, the commonly used transition metals, like Pt(II), Ir(III) and Ru(II), are expensive and of rela-
tively low abundance. Concerning elemental sustainability and marketability, some abundant and
cheaper metals should be investigated and further developed to replace these precious metals. Cu(I) com-
plexes have shown their potentiality in solar energy harvesting and light emitting applications, due to
their well-studied photophysics and structural diversity. In addition, copper is one of the earth-
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abundant metals with less toxicity, which makes it competitive to precious transition metals. As a result,
a series of rational molecular engineering has been developed to boost the device performance of copper
complexes. In this review, the recent progress of copper complexes in the fields of organic light emitting
devices (OLEDs), photovoltaic cells (dye-sensitized solar cells (DSSCs) and bulk heterojunction solar cells
(BHJSCs)) in the past two decades will be presented. Representative examples are chosen for discussion.

� 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Transition metal complexes have aroused tremendous attention
for different energy-related applications due to the unique charac-
ters of the metal centers. One of the unique characteristics is the
strong spin-orbit coupling (SOC) of organometallic complexes,
which enables fast intersystem crossing (ISC) and long-lived phos-
phorescent decay, as compared with the pure organic compounds.
As a result, most of the heavy transition-metal complexes show
phosphorescence [1] and are of particular interest for use in
organic light emitting devices. By excitation of the lowest triplet
excited state, a strong phosphorescence is produced. In view of
the molecular orbitals, the emission is largely determined by the
metal-to-ligand charge transfer (MLCT) state between the d orbi-
tals of the metal center and the p orbitals of the organic ligand.
It turns out that the electronic transfer between different energy
states (color tuning) can be carefully controlled by modifying the
chelating ligands with appropriate frontier molecular orbitals [2].
As a result, organometallic complexes are being actively studied
in order to boost the efficiency of optoelectronic devices.

A great deal of research effort has been paid to green energy
applications using organic optoelectronics since the 1980s [3,4].
Compared to conventional inorganic semiconductors, organic
small molecules and polymers can be synthesized and fabricated
by utilizing different strategies to offer low-cost mass-production
over a span of applications, including organic light emitting diodes
(OLEDs), organic field-effect transistors (OFETs) and organic photo-
voltaic cells (OPVs). This triggered the fast-growing development
of the field that involves the synthesis of new organometallic/
organic materials and device performance engineering. Regarding
light emitting devices, the materials used were dominated by the
phosphorescent emitters, especially Pt(II) and Ir(III) organometallic
complexes, due to their long-lived triplet excited states [5]. On the
other hand, there is a growing trend to use less expensive Cu(I)
complexes, due to their thermally-activated delayed fluorescent
(TADF) nature to harvest both singlet and triplet excitons. These

new findings redefine the traditional views of Cu(I) complexes,
which were originally regarded as poor candidates for OLED active
materials.

In yet another important area of organic photovoltaic devices,
Cu(I) complexes have attracted much attention as the active layer
for the conversion of sunlight into electricity. This is because the
intrinsic long-lived triplet excited state prolongs the exciton
diffusion length in a solar cell and reduces the chance of charge
recombination [6]. This benefits the transfer and migration of
charge carriers and boosts the photocurrent within the device
(Tables 1–4).

Herein, we summarize the recent progress made using Cu(I)
complexes in light emitting and light harvesting applications. The
photophysical and electrochemical features are discussed in Sec-
tion 2, which allow the readers to gain a general background of
Cu(I) materials. Subsequently, representative Cu(I) complexes used
as emissive materials in OLEDs are reviewed together with their
device performance in Section 3, followed by a survey of their light
harvesting materials for use in dye-sensitized solar cells (DSSCs)
and bulk heterojunction solar cells (BHJSCs) in Section 4. Of
particular emphasis is the correlation between the structures and
photophysical properties, which aims at improving the photolumi-
nescence and photosensitization performance through precise
structural modifications. Finally, a short summary of the design
strategies will be given in the conclusion.

2. Fundamental properties of copper(I) complexes

In this section, both of the photophysical and electrochemical
characters of Cu(I) complexes will be illustrated. The scientific
interest in investigating the structure-property relationship of
Cu(I) complexes has increased significantly since the discovery of
the room temperature luminescence of [Cu(dmp)2]+ (dmp = 2,9-
dimethyl-1,10-phenanthroline) by Sauvage and McMillin [7–9].
However, the development of Cu(I) complexes was rather limited
for light harvesting and light emitting applications in the 90s due
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