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What is the most favorite and original chemistry developed in 
your research group? 
Chemistry plays a key role in providing solutions to many of the 
challenges facing the world today. In particular, an understand-
ing of chemistry is essential as the basis for medicine and public 
health, in addressing challenges such as global climate change, in 
providing sustainable sources of clean energy, and in maintaining 
the environment for the well-being of people. We aim at the 
cutting-edge research areas of photofunctional metal-organic 
molecules and polymers for optoelectronic and energy-related 
applications. Photofunctional molecular materials are consid-
ered as versatile materials for energy interconversions and opto-
electronic/photonic applications, including electrical energy 
generation in organic solar cells (OSCs) and light generation in 
organic light-emitting diodes (OLEDs), as they offer a low cost, 
light weight and simple option for device fabrication. We have 
developed new synthetic methods to produce technologically 
useful materials (e.g. metallopolymers and metallophosphors) 
with specific functional roles. Such research clearly presents a 
promising way out of the worldwide energy problem. 
What is the most important personality for scientific research? 
Although there is no guarantee of success and practical gains in 
doing research, it is my belief that our efforts will get harvest if 
we work hard and do not give up. Patience, diligence, perse-
verence and confidence are the prerequisites for the successful 
research study. Besides, there are many good research opportu-
nities in the Greater Bay Area and the Mainland by collaborating 

with the top researchers there in various joint projects, which 
would create more impact cases for the betterment of our society. 
How do you get into this specific field? Could you please share 
some experiences with our readers? 
Global energy consumption is depleting non-renewable fossil fuels 
at a staggering rate. Mankind’s life quality depends on the devel-
opment of renewable energy sources. As such, our research is 
dedicated to advancing technologies in energy conversion and 
translating light into electricity and electricity into light, hence 
contributing to the sustainability of human life on earth. Our main 
focus is to develop molecular materials for fabricating OSCs and 
OLEDs. These developments are complementary in that solar de-
vices produce energy, and light-emitting devices save energy. 
How do you supervise your students? 
I was deeply inspired by the passion of my former supervisors for 
research when I did my PhD and postdoctoral studies. Their ability 
to captivate me with the inherently intriguing essence of science 
and to share with me their passion for the discipline was particu-
larly rewarding for me. Certain qualities I developed, such as an 
analytic mind and creative thinking, are the key factors that help 
me handle my job well nowadays. I hope that young talents will 
make full use of the word “Chem-is-try” to try more in chemical 
research and explore new interesting science topics. Besides, stu-
dents can realize the magic of scientific research which probes 
them to achieve more. 
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Comprehensive Summary 
Polymetallaynes are a promising branch of metallopolymers, in which the introduction of metal building blocks to organic conjugated 
backbones leads to their unique skeletons and versatile properties. Notably, the chemical structures, geometric configurations and 
functional properties in these organometallic systems can be adjusted flexibly by the appropriate selection of metal centers, auxiliary 
ligands, or bridging spacers. In recent years, both one-dimensional and two-dimensional polymetallaynes have attracted considerable 
attention owing to their excellent electronic, optical and magnetic properties. Furthermore, the studies on molecular metallaynes 
provide substantial insights for the exploration of the structure-property-activity relationships in these organometallic acety-
lide-containing systems. The recent research progress of polymeric and molecular metallaynes containing platinum, mercury and gold 
is discussed in this article. A series of functional properties have been realized in these acetylide-containing compounds by the ra-
tional structural design and refined synthetic strategies, leading to their emerging applications including energy conversion, nonlinear 
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optics, data storage and memory, as well as chemo/biosensing. 
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1. Introduction

Conjugated polymers are a representative type of organic 
materials with extensive π-conjugated electronic structure, 
demonstrating excellent photophysical and electrochemical prop-
erties.[1,2] Metallopolymers prepared by inserting metal blocks 
into the conjugated skeletons display different characteristics 
from pristine organic conjugated systems, such as the enhanced 
reactivity, enriched optoelectronic and magnetic properties.[3] 

Especially, the presence of heavy metal ions in conjugated 
frameworks significantly contributes to the spin-orbit coupling 
(SOC) and results in the promotion of intersystem crossing (ISC) 
from the singlet to the triplet states, thereby increasing the popu-
lation of triplet excited states. Hence, both fluorescent and phos-
phorescent emissions can be realized in such organometallic sys-
tems. Besides, the metal centers can be regarded as electron-rich 
units compared to their adjacent organic ligands, which allows the 
energy transfer along the conjugated skeletons.[4]  

Transition metal acetylide polymers or polymetallaynes with 
direct metal-carbon σ-bonds have drawn great research interest 
owing to their intriguing properties and multiple application pro-
spects.[4,5] First examples of Pt(II)-containing acetylide oligomers 
and polymers with tertiary phosphine ligands were reported by 
Hagihara in 1970s.[6,7] Thereafter, numerous rigid-rod polymetal-
laynes with various metal centers and organic ligands have been  
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reported, leading to their rich applications. The desired properties 
can be orchestrated by the elaborate design and appropriate 
structural regulation of these polymetallaynes, which involve the 
exploitation of metal centers, auxiliary ligands and organic bridg-
ing spacers. Furthermore, the vast body of synthetic methodolo-
gies provides variable and low-cost approaches for the fabrication 
of polymetallaynes.  

Our research group is committed to the development of pol-
ymeric and molecular metallaynes and the exploration of struc-
ture-property-activity relationships in different organometallic 
systems, thereby realizing a series of emerging applications, in-
cluding organic light-emitting diodes (OLEDs), organic solar cells 
(OSCs), organic thermoelectric (OTE) devices, optical power limit-
ing (OPL), data storage devices and sensors. It is worth noting that 
two-dimensional (2D) free-standing mercurated graphyne 
nanosheets have been reported for the first time by our group, 
which demonstrated remarkable nonlinear optical (NLO) respons-
es.[8] The creation of these novel 2D metallated graphynes is of 
great significance to the development of organometallic material 
field, contributing to the further exploration of their functional 
properties and potential applications. In this article, a series of 
fundamental studies and the application-oriented explorations of 
organometallic acetylide-containing systems will be emphasized. 
The structure-property-activity relationships in such systems are 
expatiated to provide enlightening paradigms for the subsequent 
research in this field. The structures and syntheses of polymetal-
laynes and molecular metallaynes containing platinum, mercury 



and gold will be introduced first, accompanied by the representa-
tive methods to tune their properties. A series of applications 
achieved by the fine-tuning of structures and properties in the 
above systems will then be described in sequence. Finally, the 
challenges and future prospects in this field will be presented in 
the corresponding sections. 

2. Structures and properties

2.1. Polyplatinaynes 

As illustrated in Figure 1a, polyplatinaynes [‒
PtL2C≡CArC≡C‒]n are comprised of bridging spacers Ar and Pt(II) 
building blocks containing auxiliary coordinated ligands L (L = PBu3, 
PEt3, etc.). Generally, polyplatinaynes are synthesized via classical 
dehydrohalogenation reaction between Pt(II) halide complexes 
[PtL2Cl2] and diethynylarylene ligands [HC≡CArC≡CH] (Figure 1b), 
in which CuI acts as the catalyst whilst amine serves as the acid 
acceptor and reaction solvent.[5] The above polymerization can 
proceed at ambient temperature smoothly and generally afford 
air-stable polymeric products soluble in organic solvents. The 
chain length and the degree of solubility in such organometallic 
systems can be regulated by the appropriate selection of metal 
centers, organic spacers and auxiliary ligands. This favorable fea-
ture is beneficial to solving the poor solubility encountered in 
classical purely organic polymers, thereby facilitating the prepara-
tion of polymer films for optoelectronic measurements.  

The inclusion of heavy Pt(II) ions into the conjugated back-
bone effectively increases the ISC rate from the singlet to triplet 
states due to the enhanced SOC effect, enabling the 
spin-forbidden triplet emission to be observed in these metal 
polyyne systems. Besides, in comparison with the pure organic 
conjugated polymers, the π-conjugation interaction between Pt(II) 
centers and the bridging spacers in polyplatinaynes has significant 
influence on the distribution of delocalized electrons along the 
organometallic skeleton, thereby changing the optical and elec-
tronic properties of polyplatinaynes. Therefore, the regulation of 
organic spacers in these polyplatinaynes is an effective approach 
to tune their lowest singlet (S1) and triplet (T1) energy levels, en-
ergy gap (Eg) and color.[9] 

Figure 1 (a) The general structure of polyplatinaynes. (b) The synthesis of 
polyplatinaynes by copper-catalyzed dehydrohalogenation reaction. 

The optical properties were successfully tuned in Pt(II)-based 
polyynes by extending the effective conjugation length of the 
organic spacers. For instance, the increased phenyl ring number in 
1b results in its red-shifted phosphorescence and lowered T1 en-
ergy level (2.26 eV) compared to 1a (2.38 eV).[10] Similarly, the T1 
energy bands of 2a-2c are 2.05, 1.67 and 1.53 eV, respectively, 
with the obvious energy drop due to the inclusion of more thio-
phene rings into their spacers, whilst the red-shifted triplet emis-

sions in these polymers indicate that their triplet excited states 
are extended over several thiophene units.[11,12] 

Furthermore, the introduction of fused ring spacers leads to 
the decrease in Eg of these metallopolyynes. Polymers 3 and 4 
with electron-rich naphthalene and anthracene ligands, respec-
tively, display bathochromically-shifted luminescence compared 

with 1 due to their extended π-conjugated linkers and enhanced 
π-electron delocalization along the polymeric skeletons.[13] Alt-
hough 5 and 6 possess planar fused ring spacers, their energy 
levels of S1 and T1 are both higher than those of 2b and 2c con-
taining non-fused ring spacers with the same number of thio-
phene rings.[14] Thus, the effectiveness of conjugation and the 
number of sulfur atoms in the oligothiophene units contribute 
jointly to the electronic energy states in such fused ring and 
non-fused ring-based metallopolyynes. Compared with their 
non-fused ring analogues, the increase of sulfur atom number in 
the fused ring-containing metallopolyynes weakens the conjuga-
tion of double bonds, resulting in their relatively wider energy 
gaps. Besides, the effective conjugation length can also be tuned 
by altering the number of alkyne bonds in polyplatinaynes. Com-
pared with 1a, polymer 7 displays red-shifted phosphorescence 
since there is a double number of triple bonds in polymer 7.[15] 

According to the energy gap law of polyplatinaynes, the de-
crease of triplet energy leads to the exponential increase of 
non-radiative decay rate of the triplet states.[16] As a consequence, 
the introduction of π-conjugation interrupters into the spacers 
allows the metallopolyynes to possess high triplet energy states, 
resulting in the reduced non-radiative decay and more effective 
phosphorescence emission.[17,18] Polymers 8a-8e are made with 
the nitrogen at the 9-position of the 3,6-carbazole unit as conju-
gation interrupter,[19] which demonstrate relatively high T1 energy 
states at around 2.68 eV, despite the variation in their 9-aryl 
group substituents. 

Group 14 Si or Ge-based linkers and group 16 chalcogen at-
oms are also effective conjugation interrupters. The incorporation 
of SiPh2 unit into polymer 9 results in a blue-shifted phosphores-
cence band compared to the polyplatinaynes with other spac-
ers.[20] Besides, 9 exhibited negligible fluorescent emission but 
intense unstructured triplet emission at 508 nm at low tempera-
ture. The Eg of 9 (3.7 eV) is much higher than those of 1a (Eg = 
2.98 eV) and 2a (Eg = 2.85 eV), while the T1 energy state of 9 (2.44 
eV) is blue-shifted by 0.06 eV and 0.38 eV in comparison to 1a 
and 2a, respectively. Similarly, triplet emission with fast phos-
phorescence decay rate can be achieved by introducing sp3 heav-
ier Ge-based units into such organometallic systems.[21] In 
10a-10d with diethynylcarbazole units, the variation in ER2 linkers 
results in distinct changes in their phosphorescence emission 
efficiency, following the general orders: GeR2 > SiR2 (R = Me or Ph), 
and EMe2 > EPh2 (E = Si or Ge).[22] 



Figure 2 (a) The absorption and photoluminescence (PL) spectra of 
11a-11d. The absorption spectra (dotted lines) were measured at 290 K. 
The PL spectra were recorded at 290 K (dashed lines, in CH2Cl2) and 20 K 
(solid lines, as thin films). Reproduced with permission from ref. 23. Copy-
right 2006, Wiley-VCH. 

Polymers 11a-11d containing non-conjugated group 16 het-
eroatoms were determined to possess high T1 energy states, in 
which the accessibility of 3π-π* excited states was promoted, 
enabling the spin-forbidden phosphorescence to be observed at 
ambient temperature (Figure 2).[23] The phosphorescence bands 
of 11a-11d with different chalcogenide linkers are blue-shifted in 
comparison to the biphenyl-based 1b, among which 11a with the 
diphenyl ether unit gives the T1 energy level of 2.73 eV with the 
largest extent of the blue shift (0.47 eV). 

The construction of metallopolyynes with higher dimension-
ality provides an attractive strategy to improve the isotropic 
charge transport as well as the optical properties in organometal-
lic materials. Apart from the rigid-rod polyplatinaynes discussed 
above, 12 and 13 with pseudo-three-dimensional (pseudo-3D) 
structures have been developed by our group, in which the tri-
phenylamine units present non-planar propeller shape due to the 
steric interactions between the organic spacers, resulting in an 
intermediate situation between the 2D and 3D conjugated sys-
tems.[24] Notably, 13 with extended π-conjugation segments dis-
plays more enhanced light-harvesting and charge-transport abili-
ties in comparison to its 1D counterpart. Under the same testing 
conditions, the thin film of 13 gave an impressive absorption coef-
ficient of 1.59×105 cm-1 at 430 nm, while that of 12 was measured 
to be 1.05×105 cm-1 at 413 nm. 12 and 13 showed relatively high 
Eg of 2.68 eV and 2.59 eV, respectively. Besides, the organic 
field-effect transistor (OFET) devices based on 12 and 13 demon-
strated typical p-channel output characteristics with the average 
hole mobilities of 7.86×10-5 cm2 V-1 s-1 and 2.77×10-5 cm2 V-1 s-1, 
respectively, which are both superior to that of their linear coun-

terpart. These pseudo-3D metallopolyynes have been successfully 
utilized in the fabrication of high-efficiency solar cells, proving 
their great application potentials in energy conversion. 

Figure 3 (a) The general structures of Hg(II)- and Au(I)-containing 
polymetallaynes. (b) The synthesis of Hg(II)-based polymetallaynes by 
base-catalyzed mercuration reaction. 

2.2. Hg(II)- and Au(I)-containing polymetallaynes 
Transition metal elements from the neighboring groups of Pt 

have also been investigated as active centers for the construction 
of polymetallic aryleneethynylenes.[25] Similar to the polyplati-
nayne systems aforementioned, SOC is effectively facilitated in the 
presence of these heavy metals in conjugated backbones, leading 
to the promoted ISC process from the S1 to the T1 states. The gen-
eral skeletons of Hg(II)- and Au(I)-containing polyynes are depict-
ed in Figure 3a. Hg is a unique element among the group 12 metal 
species due to the formation of stable Hg(II) ion, which tends to 
present a coordination number of two and linear geometry for the 
preparation of rigid-rod polymetallaynes. However, linear Hg(II) 
polyynes often suffer from the unsatisfactory solubility, hindering 
their practical applications to a large extent. To circumvent this 
issue, our group designed and synthesized a series of 
Hg(II)-containing polyynes 14-17 with various organic spac-
ers.[10,26,27] The Hg(II) alkynyl complexes and polymers can be pre-
pared by base-catalyzed dehydrohalogenation protocol between 
Hg(II) halide precursors and active terminal alkynes. This reaction 
can be achieved with good yield at room temperature, providing a 
convenient method for the preparation of Hg(II)-containing 
polymetallaynes (Figure 3b). Specifically, the mercuration of the 
corresponding ligands with HgCl2 can be realized with the pres-
ence of methanolic NaOH. The air-stable polymers 14-17 can be 
precipitated from the respective homogeneous solution in the 
synthetic processes. It is worth noting that the introduction of 
long alkyl chains in 14a-14c, 16 and 17 endows them with good 
solubilities in common organic solvents, whereas only the frac-
tions of 15 with lower molecular weight can be dissolved in or-
ganic solvents. The Hg(II)-induced 3π-π* phosphorescence can be 
observed in most cases of these polymetallaynes. Besides, the 
broadening emissions in the films of such Hg(II)-containing 
polyynes indicates the weak intermolecular Hg(II)···Hg(II) short 
contacts in the solid form. 

14a-14c are the first examples of soluble Hg(II) polyynes with 
9,9-dialkylfluorene spacers, displaying similar absorption bands in 
the near-UV region. Notably, all the three Hg(II) polyynes give 
large optical bandgaps in the range of 3.31-3.32 eV due to the 
introduction of Hg(II) ions, whereas the C-9 substituents on the 
fluorene units exert a negligible influence on the absorption en-
ergy and Eg in these polymers. The phosphorescence spectra of 
these Hg(II)-containing polyynes show a strong temperature de-
pendence (Figure 4), and their S1-T1 crossover efficiency follows 
the order: 14c > 14b > 14a. Besides, the decomposition tempera-
tures of 14a-14c increase with the decrease of chain length in 
their substituent groups. Polymers 15 and 1b with different metal 
centers exhibit distinct optical bandgaps (3.27 and 3.10 eV for 15 
and 1b, respectively), whilst their energy gaps between S0 and T1 
states are measured to be 2.26 and 2.36 eV, respectively. For 
polymers 16 and 17, the different positions of the substituents in  



aromatic spacers lead to similar emission peaks but different 
emission intensities in dichloromethane at ambient temperature. 
Besides, 16 featured more efficient phosphorescence than that of 
17 at 77 K. From the thermogravimetric analysis, the decomposi-
tion temperatures of 16 and 17 are 306 oC and 232 oC, respective-
ly, indicating the better thermostability of 16 as compared to 17. 

Polymeric Au(I)-acetylides with diphosphine or bis-(isocyanide) 
ligands were firstly synthesized by Puddephatt’s group via the 
reaction between PPN (Au(acac)2) and diethynylarenes, which 
could only be investigated in the solid state due to their insolubil-
ity in organic solvents.[28] The bathochromic shifts in the emission 
spectra were concomitant with the structures of Au(I)-containing 
compounds changed from the mononuclear, binuclear to polynu-
clear. The Au(I)-containing polyynes 18-20 showed broad and 
weak emissions at around 600 nm, proving the interchain 
Au(I)···Au(I) bonding interactions in the solid state. 

Figure 4 Temperature dependence of the PL spectra in 14c. Reproduced 
with permission from ref. 5. Copyright 2006, Elsevier B.V. 

Two novel mercurated acetylenic 2D nanosheets 21 and 22 
were fabricated for the first time by our group through inter-
face-assisted bottom-up strategy, demonstrating layered molecu-
lar arrangement, promoted π-conjugation effect, adjustable 
thickness, as well as low cytotoxicity.[8] As illustrated in Figure 5, 
21 and 22 both demonstrated outstanding nonlinear saturable 
absorption (SA) properties at both 532 nm and 1064 nm, leading 
to their promising applications in the fabrication of optoelectronic 
devices. The excellent passively Q-switched (PQS) performance 
has been achieved by utilizing these nanosheets as the saturable 
absorbers, which will be discussed specially in the corresponding 
sections. 

Figure 5 NLO properties of mercurated graphyne nanosheets 21 and 22. 
Open-aperture Z-scan data and theoretically fitted curves (solid lines) at (a) 
532 nm with an input energy of 11 μJ and (c) 1064 nm with an input en-
ergy of 184 μJ. Theoretically fitted plots of normalized transmittance ver-
sus incident intensity at (b) 532 nm with an input energy of 11 μJ and (d) 
1064 nm with an input energy of 184 μJ. Reproduced with permission 
from ref. 8. Copyright 2021, Wiley-VCH. 

2.3. Heterobimetallic acetylide-containing polymers 

The incorporation of two metal ions into a single organome-
tallic backbone possesses a great appeal, which enables the func-
tional properties to be tuned by the synergistic effect between the 
different metal centers in such bimetallic conjugated systems. In 
particular, the paired nitrogen atoms in bithiazole segments can 
be utilized as suitable sites for the coordination between metal 
ions and organic moieties. Compared to their counterparts with-
out Re(CO)3Cl groups, obvious red shifts were observed in the 
absorption spectra solution-processable heterobimetallic poly-
mers 23a-23c, owing to the electron-withdrawing effect of the 
Re(I) blocks towards the bithiazole cores.[29] The coordination 
between polymeric backbone and Re(CO)3Cl units leads to a re-
duction in the Eg of these polymers, while the Eg values of 23a-23c 
decrease from 2.18 eV to 1.89 eV with the inclusion of more thi-
ophene rings into the conjugated backbones. A heterobimetallic 
polymer 24 containing Pt(II) and Co(II) moieties was synthesized, 
in which the Co(II) ion coordinated with the four central N atoms 
in the porphyrin unit.[30] The preparation of CoPt nanoparticles 



(NPs) without any post annealing operation was achieved by using 
24 as the precursor, indicating the application prospect of 24 in 
data storage. It is worth noting that heterobimetallic polyynes 
25-27 have been demonstrated to possess different NLO perfor-
mance, leading to their important research value for the construc-
tion of OPL materials, which will be introduced in detail in the
following sections.[31] 

2.4. Molecular metallaynes containing Pt(II), Hg(II) and Au(I) 

Apart from the metallopolyynes, representative molecular 
metallaynes containing Pt(II), Hg(II) and Au(I) are also discussed in 
this article. The research on molecular metallaynes greatly con-
tributes to the in-depth exploration of the structure-function rela-
tionships in organometallic systems, whilst these small molecules 
have been developing rapidly in recent years and have achieved 
widespread applications in related fields. For instance, solu-
tion-processable heterometallic complexes 28-31 were prepared 
for the investigation of their OPL properties.[31]From the research 
results, complex 28 with the Pt(II) ion at the central position 
demonstrated superior OPL effect as compared to 30 with the 
Hg(II) center, while the latter showed no triplet emission at room 
temperature. Although the introduction of Hg(II) and Au(I) ions 
may lead to an adverse impact on the SOC induced by Pt(II) center, 
28 and 29 both exhibited comparable OPL capabilities to their 
congener containing only Pt(II) center. Collectively, these results 
illustrate that the central metal ions play a decisive role in the OPL 
performance of such metal complexes. 

3. Applications

The unique skeleton of metallated acetylenic polymers con-
taining both metal centers and organic moieties endows them 
with extensive π-conjugated framework and tunable optoelec-
tronic properties, whilst the targeted structures of these metal-
lated polyynes can be obtained conveniently owing to their flexi-
ble synthetic strategies and moderate preparation conditions. 
These integrated virtues enable such metallic conjugated systems 
to possess irreplaceable prospects in the fabrication of multifunc-
tional devices, leading to their consequential applications in di-
verse fields. The representative applications of metal acetylide 
polymers and their small molecular analogues are elucidated se-
quentially in the following sections, including energy conversion, 
nonlinear optics, data storage and organic memory, as well as 
chemo/biosensing. 

3.1. Energy conversion 
Energy crisis has become a worldwide issue at the expense of 

the continuous development of human society. The exploitation 
of renewable energy and technologies for energy conversion thus 
attracts an on-going attention in various scientific disciplines. Or-
ganometallic compounds have been successfully deployed to con-
struct OLEDs, solar cells and OTE devices for the transformations 
of light into electricity, electricity into light and heat into electricity, 
respectively, illustrating the great applicability of metallated acet-
ylenic systems in different energy interconversions. 

3.1.1. OLEDs 

The SOC effect induced by heavy metal centers contributes to 
the mixed triplet and singlet excited states in the metallopolyynes, 
resulting in the effective triplet emission for OLED applications. 
Polyplatinayne 32 with 9-butylcarbazole-2,7-diyl spacer exhibited 
strong phosphorescence at 527 nm at room temperature with 
high phosphorescence efficiency of 2.5%.[32] Besides, the Eg of 32 
is 2.95 eV, which is lower than that of its 3,6-disubstituted coun-
terpart. The general structure of polymer light emitting diode 
(PLED) device is demonstrated in Figure 7a. The PLED based on 32 
showed a strong greenish yellow electrophosphorescence, and 
their electroluminescence (EL) spectra gave a prominent band 
peaking at 528 nm together with a shoulder at 568 nm (Figure 6). 
The efficiency of devices increases as a function of doping con-
centration when the doping concentration is below 5 wt.-%, which 
significantly decreases due to the concentration quenching effect 
at the higher concentration above 5 wt.-% (Figure 7b-d). The 
maximum current efficiency (ηL) can reach 4.7 cd A-1 at the doping 
concentration of 5 wt.-% with the corresponding external quan-
tum efficiency (ηext) of 1.5% and power efficiency (ηp) of 1.6 lm 
W-1. This report is the first example of metallopolyyne-based
PLEDs with pure triplet emission under electrical excitation, re-
vealing the significant potentials of metallated polyynes in PLED 
applications. 

Polymers 33a and 33b containing electron-deficient bithiazole 
spacers possess low optical bandgaps of 2.4 eV, deriving from 
their particular donor-acceptor (D-A) structures.[33] There was no 
phosphorescence found in 33a and 33b at both ambient and low 
temperatures. Apart from the excellent thermal stability of 33a 
and 33b over 340 oC, their good solubility in common organic 
solvents is also observed, which makes these solution-processable 
polymers suitable for the construction of devices. The multi-layer 
PLED based on 33b exhibited a prominent EL peaking at around 
500 nm accompanied by a shoulder (522 nm) with the Commis-
sion Internationale de L’Eclairage (CIE) coordinates of (0.26, 0.58). 
The maximum ηL of the non-optimized PLED is confirmed to be  



Figure 6 The electroluminescence (EL) spectra of the PLED devices fabri-
cated by 33b, 32, 35, 36. Reproduced with permission from ref. 3. Copy-
right 2016, The Royal Society of Chemistry. 

0.11 cd A-1 and further studies are still required. 
In 2010, a series of polyplatinaynes with two-photon absorp-

tion properties were reported, among which 34 was employed to 
fabricate electrophosphorescent PLED.[34] With the doping con-
tent of 34 at 1 wt.-%, the ηext and ηL of the as-prepared device 
were measured to be 0.15% and 0.58 cd A-1, respectively. It is 
worth noting that 34 can realize nearly white luminescence under 
appropriate conditions, thereby providing a promising platform 
for the construction of white polymer light-emitting diodes 
(WPLEDs). 
The incorporation of heavy Ir(III) ion with a large SOC constant 
into conjugated polymers provides these systems with more en-
hanced triplet state characters, leading to the promotion of lumi-
nescence performance by harnessing the singlet or triplet excited 
state of Ir chromophores. Polymers 35 and 36 are the first exam-
ples of phosphorescent bimetallic polyynes containing both Ir(III) 
and Pt(II) centers, which exhibit synergistic effect in governing the 
photophysical characteristics of organometallic compounds.[35] 

These polymers generated yellow or orange phosphorescence 
upon light irradiation, while their emission spectra showed obvi-
ous vibronic progressions. These results indicate that the phos-
phorescence is mainly derived from the ligand-centered (LC) π-π* 
states, possibly accompanied by a minor contribution from met-
al-to-ligand charge transfer (MLCT) transitions. Compared with the 
phosphorescence induced by Ir(III) ion in the respective Ir(III) 

ppy-type complexes (Hppy = 2-phenylpyridine), 35 and 36 
demonstrated extremely temperature-sensitive phosphorescent 
emissions with longer lifetimes. Moreover, the notable batho-
chromic behavior was observed in the emission peaks of 35 and 
36 as compared to the corresponding metallated ligands, indicat-
ing their more extensive conjugation induced by trans-Pt(PBu3)2 
units. 35-based PLEDs showed a yellow electrophosphorescence 
with the best ηext of 0.50%, ηL of 1.59 cd A-1, and ηp of 0.60 lm W-1. 
Devices fabricated from 36 exhibited an orange emission, and the 
optimum efficiencies were determined to be: ηext = 0.67%, ηL 
=1.55 cd A-1, and ηp = 0.55 lm W-1. Apart from the phosphores-
cence induced by Ir(III) unit, the Pt(II) moiety can also facilitate 
SOC to produce their triplet emission. An energy transfer should 
occur from the Pt(II)-induced triplet states with high energy to the 
Ir(III)-induced low-energy triplet states, which results in the good 
color purity of emission and the enhanced phosphorescence in-
tensity of the Ir(III) unit. 

Copolymers 37a-37d and 38a-38d also demonstrated effi-
cient triplet energy transfer from the Pt(II) skeleton to the Ir(III) 
segment that contributed to their intensive phosphorescence.[36] 

The high triplet energy level can suppress the undesired reverse 
energy transfer to improve the phosphorescence abilities in these 
copolymers (Figure 7e). 37a-37d and 38a-38d exhibited predomi-
nant yellow and red phosphorescence emissions at around 555 
nm and 632 nm, respectively, while the phosphorescence intensi-
ties were enhanced with the increased proportion of the Ir(III) 
segment. The solution-processed PLEDs based on copolymers 
37a-37d revealed a yellow phosphorescence with the ηL of 11.49 
cd A-1, ηext of 4.38%, and ηP of 3.78 lm W-1, whilst the devices fab-
ricated by 38a-38d demonstrated remarkable performance with 
the ηL of 5.86 cd A-1, ηext of 10.1% and ηP of 2.29 lm W-1. These 
studies demonstrate the broad application prospects of bimetallic 
conjugated polymers in the OLED field. 

A series of phenyl‑bridged bimetallic Au(I) complexes were re-
ported by Chou and co-workers, in which the effective distance 
between the Au(I) ions and the emitting ππ* chromophores can 
be adjusted by changing the number of phenylene spacers.[37] This 
work illustrates that the elongation of effective distance can lead 
to the manipulation of both S1→T1 ISC rate and T1→S0 phospho-
rescence radiative decay rate constant, resulting in the decreased 
intensity ratio of the phosphorescence to fluorescence. Complex 
39c was selected as the dopant for the emissive layer (EML) 

Figure 7 (a) The general configuration of PLED devices. (b) Current efficiency, (c) EQE, (d) power efficiency versus current density characteristics of poly-
mer 32-based PLEDs with different doping concentrations. Reproduced with permission from ref. 32. Copyright 2009, Wiley-VCH. (e) The schematic dia-
gram of the structures and energy-transfer process in polymers 37a-37d and 38a-38d. Reproduced with permission from ref. 36. Copyright 2015, The 
Royal Society of Chemistry.



OLED to investigate the feasibility of generating white light based 
on fluorescence and phosphorescence dual emissions. The emis-
sions of the as-prepared device covered the visible wavelengths 
from 380 to 750 nm, contributing to the white emission with 
high color-rendering index (CRI = 89.2-92.2). 
3.1.2. OSCs 

The development of photovoltaic materials brings an 
achievable tactic to alleviate the worldwide energy shortage, 
which involves the utilization of clean and sustainable solar en-
ergy for electricity generation.[38,39] Therefore, the efficient and 
economical solar cells are urgently needed for energy conversion, 
while the utilization of conjugated polymers with synthetic varia-
bilities provides a flexible and tractable way to fabricate solu-

tion-processed polymer solar cells. Specially, Pt(II)-containing 
acetylenic polymers with tunable bandgaps, excellent electron 
transport capabilities and rich photophysical properties are out-
standing candidates to be deployed as donor materials in 
bulk-heterojunction (BHJ) solar cells, thereby offering a 
cost-effective and light-weight energy conversion platform.[4, 40] 

The narrow-bandgap metallopolyyne 40 bearing the 
4,7-di-2’-thienyl-2,1,3-benzothiadiazole D-A structure was ex-
ploited, which exhibited extended absorption.[41] Such dark pur-
ple polymer showed a strong absorption peak at 554 nm and its 
narrow bandgap (1.85 eV) is much lower than those of polymer 
2b containing purely electron-rich bithienyl spacer (2.55 eV) and 
its counterpart with electron-deficient benzothiadiazole spacer 
(2.20 eV).[5] No triplet emission was observed in 40, which is in 
line with the energy gap law of polyplatinaynes, indicating that 
the efficient photo-induced charge separation is mainly ascribed 
to the charge-transfer excited state rather than the triplet 
state.[16] The BHJ solar cells were successfully constructed by 
employing 40 and [6,6]-phenyl-C61-butyric acid methyl ester 
(PCBM) as the electron donor and acceptor, respectively (Figure 
8a-c). The effects of solvent, solution concentration and spinning 
speed were investigated to optimize the fabrication conditions of 
40/PCBM blend devices. The J-V curves under different illumina-
tion powers and the power dependences of the cell parameters 
are illustrated in Figure 8d-f. The as-prepared devices demon-
strated high average power conversion efficiency (PCE) up to 4.1% 
with the open-circuit voltage (Voc) of 0.82 V, the short-circuit 
current density (Jsc) of 13.1 mA cm-2, and the fill factor (FF) of 
0.37%. 40-based PSCs displayed superior performance over that 
of the oligothiophene series, owing to the enhanced absorption 
in the visible-light region and the more balanced charge 
transport in polymer 40. This work is a significant breakthrough 
for the development of PLEDs based on organometallic polymers. 
Amorphous Pt(II)-containing polyynes 41a-41c bearing 
thieno[3,2-b]thiophene (TT)-2,1,3-benzothiodiazole linkers were 
reported by Jen and co-workers, which exhibited the absorption

Figure 8 (a) Topography and (b) phase contrast images of 40/PCBM (1:4) films. (c) The EQE and wavelength dependencies in 40/PCBM (1:4) and 
poly(3-hexylthiophene) (P3HT)/PCBM (1:4) blend solar cells. The inset is the absorption of the 40/PCBM active layer. (d) J-V curves under different illumi-
nation powers. Power dependences of (e) open-circuit voltage and fill factor, (f) short-circuit current density and power-conversion efficiency of the 
40/PCBM device. Repro-duced with permission from ref. 41. Copyright 2007, Springer Nature. 



Figure 9 (a) AFM topography images of (a) 42b/PCBM (1:4) and (b) 42b/PCBM (1:5) blend films. (c) J-V curves of 33b, 42a-42c/PCBM (1:4) solar cells. (d) 
Band-structure diagram of 43b-43d, P3HT, and an ideal donor relative to PCBM. Minus sign is omitted for the energy values. (e) EQE and wavelength 
dependencies in 40/PCBM (1:4) and 43a-43d/PCBM (1:5) blend solar cells. (a), (b), (d) and (e) were reproduced with permission from ref. 4. Copyright 
2010, American Chemical Society. (c) was reproduced with permission from ref. 43. Copyright 2007, American Chemical Society.

spectra peaking at 587-611 nm in the solid state and low 
bandgaps in the range of 1.81-1.85 eV, owing to the intramolecu-
lar charge transfer (ICT) between the electron donors and accep-
tors.[42] The inclusion of more rigid TT units into 41a leads to its 
enhanced hole mobility (μh) of 1.5×10-3 cm2 V-1 s-1 compared to 40 
(6.1×10-5 cm2 V-1 s-1). Moreover, μh can be further promoted to 
1.0×10-2 cm2 V-1 s-1 by incorporating alkyl chains into the TT seg-
ments of 41b and 41c, which is ascribed to the amorphous thin 
film characteristics caused by the steric hindrance between the 
bulky Pt(II) blocks. Thus, the introduction of spacers with more 
rigid structures is beneficial to the electron coupling between the 
electron donors and acceptors along the conjugated backbone, 
thereby enhancing the charge transport in these polyplatinaynes. 
Solar cell based on PC71BM and 41c afforded the best perfor-
mance with the PCE of 4.13%, Voc of 0.79 V, Jsc of 10.12 mA cm-2, 
and FF of 51.4%. Besides, different from the polycrystalline poly-
mers, the thermal annealing will not lead to the improvement of 
cell performance in these Pt(II) polyyne systems due to their 
amorphous characteristics, which are less sensitive to the 
post-processing operation. 

Polyplatinaynes 33b and 42a-42c with 
bis(oligothienyl)-2,2ʹ-bithiazole D-A hybrid spacers realized the 
tuning of PSC efficiencies, optical properties and charge transport 
capabilities by regulating the number of oligothienyl rings in such 
organometallic systems.[43] The charge separation in the energy 
conversion process of 33b and 42a-42c is attributed to the 
charge-transfer excited state rather than the triplet state, since 
their low bandgaps induced by strong charge-transfer interaction 
is detrimental for the triplet emission while the increased het-
eroaryl rings in the ligands may impair the ISC induced by the Pt(II) 
center. A clear reduction of ca. 0.34 eV is found in the optical 
bandgap of 42c (2.06 eV) compared with 33b (2.40 eV) as the 
thienyl chain is extended. These solution-processable polymers 
showed intense absorption peaks in the spectra, rendering them 
suitable candidates for the construction of BHJ-type PSCs. The 
phase separation of 42b/PCBM (1:4) blends can be observed from 
the atomic force microscopy (AFM) images, while the 42b/PCBM 
(1:5) blend films exhibit smooth morphology (Figure 9a and b). 
The small-scale phase separation in 42b/PCBM (1:4) films con-

tributed to exciton dissociation and charge transport, leading to 
the reduced recombination losses and increased Jsc. As shown in 
Figure 9c, a distinct increase in the Jsc was detected in 42b and 42c 
as compared to 33b and 42a. Solar cells prepared by 42b and 
PCBM demonstrated the PCE of 2.7% and the peak external 
quantum efficiency (EQE) of 83%, while both of the 
light-harvesting capabilities and PCEs of the prepared devices can 
be improved by increasing the thienyl chain length. 

As for metallated polyynes 43a-43d with 
bis(oligothienyl)-2,7-fluorene spacers, the Eg of orange-red 43d 
with more thienyl rings is significantly reduced by ca. 0.60 eV than 
that of pale-yellow 43a bearing purely fluorene spacer.[44] The 
cells based on 43a-43d showed relatively high efficiencies owing 
to their high absorption coefficients (ε) and applicable energy 
levels for the interaction with PCBM (Figure 9d and e). However, it 
is not recommended to extend the conjugation length by intro-
ducing too many thiophene rings, which will increase synthetic 
complication and reduce the product yields. Solar cells based on 
43d revealed the optimal PCE of 2.9% and the peak EQE of 83%. 
Thus, these studies illustrated an attractive tactic to regulate the 
optical properties and photovoltaic performance of metallated 
conjugated polymers by increasing the number of thienyl rings for 
efficient power generation. 

Research endeavors have also been focused on the develop-
ment of small-molecule bulk heterojunction (SMBHJ) solar cells, 
which demonstrate well-defined structures and satisfactory pho-
tovoltaic performance.[40,45] “Roller-wheel”-shaped molecules 
44a-44c are synthesized by binding the Pt(II)-bisacetylide units 
with the short axis of a linear organic chromophore, which results 
in the partial overlap between the adjacent chromophores in a 
“slip-stack” manner, leading to the enhancement of both crystal-
linity and charge mobility.[46] The single crystals of 44a unambigu-
ously proved this slip-stack geometry in the solid state, whereas 
no π-π interaction between the chromophores was observed from 
the single crystal structure of 44c . Although no single crystals 
were obtained from 44b, it showed improved intermolecular in-
teractions compared to 44c. The Eg of 44a and 44b are 1.97 eV 
and 1.94 eV, respectively, which are much lower than that of 44c 
(2.53 eV). Furthermore, the different physical and electronic 



properties of 44b and 44c are ascribed to the variation in the 
length of linear chromophores (the rollers). From transient ab-
sorption measurements and theoretical calculations, the 
long-lived triplet states in these compounds exhibited both π-π* 
and ICT characters. Solar cells based on low-bandgap 44b 
demonstrated an impressive PCE of 5.6% with the Voc of 0.82 V, 
the Jsc of 11.9 mA cm-2, and the FF of 57%. The material crystal-
linity is a key factor determining the performance of these de-
vices. The lower bandgap and improved intermolecular interac-
tion in 44b are ascribed to its superior photovoltaic performance 
than that of 44c. Compared with 44a, 44b with a shorter chro-
mophore is less crystalline, which provides a wider window for 
structural modification, leading to the optimized morphologies 
after solvent vapor annealing operation and the high efficiency of 
44b.  

As one of the promising categories of OSCs, dye-sensitized 
solar cells (DSSCs) have gained considerable attention owing to 
their low manufacturing cost, flexible and easy device construc-
tion, as well as satisfactory efficiency.[47] The structure and work-
ing mechanism of DSSCs have been depicted in many leading 
reviews.[48-52] A series of unsymmetrical phenothiazine-based 
photosensitizers 45a-45c bearing different arylacetylide electron 
donors were prepared for high-efficiency DSSCs.[53] The utiliza-
tion of π-bridging phenothiazine units with unique butterfly 
conformation can sufficiently prevent the molecules from aggre-
gation, whilst cyanoacrylic acid is deployed as the electron ac-
ceptor and anchoring group. The distinct absorption bands of 
45a-45c located in the regions of 300-400 nm and 400-600 nm 
are originated from the π-π* transition and the ICT transition 
between the different donor-acceptor pairs, respectively. Besides, 
the bandgaps of these molecules are centered in the range of 
2.22-2.27 eV. The DSSC fabricated with 45a displayed the best 
PCE of 5.78% due to its high Jsc of 10.98 mA cm-1 and Voc of 0.738 
V, illustrating that the hexyloxyphenyl unit in the para position is 
a suitable donor in such systems. Cells based on 45b and 45c also 
gave good performance with the PCE of 4.43% and 4.34%, re-
spectively. From the investigations, changing the position of the 
alkoxy chain will not influence the absorption, HOMOs/LUMOs 
and energy levels in these compounds to a large extent, but has a 
clear impact on the photovoltaic performance of DSSCs by gov-
erning the electron lifetime and charge-transfer resistance. This 

work provides a promising avenue for the establishment of 
DSSCs based on platinum-acetylide complexes. 

3.1.3. OTE devices 
The development of OTE materials offers a promising strat-

egy to circumvent the global energy crisis, recycling the waste 
heat to generate electricity in an environmentally friendly way. 
Metallopolymers are potential materials for OTE devices, since 
the incorporation of metal centers leads to the enhanced elec-
trical conductivity, whilst the organic backbones can be em-
ployed as suitable heat insulators.[54] The conversion efficiency of 
OTE materials can be evaluated by the dimensionless figure of 
merit ZT = S2σT/κ, where S is Seebeck coefficient (V K-1), σ is elec-
trical conductivity (S cm-1), T is absolute temperature (K), and κ is 
thermal conductivity (W m-1 K-1). Hence, the reasonable combi-
nation of conjugated polymers with high S and low κ, and the 
single-walled carbon nanotubes (SWCNTs) with high σ and me-
chanical robustness will definitely contribute to the production of 
high-performance TE composites.[55] 

Figure 10 Transmission electron microscopy (TEM) images of 40/SWCNT 
composites with the ratios of (a) 5:5 and (b) 1:9. (c) The histogram of σ, S 
and PF of polymer 40 versus different SWCNT loading. (d) PF and tem-
perature dependencies in 40/SWCNT composites with different SWCNT 
loading. Reproduced with permission from ref. 55. Copyright 2019, MDPI.



Figure 11 Band structure and partial DOS (the valence band is defined as 
0) of (a) purely organic counterpart and (b) polymer 40. (c) The EDS im-
ages of the F, S and O percentages of polymer 40 after treatment with
TFSA under the temperature gradient of 10 °C. Reproduced with permis-
sion from ref. 56. Copyright 2021, Elsevier B.V. 

In the Pt(II)-containing acetylide polymer 40, the inclusion 
of planar Pt(II)-acetylide block into the π-conjugated architecture 
leads to a significant enhancement of the intermolecular interac-
tion between 40 and the SWCNT, while the ligands in 
Pt(II)-acetylide unit can restrain the π-π stacking between the 
polymer backbones, thereby promoting the TE performance of 
the composites (Figure 10). As shown in Figure 10a, the polymers 
distributed evenly in the SWCNT frameworks, while the SWCNTs 
were wrapped well by the polymeric chains. With the increase of 
the SWCNT loading content (from 10% to 90%), the S of the hy-
brid films based on polymer 40 and SWCNT decreased slightly 
(from 53.5 ± 1.3 µV·K-1 to 44.3 ± 0.9 µV·K-1), whilst the σ and 
corresponding PF value of the composites gradually enhanced. 
Impressively, a PF value of 158.6 µW·m-1 K-1 was obtained from 
the temperature-dependent TE performance of 40/SWCNT 
composites (Figure 10c and d). Importantly, the energy levels and 
bandgaps have a significant impact on the activation energy of 
charge carriers, determining the performance of OTE materials. 
The optimized power factor (PF) of the obtained composite is up 
to 130.7 µW m-1 K-2 at ambient temperature, which is much 
higher than that of the composite containing the corresponding 
analogue without Pt(II) blocks (59.5 µW m-1 K-2).  

Generally, organic semiconductors in OTE applications can 
be classified as p-type (hole conduction) and n-type (electron 
conduction) depending on the paths of charge transport. How-
ever, the utilization of n-type materials in OTE field is hindered by 
the inefficient n-doping and electron trapping.[56] The insertion of 
heavy metal atoms into the conjugated backbones leads to the 
fabrication of satisfactory OTE devices by density of states (DOS) 
engineering, as the overlap between the spx orbitals of Pt(II) 
center and the σpx orbitals of the conjugated ligand can increase 
their DOS nearby the Fermi level of the polymers. As compared 
with the respective organic polymer without Pt(II) center and 
acetylene segments, the improved DOS nearby the Fermi level of 
the polymer can be achieved in polyplatinayne 40 (Figure 11a 
and b). Furthermore, interfacial engineering of the polymer films 
was conducted to endow such system with dual electronic-ionic 
transport feature by the surface protonation utilizing trifluoro-
methanesulfonic acid (TFSA). Consequently, n-type self-doping 
behavior was determined in the as-prepared films owing to the 
anion-induced electron transfer between the CF3SO3

− anions and 
the ionized π-acidic backbones, thereby promoting the electronic 
conductivity of the polymer 40-based films. As shown in Figure 

11c, the CF3SO3
− migration can be observed by energy dispersive 

spectroscopy (EDS) measurements of polymer 40 under the 
studied temperature gradient of 10 °C, which accounts for its 
high thermopower (α). The OTE devices based on polymer 40 
demonstrated superhigh α over -3150 μV K-1 with a favorable σ of 
17.1 S m-1, giving one of the best results of n-type OTE materials. 
This work provides a strong evidence for the vast prospect of 
metallopolyynes in the OTE field. 

3.2. Nonlinear optics 
The construction and performance optimization of NLO 

materials have greatly promoted the development of related 
applications, including OPL, data processing, optical switching 
and optical communication, etc. Metallated polyynes are attrac-
tive NLO materials, since the incorporation of polarizable low 
oxidation state metals with occupied d-orbitals into the conju-
gated backbone results in the extended conjugation length to 
increase the hyperpolarizability. Notably, as the rapid develop-
ment of laser technology, high-performance OPL devices are 
urgently needed to deal with the damage of laser pulses to hu-
man eyes and sensitive optical elements. The representative OPL 
mechanisms have been expatiated in our previous review,[57] 
among which reverse saturable absorption (RSA) and two-photon 
absorption (TPA) are two prevalent paradigms for the construc-
tion of OPL devices, whilst the Z-scan method is the most com-
monly utilized technology to evaluate the RSA and TPA behaviors 
in the OPL materials. 

A series of high-performance optical power limiters have 
been fabricated successfully through the design and synthesis of 
molecular/polymeric metallaynes. In 2005, the OPL capabilities 
of polyplatinaynes 2b and 46-50 were studied for the first time 
(Figure 12a).[58] The OPL capabilities of polymers 46 and 47 are 
mainly derived from the triplet absorption, whereas the ICT con-
tributes to the OPL responses in polymers 2b and 48-50 due to 
the D-A structure in their main chains. All these polymers exhib-
ited low optical limiting thresholds (Fth) in the range of 0.06 to 
0.15 J cm-2 at the linear transmittance (To) of 82%. 46, 48 and 49 
demonstrated comparable OPL performance to C60 solution, 
while the OPL ability of 2b, 47, and 50 is even superior to that of 
C60. 

Figure 12 (a) Z-scan curves of polyplatinaynes 2b, 46-50 containing dif-
ferent aromatic ligands and that of C60 solution (To = 82%). (b) Optical 
transparency of fluorene-based polymetallaynes 14b, 25, 43a, 51 and 
that of three conventional OPL materials (CuPc-tBu4, C60 and Zn-TPP). The 
inset is the photograph illustrating the light colors of these polymetal-
laynes. (c) OPL performance of 43a, 51 and the benchmark dyes. (d) PL 
spectra of 43a and 51 in CH2Cl2 at room temperature. Reproduced with 
permission from ref. 57. Copyright 2011, The Royal Society of Chemistry.



Table 1 The OPL performance of impressive polymetallaynes and molec-
ular metallaynes. 

Compound 
Fth 

a 
(J cm-2) 

To 
b 

(%) 
L c 

(mm) 
σex/σo d Reference 

14b 0.11 92 1 20.81 [31] 

25 0.08 92 1 18.32 [31] 

43a 0.07 92 1 19.07 [31] 

51 0.08 92 1 18.62 [31] 

57 0.13 92 1 17.27 [31] 

58 0.07 92 1 17.91 [31] 

59 0.1 92 1 13.0 [61] 

60 0.05 92 1 14.0 [61] 
a Optical-limiting threshold. b Linear transmittance. c Sample thickness.    
d σex and σo are the effective excited-state and ground-state absorption 
cross sections, respectively. 

Apart from the outstanding OPL efficiency, 47 also displayed 
satisfactory transparency (λmax < 400 nm), indicating its optimized 
OPL/transparency trade-off. However, the relatively poor trans-
parency of 2b and 48-50 with electron-withdrawing and elec-
tron-donating moieties suggests that the introduction of D-A 
structure to the polymer backbone is not conducive to the com-
prehensive optimization of transparency and OPL activation. 
Besides, nearly all the polymeric metallaynes exhibited superior 
OPL performance to that of their corresponding dimers owing to 
the π-electron conjugation along the polymer backbone through 
the interaction between the d orbitals of Pt(II) centers and the π 
orbitals of the ligands. Therefore, the authors put forward two 
effective approaches to improve OPL performance in metallated 
polyynes: one is by employing heavy metal atom to improve the 
triplet state yield through the enhancement of ISC rate, another 
one is by fabricating suitable D-π-A architectures in the conjuga-
tion path to facilitate the generation of ICT states. 

Inspired by the excellent OPL/transparency trade-off in 47, a 
series of polymetallaynes with single or dual metal centers have 
been prepared to investigate the influence of different metal 
centers on the OPL performance.[31] For 43a, 14b and their 
Pd(II)-containing congener, the nature of metal ions plays a cru-
cial role in determining their OPL responses. Compared with 14b 
and its Pd(II)-containing congener, 43a demonstrated better OPL 
performance owing to its higher triplet state quantum yield (ΦT) 
at ambient temperature. Moreover, the OPL effect of 14b is 
much better than that of Pd(II)-polyyne due to its strong absorp-

tion of ICT states. Consequently, the promoting effect of different 
metal centers with same ligands on the OPL performance in such 
metallated polyynes follows the order: Pt(II) > Hg(II) >> Pd(II). As 
shown in Figure 12b, 43a (λmax = 399 nm and λcut-off = 417 nm) 
and 14b (λmax = 355 nm and λcut-off = 370 nm) are both white sol-
ids with superior visible-light transparency to that of 
Pd(II)-containing polyyne (λmax = 412 nm and λcut-off = 442 nm), 
making the former two polymers excellent candidates as optical 
limiters.  

Sequentially, heteronuclear alkynyl polymers 25-27 were 
studied for the trade-off issue between OPL and transparency. 
Heterometallic polyynes 25 and 26 gave higher ΦT and lower 
fluorescence quantum yield (ΦF) as the presence of Pt(II) blocks 
induced strong SOC effect, contributing to their enhanced OPL 
ability in comparison with the corresponding Hg(II) or 
Pd(II)-based mononuclear polyynes. On the contrary, the incor-
poration of Pd(II) units in 26 and 27 leads to their weaker OPL 
responses than those of 43a and 14b with only Pt(II) or Hg(II) 
centers. It is worth noting that the inclusion of Hg(II) ions into 25 
and 27 endows them with better OPL effect than that of the re-
spective mononuclear Pt(II)- and Pd(II)-containing polyynes, 
which is attributed to the conjugation interruption effect of Hg(II) 
ions. 
The similar conjugation interruption strategy is also applied to 51 
by switching the geometry of Pt(II)-block from trans- to 
cis-structure to realize the balance of OPL capability and optical 
transparency.[59] White polymer 51 also exhibited an impressive 
transparency with the λmax and λcut-off of 364 nm and 406 nm, 
respectively, in which the λmax value afforded a distinctly 
blue-shift, confirming the effective conjugation interruption in-
duced by such a cis-structure (Figure 12b). From Figure 12c, 51 
showed comparable OPL effect to 43a, demonstrating that the 
loss in OPL caused by conjugation interruption can be compen-
sated by the positive contribution of the significantly enhanced 
ΦT in such systems. This result can also be proved by the much 
stronger triplet emission of 51 than that of 43a at 298 K (Figure 
12d). Besides, the effects of metal ion content and conjugation 
length on the OPL capability were also studied in detail. 52 and 
53 with less metal ion contents in their backbones gave weaker 
OPL responses compared to 43a and 14b, since the increased 
conjugation length in their ligands can reduce the contribution of 
metal centers and generate more π→π* transition localized on 
the ligands, leading to the decreased SOC and ΦT. Besides, the 
organometallic trimers 57 and 58 displayed  



Figure 13 (a) UV-vis absorption spectra of the symmetric and asymmetric 
Pt(II)-containing acetylides 59-67 in CH2Cl2 at 293 K. (b) Normalized 
transmittance versus incident fluence of the symmetric Pt(II)-containing 
acetylides 59-63 in CH2Cl2 (To = 92%). Reproduced with permission from 
ref. 57. Copyright 2011, The Royal Society of Chemistry. (c) UV-vis absorp-
tion spectra of the Au(I)-containing acetylides 69-71 in CH2Cl2 at 298 K. (d) 
Open-aperture Z-scan results of Au(I)-containing acetylides 69-71 (To = 
90%) and C60 (To = 85%). Reproduced with permission from ref. 62. Copy-
right 2016, Elsevier B.V. 

almost the same OPL responses compared with the correspond-
ing polymers 14b, 43a and 25, indicating that the further exten-
sion of conjugation length beyond two repeating units would not 
lead to the significantly positive effect on OPL properties of these 
metallaynes. 

The enhanced triplet emission was also observed in soluble 
Au(I)-containing polyynes 54-56.[60] The absorption of 54-56 lo-
cated in UV region endowed them with outstanding visible-light 
transparency, whilst their OPL effect was proved to rely on the 
RSA mechanism of the triplet excited states. 54 and 55 both 
demonstrated superior OPL ability than that of C60, and a proto-
type OPL device was fabricated by doping 54 to the polystyrene 
solid matrix. The as-prepared device realized a further promotion 
of the OPL performance compared to that in the solution state, 
hence providing an important method for the development of 
novel OPL devices. 

The impact of molecular symmetry and the electronic prop-
erties of ligands on the OPL performance were investigated in 
symmetric and unsymmetric Pt(II)-containing bis(acetylide) com-
plexes 59-67.[61] These compounds all exhibited excellent optical 
transparency in the visible-light window, while the variation in 
the triplet state character of 59-67 resulted in their different OPL 
properties (Figure 12a and b). From the time-dependent density 
functional theory (TD-DFT) calculations, the excited state char-
acter in 59 and 60 with two electron-donating groups (D-Pt-D 
type) is dominated by the ligand-to-metal charge transfer (LMCT) 
states, whilst 62 and 63 bearing electron-accepting moieties 
(A-Pt-A type)mainly exhibit triplet states with considerable MLCT 
character. As for unsymmetric complexes 64-67 (D-Pt-A type), 
their excited states mostly consist of the ligand-to-ligand charge 
transfer (LLCT) character. Consequently, the OPL performances in 
these Pt(II)-bis(aryleneethynylene)s follow the order: D-Pt(II)-D > 
D-Pt(II)-A > A-Pt(II)-A. Except for 63 and 66, complexes 59-67 all
showed stronger OPL capability than that of C60. 59-67 mani-
fested sizable σex/σo values in the range of 9-17, among which
the Fth of 60 was as low as ca. 0.05 J cm-2 (To = 92%).

Among the Au(I) acetylides 68-71, 68 demonstrated a re-
markable transparency (λmax = 361 nm and λcut-off = 372 nm) and 
comparable OPL performance to C60 with the σex/σo value of 
9.76.[31,62] The electronic properties of ligands also play an im-
portant role in determining the OPL capability of these Au(I) 
complexes. As illustrated in Figure 13c, 69 and 70 gave negligible 

absorption peaks in the visible-light region, leading to their bet-
ter transparency compared with 71. OPL effect in 69 and 70 was 
assigned to the RSA from the T1 states due to the Au(I)-induced 
SOC effect, while the OPL behavior in 71 was governed by TPA 
mechanism. Although the electron-rich character of the organic 
spacers follows the order: bithiazole >> acridone > fluorene, the 
order of OPL capabilities in these complexes is: 69 > 70 > 71, 
illustrating that the adoption of organic spacers with neither 
electron-rich nor electron-deficient property can improve the 
OPL effect in such Au(I)-acetylide systems (Figure 13d). At the To 
of 90%, 69 and 70 demonstrated even better and nearly identical 
OPL responses as compared with C60, respectively, indicating that 
Au(I) acetylides possess tremendous applicable value for laser 
protection. 

The extensively delocalized π-conjugated structure in 2D 
carbon materials allows them to become suitable frameworks for 
the construction of novel and adjustable NLO materials. Recently, 
free-standing mercurated graphyne organometallic nanosheets 
(MGONs) 21 and 22 were fabricated through the inter-
face-assisted bottom-up method.[8] These MGONs were prepared 
at the interface between the aqueous solution of HgCl2 and the 
hexane solution of the corresponding triacetylenic ligands. The 
polymerization of Hg(II) ions and the alkynyl monomers through 
dπ-pπ interactions enables the π-electrons to be delocalized 
along the whole conjugated frameworks, leading to the exten-
sion of π-conjugation. The bandgaps of 21 and 22 are variable in 
the range of 2.14 to 3.37 eV, while the DOS and the absorption 
characteristics are both dominated by the contribution of local 
p-orbitals. The NLO responses in these nanosheets were exam-
ined by open-aperture Z-scan technology with nanosecond laser
at 532 and 1064 nm (Figure 5). 21 demonstrated higher modula-
tion depths (As), SA intensities (Is) and the corresponding nonlin-
ear extinction coefficient values than those of 22 at the same
input energy (E0) under the laser irradiation of both 532 nm and
1064 nm, illustrating that 21 possesses the superior SA perfor-
mance compared with 22. The outstanding SA properties of 21
and 22 are ascribed to Pauli-blocking (band-filling effect) induced
by Hg(II)-polyyne frameworks with periodic structures, leading to
their great potentials in the fabrication of passive Q-switchers.

The PQS properties at 1064 nm were achieved successfully 
by using 21 and 22 as the saturable absorbers (Figure 14). 
Through the optimization of these nanosheets, the PQS perfor-
mance of 21- based nanosheets is comparable to conventional 
2D materials (for instance, black phosphorus, graphene and  

Figure 14 Passively Q-switched Nd:YAG laser properties with nanosheets 
21 and 22 as the saturable absorbers. (a) Output power (the inset is the 
laser emission spectrum) and (b) pulse width and repetition frequency 
with 21 as the saturable absorber. (c) Output power and (d) pulse width 
and repetition frequency with 22 as the saturable absorber. Reproduced 
with permission from ref. 8. Copyright 2021, Wiley-VCH.



and MoS2), whilst better pulse properties are observed in 22. 

Importantly, the laser damage thresholds of nanosheets 21 and 

22 at 1064 nm are 657 and 329 MW cm-2, respectively, while the 

highest intracavity power densities of these nanosheets in the 

PQS laser experiments are determined to be 21.2 and 28.6 kW 

cm-2, respectively. There was no thermal damage in these

nanosheets during the PQS experiments and the output was very

stable under the laser operation at high pump power, indicating

the extremely high stability of the MGONs under intense laser

irradiation. This report demonstrates the remarkable optoelec-

tronic properties of the 2D organometallic nanosheets, which can

lead to their good prospects for practical applications.

3.3. Data storage and memory devices 
The fabrication of data storage and memory devices is of 

great significance to meet the demands of the rapidly developing 
computing technology. Generally, the storage and memory de-
vices have different design specifications, data access standards 
and protocols.[63] The emerging memory technologies provide 
irreplaceable strategies to tackle the technical obstacles in con-
ventional memory devices, where metallated organic compounds 
have demonstrated remarkable application potentials for their 
tunable photoelectric characteristics, rich structure-property 
relationships, film-forming abilities and solution processabili-
ties.[64] Notably, magnetic random access memory (MRAM) and 
resistance random access memory (RRAM) can achieve the stor-
age of information through novel physical mechanisms instead of 
relying on charge storage in the capacitor, making them promis-
ing options for the production of advanced non-volatile memory 
devices. In this section, the representative studies of MRAM and 
RRAM based on polymeric and molecular metallaynes will be 
respectively discussed. 
3.3.1. MRAM 

As an appealing non-volatile memory technology, MRAM 
with high density and high speed access time can regulate the 
magnetic properties of active materials for the storage of ‘‘1’’ 
and ‘‘0’’ binary information. There are different types of MRAM 
devices fabricated by organic compounds, including spin valves 
(SVs), magnetic tunnel junctions (MTJs), bit patterned media 
(BPM), etc. BPM can store one single bit of information in an 
individual nanostructure with the easy axis of magnetization 
out-of-plane.[65] It is worth noting that ferromagnetic alloy NPs 

(for example, L10-FePt NPs) are important storage media in BPM, 
which can be obtained by using metallated polymers or mole-
cules as precursors.[66,67] A series of Fe(II)- and Pt(II)-containing 
bimetallic acetylide compounds have been developed for the 
preparation of L10-FePt NPs. 

In 2008, polyferroplatinyne 72 with excellent stability in air 
and moisture was created successfully as the precursor for fer-
romagnetic FePt NPs, which is the first example of diimine stabi-
lized cis-platinum polyyne.[68] The generation of undesired Fe2P 
and PtP2 phases after pyrolysis process can be avoided by re-
placing the phosphine ligands in Pt(II)-blocks by bipyridine-type 
ligands. The obtained FePt NPs show an average size of 4 nm 
with a narrow size distribution, while the well-faceted octahedral 
shape of these NPs indicates that they are highly crystalline (Fig-
ure 15a and b). From the energy-dispersive X-ray (EDX) elemental 
analysis, the ratio of Fe to Pt species is approximately 0.45:0.55 
in the NPs, and the slight deviation from the 1:1 stoichiometric 
ratio is derived from the faster loss of potentially volatile 
Fe(II)-containing fragmentation products in comparison with the 
Pt(II)-containing ones during the pyrolysis process. As shown in 
Figure 15c and d, polymer 72 can be used directly as a negative 
resist to fabricate FePt NP patterns with high magnetocrystalline 
anisotropy through both electron-beam lithography and UV 
photolithography methods, endowing the patterns with excellent 
shape retention and well-defined edges. 

Figure 15 (a) TEM bright-field image of the nanoparticles prepared from 
polymer 72, (b) high-resolution TEM (HRTEM) image of a single nanopar-
ticle with octahedral shape. Optical micrographs of polymer 72 (c) mi-
crobars obtained by electron-beam lithography and (d) patterns fabri-
cated using UV photolithography with a chrome contact mask. Repro-
duced with permission from ref. 68. Copyright 2008, Wiley-VCH.



Figure 16 SEM images of the nanoimprinted (a) line array pattern and (b) dot array pattern of polymer 73. MFM images of the nanoimprinted dot array 
pattern of FePt NPs field-annealed in the (c) -Z magnetic direction and (d) +Z magnetic direction. Reproduced with permission from ref. 66. Copyright 
2012, Wiley-VCH. SEM images of the nanoimprinted (e) line array pattern, (f) hexagonal pillar array pattern and (g) hole array pattern of complex 79 after 
pyrolysis. Reproduced with permission from ref. 74. Copyright 2018, Springer Nature. 

Generally, there are two solution-processed strategies to 
achieve BPM based on L10-FePt NPs: self-assembly and nanoim-
print lithography (NIL). 73 with excellent solubility and 
film-forming ability was successfully used to prepare array pat-
terns of L10-FePt NPs through the NIL technique (Figure 16a and 
b).[66] The L10-FePt NPs can be obtained directly after the pyroly-
sis of 73 without any post-annealing treatment, exhibiting spher-
ical morphology and high crystallinity. The average size of the 
as-prepared NPs is confirmed to be 4.6 ± 1.2 nm with a narrow 
standard deviation, and the atomic ratio of Fe(II) to Pt(II) is ap-
proximately 1:1, which is in line with the stoichiometry in 73. The 
nanopatterned samples showed a coercivity as large as 14 kOe at 
room temperature, and the prototype BPM based on 73 gave an 
areal density of 2.58 Gb in-2. From the magnetic force microscopy 
(MFM) images, the magnetization direction of the patterned 
L10-FePt NPs can be manipulated to point ‘‘up’’ or ‘‘down’’ by 
applying an external magnetic field with alternate magnetic field 
directions (Figure 16c and d), thereby providing a promising 
platform for the development of magnetic recording systems. 

Sequentially, FePt-containing metallopolymers 74 and 75 
were prepared to further investigate the effect of pyrolysis tem-
perature on the size and magnetic properties of the resulting 
FePt NPs.[69] It should be noted that these polyferroplatinynes 
possess low solubility in common organic solvents Nearly 
equiatomic L10-FePt NPs were obtained in a single step by em-
ploying 74 and 75 as the molecular precursors. Compared to the 
NPs synthesized from 74 with the average sizes in the range of 
11.3-14.7 nm, NPs generated from 75 showed smaller particle 
sizes of 6.3-7.78 nm, which was ascribed to the higher onset 
decomposition temperature of 75. Importantly, the average size 
of the prepared FePt NPs decreases with increasing the pyrolysis 
temperature, since the higher temperature leads to more rapid 
fracture of chemical bonds while the organic fragments can pro-
tect the FePt seeds from further sintering.[70] The resulting FePt 
NPs are in well-faceted spherical shape, whilst the NPs prepared 
from 75 demonstrate a higher coercivity than that of 74-based 
NPs owing to their smaller particle size. Thus, for these two 
FePt-containing polyynes, a higher pyrolysis temperature endows 
the resulting L10-FePt NPs with both smaller size and larger coer-
civity. 

76 with enhanced overall solubility in common organic sol-
vents was fabricated by attaching the ferrocene to the aromatic 
ring spacer via a freely-rotating O-bridge. This structure endows 
76 with improved solubility and solution processability, contrib-
uting to the construction of nanoscale patterns via NIL.[71] With 
the utilization of 76 as the single-source precursor, high-
ly-ordered FePt NPs were successfully prepared after thermal 

annealing process under an Ar/H2 (v/v = 95/5) atmosphere. 
These NPs exhibited regular shape with an average size of 12.7 
nm and an ultrahigh coercivity of 36 kOe, as the presence of H2 
can facilitate the formation of face-centered tetragonal (fct) 
phase, whereas the NPs prepared in pure Ar existed as a mixture 
of the face-centered cubic (fcc) and fct phases. Nanoscale line 
and dot arrays for BPM were patterned successfully, demon-
strating the application potentials of this method for ultra-
high-density magnetic data storage. 

The functional bimetallic unit is attached to the side chain of 
copolymer 77 for the synthesis of L10-FePt NPs, which exhibit a 
nearly equal atomic ratio for Fe to Pt species and spherical shape 
with an average size of around 7.4 nm.[72] Besides, polymer 77 
showed good air-stability and thermal stability. However, the NPs 
synthesized from the corresponding molecular analogue of 77 
belong to the FePt3 phase with the atomic ratio of 30:70 (Fe:Pt). 
NPs prepared from 77 also displayed a higher coercivity of 7.2 
kOe as compared with the NPs based on the small molecule (0.6 
kOe), since the magnetic coercivity of FePt phase is higher than 
that of FePt3 phase. These results indicate that the spatial struc-
ture of precursor possesses an important impact on the nuclea-
tion process of FePt NPs. Polymer 77 was successfully patterned 
by high-throughput NIL method, and the featured nanoline 
structures from the stamped template can be maintained after 
the pyrolysis of the patterned substrate. The organic skeleton 
was decomposed while the L10-phase FePt NPs were obtained in 
situ, indicating the feasibility of this strategy for the application 
of BPM recording media. 

Amphiphilic metallopolymers 78a and 78b can be synthe-
sized by attaching the hydrophilic poly(ethylene glycol) (PEG) 
chains to the hydrophobic bimetallic complex cores, in which the 
molecular weights of PEG chains are 550 and 1000, respective-
ly.[73] The PEG tails can be utilized as the protective layer during 
pyrolysis while enable the NPs to disperse more evenly, suggest-
ing that the particle size can be regulated by changing the length 
of the PEG chains to some extent. The average sizes of FePt NPs 
synthesized from 78a and 78b are measured to be 24.7 nm and 
8.2 nm with the coercivities of 9.6 kOe and 1.3 kOe, respectively, 
and the higher coercivity of the former NPs is ascribed to their 
higher crystallinity. The discrepancy in the saturated magnetic 
moments of NPs based on 78a (12.5 emu g-1) and 78b (6.1 emu 
g-1) is derived from the different mass of PEG chains in these 
bimetallic precursors. Besides, the amphiphilic structure in such
polymers enables the FePt-containing blocks to assemble to-
gether for the formation of PEG-tailed bimetallic aggregates,
contributing to the uniform morphology of the resulting FePt NPs



Small molecular bimetallic complex 79 with hemiphasmidic 
structure was created as the single-source precursor for L10-FePt 
NPs.[74] The rigid coplanar bimetallic cores and the surrounding 
flexible tails in 79 lead to the spontaneous molecular arrange-
ments, generating the highly ordered negative morphology rep-
licated from the soft template. The inclusion of a dendritic group 
into 79 can achieve the effective regulation of the spatial prop-
erty while weaken the molecular interactions, thus resulting in 
the relatively small average size of FePt NPs (9.5 nm). Besides, 
the as-prepared NPs showed nearly equal atomic ratio of Fe to Pt 
species, which also demonstrated the saturated magnetic mo-
ment of 25.3 emu g-1 in the magnetic field of 6.5 T with the coer-
civity of 10.6 kOe at room temperature. Importantly, the molec-
ular structure of the precursor is a crucial factor in determining 
the size of NPs, but with negligible influence on their coercivities. 
Complex 79 was patterned successfully in line, hexagonal pillar 
and hole morphologies through NIL, indicating the practical utili-
ty of this strategy (Figure 16e-g). The line arrays prepared by 
using DVD-type soft template are suitable candidates for com-
mon DVD recording media. This work describes the approach to 
prepare ordered patterns by utilizing small molecular organome-
tallic complexes as precursor for the first time, leading to their 
promising applications in magnetic data recording field. 
3.3.2. RRAM 

RRAM devices with simple components have aroused exten-
sive research interest owing to their unique advantages, includ-
ing good scalability, fast writing and reading, low power con-
sumption, high switching endurance and large capacity for data 
storage. There are two electrical switching characteristics in 
RRAM devices: volatile and non-volatile types. Non-volatile 
switching can be classified into three categories according to the 
current-voltage curves: write-once-read many times (WORM) 
resistive switching, reversible unipolar switching, and bipolar 
switching behaviors. The exploration of organometallic materials 
for RRAM application has bright prospects, since the tunable 
structures and reversible redox processes in these compounds 
play an important role in the generation of electrical bistates and 
multistates.[63] 

A series of Au(III)-acetylide complexes were reported by 
Yam’s group for RRAM applications. Bis-cyclometalated com-
pound 80 with donor-acceptor structure is the first example of 
small-molecule organometallic complex applied in organic 
memory.[75] The lower-energy band (391-408 nm) in the elec-
tronic absorption spectra of 80 is mainly ascribed to a met-
al-perturbed intraligand (IL) π-π* transition of 
2,6-bis(4-tert-butylphenyl)pyridine (tBuC^N^CtBu), while the 
structureless emission at around 600 nm is derived from the 
excited state with 3LLCT character 
[π(C≡C−C6H4N(C6H5)2-p)→π*(tBuC^N^CtBu)]. The memory 
mechanism of 80-based devices is assigned to the stable 
charge-separated state generated by the electron transfer from 
the electron donor (the diphenylamino substituent in phenyl-
alkynyl moiety) to acceptor (tBuC^N^CtBu unit) in an electric field. 
Consequently, the ITO/80/Al device demonstrated an impressive 
memory performance with the low operating voltage (2.2-2.8 V), 
the high ON/OFF current ratio (>105), the long retention time 
(>104 s), as well as the good stability. 

Sequentially, phosphole oxide-containing Au(III) complex 81 
was prepared by replacing the triphenylamine unit with benzo-
phosphole oxide group.[76] As illustrated in Figure 17a, the 
spin-coated layer of 81 was utilized to fabricate the memory 
device (ITO/81/Al), which showed a smooth surface owing to the 
ordered molecular arrangement and weak π-π stacking in the 
complex thin film, contributing to the efficient charge transfer 
and the low threshold voltage (Vth1 = 1.54 V, Vth2 = 2.64 V). The 
ternary memory behavior in this device was confirmed by the 
two transitions in conductivity which represents two “writing” 

processes and the three conductive states (OFF, ON1, ON2) with 
different  

Figure 17 (a) The composition of the memory device fabricated by com-
plex 81. (b) Current-voltage characteristics of the device. (c) Stability of 
the memory device at different states under a constant voltage stress at 1 
V. (d) Schematic diagram of the charge injection processes in the memory 
device. Reproduced with permission from ref. 76. Copyright 2016, Amer-
ican Chemical Society. 

and the three conductive states (OFF, ON1, ON2) with different 
current ratios (1:103:107) (Figure 17b and c). Besides, the ON2 
state can transfer to OFF state when the power is switched off, 
indicating the static random-access memory (SRAM) character of 
the as-prepared device. The HOMO and LUMO energy levels are 
measured to be -6.06 and -2.79 eV, respectively, and the energy 
gap is 3.27 eV (Figure 17d). The multilevel memory behavior in 
this device is ascribed to the two distinct charge-trapping sites in 
the tridentate ligand (tBuC^N^CtBu) and the benzophosphole 
oxide unit, which demonstrates different electron-withdrawing 
abilities to stepwisely hinder the mobility of charge carriers. This 
work illustrates that the introduction of electron-accepting moi-
ety to such cyclometalated alkynyl-Au(III) complexes can realize 
the manipulation of memory behavior and performance, thereby 
promoting the data storage capacities in organic memory sys-
tems. 

Cyclometalated N^C^N Pt(II) alkynyl complexes 82a-82c were 
prepared and applied in the construction of organic memory 
devices.[77] From the electrochemical examination, 82c exhibited 
a less positive potential (+0.53 V vs SCE) than those of 82a (+0.71 
V vs SCE) and 82b (+0.67 V vs SCE) due to the presence of more 
π-conjugated and π-donating oligothienylenevinylene alkynyl 
ligand, indicating that the oxidation was dominated by the al-
kynyl ligand with the mixing of metal-centered contribution. The 
intense absorption bands of 82a-82c in the range of 299-375 nm 
are ascribed to the IL π→π* transitions of the alkynyl and cy-
clometalated N^C^N ligands, whereas the low-energy absorption 
bands of 82a and 82b at around 426-506 nm are attributed to 
the ICT transitions of the D-A alkynyl ligands accompanied by the 
MLCT/LLCT transition. The memory device based on 82a demon-
strated WORM-type binary memory behavior with a relatively 
low operating voltage of 3.5 V, high ON/OFF ratio (> 105) as well 
as long retention time (> 104 s), which are comparable to the 
aforementioned devices based on Au(III)-containing complexes. 
This work provides the fabrication of memory device based on 
the electric switching effect, which is attributed to the CT process 
between the donor and acceptor moieties in Pt(II)-containing 
alkynyl complexes. 



3.4. Chemo/biosensing 

As important branches of organic electronics, numerous 
chemo/biosensing methods have been established to meet mul-
tiple detection requirements. Typically, chemo/biosensors consist 
of receptor units and signaling units, the former are responsible 
for binding the analytes selectively, while this specific interaction 
can be reflected by the latter through the changes in optical or 
other properties. Notably, these two parts can be incorporated 
into metallated complexes or conjugated polymers, providing a 
scalable platform for the construction of chemo/biosensors. 

Pt(II)-acetylide polymer 83 was prepared as a chemosensor 
for the detection of metal cations, in which the 2,2’-bipyridine 
units in the backbone provide ideal transition metal ion binding 
sites in the sensing process.[78] In most cases, the metal 
ion-bipyridine complexation leads to the phosphorescence 
quenching in the polymer and the corresponding model complex. 
The addition of Cu2+ and Ni2+ results in a more efficient phospho-
rescence quenching in polymer as compared to its model com-
plex, proving the amplified signal output effect of polymer 83 in 
the sensing process. Moreover, 

Figure 18 (a) Absorption spectra of polymer 84 in the presence of various 
metal ions in degassed water, [84] = 5 × 10-6 mol/L, [Metal ion] = 1 × 10-5 
mol/L. The inset is the photograph illustrating the special color change of 
84 in the presence of Ag+ ions as compared with other representative 
metal ions. (b) Absorption spectral response of 84 upon the addition of 
Ag+ ions, [84] = 5 × 10-6 mol/L. Reproduced with the permission from ref. 
79. Copyright 2011, American Chemical Society. (c) Vapochromism of 88
after exposure to different solvent vapors. (d) Fluorescence responses of
88 towards cysteine in the presence of various amino acids after excita-
tion at 310 nm. Black bars represent the fluorescence intensity of the
solution of 88 after the addition of various amino acids. Red bars repre-
sent the fluorescence intensity of the solution upon further addition of
cysteine. Reproduced with permission from ref. 82. Copyright 2016,
Wiley-VCH. 

the discrepant quenching capability of 83 for various metal ions 
is principally derived from the intrinsic quenching efficiency of 
different metal ion-bipyridine complexes with different associa-
tion constants, laying a good foundation to semi-quantitative 
analysis. 

Conjugated polyelectrolyte 84 containing the aspartic ac-
id-substituted fluorene spacer was applied as a chemosensor, 
showing excellent water solubility, processability and ionic na-
ture.[79] 84 demonstrated the intriguing fluorescent and phos-
phorescent dual emission in pure aqueous medium at room 
temperature. The sensor based on 84 can afford the direct col-
orimetric detection of Ag+ ions in aqueous media with high selec-
tivity and sensitivity, which is attributed to the introduction of 
electron-rich amino acid groups in the side chains and the ISC 
process induced by Ag+. The addition of Ag+ ions into the solution 
of 84 results in the increased phosphorescence intensity and 
decreased fluorescence intensity accompanied with the red 
shifts in their emission peaks. This Ag+-responsive color change 
from colorless to yellow can be observed by naked eyes and de-
tected quantitatively by absorption spectroscopy (Figure 18a and 
b). 

The membrane of 85 was employed as a surface acoustic 
wave (SAW)-based sensor towards relative humidity and chemi-
cal vapors.[80] The films exhibited nanoscale columnar growth at a 
vertical edge of the cracked membrane in the scanning electron 
microscopy (SEM) observation. The exposure of the membrane 
of 85 to the detected analytes brings a change to the phase ve-
locity of SAW, exhibiting a phase shift in the output electric sig-
nals of the electroacoustic device. This device demonstrated a 
satisfactory sensitivity in very low humidity conditions (relative 
humidity < 10%). Besides, polymer 85 is also sensitive to acetone 
and methanol, whereas the sensitivities of 85 towards these 
analytes are relatively lower than that for relative humidity. A pH 
sensor was developed based on Pt(II)-acetylide polyelectrolyte 
86, which displayed long-lived phosphorescence from the triplet 
ππ* excitons.[81] The significant changes in the photophysical 
properties of the prepared polymer during the sensing process 
are ascribed to the variation in the conformational states of 86 
under different pH conditions. The carboxyl groups are proto-
nated at low pH condition with the formation of polymer aggre-
gates comprising face-to-face stacked chains, which leads to the 
blue shift in absorption spectra and the quenching of phospho-
rescence. 

Complex 87 containing dual-recognition sites was fabricated 
for the detection of benzene vapor.[36] There are two host-guest 
recognition units in the square-planar structure: one is the 
H-bond site between two phenylacetylene ligands, another one
is the π-π stacking site above the phenanthroline rings which
provide strong π-π interactions with the aromatic analytes. By
exposing 87 to different saturated volatile organic compound
(VOC) vapors, it exhibited a high sensitivity towards benzene
compounds by presenting a red color under ambient light. 87
also gave a red luminescence with the strong emission band
centered at 634-654 nm under UV light irradiation. However,
yellow color or the yellow luminescence was found in this system
when 87 was treated with other VOCs, indicating its remarkable
sensitivity towards benzene compounds. 

Luminogen 88 was decorated with functional aldehyde units 
to promote its photophysical properties via donor-acceptor in-
teraction.[82] The compound in ordered crystalline aggregates 
showed a stronger fluorescence in solution with a moderate 
water content (70%), while the increased water content resulted 
in the formation of amorphous aggregates accompanied by low-
er fluorescence intensity. Compound 88 and its analogue without 
Pt(II) ion both demonstrated crystallization-induced emission 
enhancement (CIEE) feature, and their crystalline states are more 
suitable to be utilized as emitters compared to their grinded 



states. Such unique optical behavior is mainly derived from the 
weak intermolecular hydrogen bonding and C-H···π interactions 
in the crystalline states. As demonstrated in Figure 18c, different 
emission peak maxima were detected due to the exposure of 88 
in various solvent vapors. This system also showed a high selec-
tivity towards cysteine with a chemodosimetric response in 
physiological conditions (Figure 18d). 

Pt(II)-containing terpyridyl complex 89 was employed for the 
effective detection of G-quadruplex and nuclease activity.[83] By 
using K+ ions to stabilize the short G-rich oligonucleotides, 89 
demonstrated self-assembly behavior via Pt(II)…Pt(II) and π-π 
interactions triggered by the formation of G-quadruplexes. The 
electrostatic interaction between the positively charged complex 
89 and the negatively charged G-quadruplex provides a basis for 
such aggregation process. With the presence of oligonucleotide 
TGGG and the stabilizing ion K+, the addition of 89 into the sys-
tem leads to a new absorption band at around 550 nm as well as 
an emission band in the NIR region, indicating the successful 
self-assembly of 89. Furthermore, the nuclease activity can be 
monitored by the spectral variation of 89, which is also based on 
its self-assembly characteristics. This work can put forward a 
detection method towards both the formation of DNA 
G-quadruplex and nuclease activity without the labeling opera-
tion or the formation of covalent bonds between
Pt(II)-containing complex and the oligonucleotides.

4. Conclusions and perspectives

In conclusion, the structures and properties of polymeric and 
molecular metallaynes containing platinum, mercury and gold 
are discussed in this perspective article with their optical, elec-
tronic and magnetic applications. Numerous acetylide-containing 
metallated polymers and molecules with specific functions have 
been developed through their rational design and deliberate 
chemical synthesis, which is closely linked to the in-depth explo-
ration of the structure-property relationships in these com-
pounds. The appropriate selection of metal centers, auxiliary 
ligands and organic spacers endows these organometallic sys-
tems with controllable properties, leading to their promising 
applications in energy conversion, nonlinear optics, data storage 
and memory, as well as chemo/biosensing. Among them, OLEDs 
and solar cells are two representative categories of optoelec-
tronic devices for energy interconversion, whilst the emerging 
application of metallated polyynes as the OTE materials has also 
been exploited in recent years. These efficient energy conversion 
strategies are undoubtedly of great significance to circumvent 
the energy crisis in our society nowadays. Furthermore, the uti-
lization of such metallated conjugated compounds in MRAM and 
RRAM devices has been explored successfully, thereby providing 
scalable approaches to meet the memory and data storage de-
mands of the forthcoming Big Data era. Obviously, the research 
on functional acetylide-containing metallated compounds has 
consistently contributed to the developments in the optoelec-
tronic and materials science fields. 

Since the pivotal role of metal centers has been demon-
strated in these Pt(II)-, Hg(II)-, Au(I)- and Au(III)-containing con-
jugated systems, the library of organometallic acety-
lide-containing compounds can be further expanded by deploy-
ing other transition metal blocks to acquire abundant molecular 
structures and diversified functions. Although polymeric and 
molecular metallaynes with group 8 metal centers have aroused 
extensive research attention in the past few years, there are 
relatively less reports focused on these compounds compared to 
their group 10 metal-based counterparts. It is worth noting that 
the photophysical properties and redox behaviors of such group 
8 metal-based systems, especially of those with Fe(II) or Ru(II) 

centers, have been investigated to a certain extent, revealing 
their impressive potentials in related optoelectronic applications. 
By contrast, there are only limited reports on group 9 met-
al-based acetylide-containing compounds due to the low stability 
of these metal centers. However, these compounds exhibit in-
triguing photochemical properties which are different from their 
counterparts bearing other metal ions.[84] Furthermore, reports 
focused on various metallopolymers and metal-organic com-
plexes provide valuable references and available synthetic strat-
egies for the construction of organometallic systems bearing 
various metal elements.[85-90] Therefore, research endeavor still 
needs to be focused on the development of other novel organ-
ometallic systems to conquer the obstacles remained in this field. 
We believe that this research topic is essential to elucidate a 
comprehensive evaluation of the impact of different metal cen-
ters on the material properties and the struc-
ture-function-activity relationships in various metallic conjugated 
systems, thereby leading to their practical applications and 
commercial prospects in the greater context. 

Evidently, the rapid development of these applica-
tion-oriented organometallic polyynes is inextricably bound up 
with their devisable chemical structures and geometric configu-
rations, which are both derived from the diversified synthetic 
methodologies. Encouraged by the successful explorations of 
rigid-rod 1D polymetallaynes, research attention has been 
turned to the multi-dimensional organometallic materials. In 
particular, the highly-ordered conjugated architectures in 2D 
organometallic materials contribute vastly to the remarkable 
stability and enhanced optoelectronic performance in these ma-
terials. Although graphynes have been developed as an emerging 
type of carbon-rich materials in recent years, the studies about 
metallated graphynes are still in an initial phase, where the lim-
ited areas and unsatisfactory film-forming properties hinder their 
practical applications. Our successful attempt in preparing 
Hg(II)-based graphyne nanosheets by the bottom-up method 
provides a unique perspective to address these issues. From the 
preliminary studies, this approach can also be applied to obtain 
the large-area nanosheets with other metal chromophores (for 
instance, the square-planar Pt(II) blocks). These results offer an 
enlightening paradigm for the fabrication of novel 2D metallated 
graphynes, in which the geometric configuration and macro-
scopic morphology can be regulated by adopting various metal 
building blocks and auxiliary ligands. Noteworthily, the synthetic 
variability allows the introduction of necessary heteroatoms as 
redox or active sites to such organometallic nano-frameworks, 
which can enormously broaden the potential applications of 
these 2D polymeric materials. According to our recent reports, 
ultrastable electroreduction of CO2 to CO can be realized with 
the selectivity of nearly 100% by deploying metalloporphy-
rin-linked mercurated graphynes as the catalyst, whilst the com-
bination of mercurated graphyne HgL1 and carbon quantum dots 
leads to high-efficiency photoinduced H2O2 production, indicat-
ing the bright application prospect of 2D metallated graphynes in 
the energy field.[91-92] Further investigation and refinement fol-
lowing this direction will definitely lead to an insightful compre-
hension of the fascinating optoelectronic behaviors and struc-
ture-property-function relationships in such multi-dimensional 
organometallic conjugated systems. It is foreseeable that con-
siderable cutting-edge applications of such organometallic 
nanosheets will be developed by the persistently experimental 
and theoretical explorations in this field, which are attractive to 
both academic research and industrial exploitation. 
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