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Introduction
The continuing development in the area of conjugated poly(metalla-yne)s during the 

last few decades is the result of interdisciplinary research interests of chemists, physicists, 
materials scientists and engineers [1].This class of materials provides a good opportunity for 
coupling the chemical, electronic and optical properties of the metal complexes to those of the 
organic moiety [2]. Conjugated poly(metalla-yne)s are of considerable interest to academic 
and industrial researchers because of their potential application in electronics and photonics. 
The synthetic flexibility, ease of processing, and the possibility of tailoring properties to 
accomplish a desired function makes them attractive candidates for diverse applications in 
materials science. Today, they find applications in Light Emitting Diodes (LEDs), Liquid Crystal 
Displays (LCDs) [3], sensors [4], Nonlinear Optical (NLO) materials [5], optical switches [6], 
optical data storage devices, signal processing [7] and photovoltaic devices (PVs) [8]. The 
high demand for poly(metalla-yne)s, especially in Opto-Electronic (OE) devices is due to 
their versatile nature, cost-effectiveness and easy processability compared to conventional 
inorganic semiconductors, which have high costs and labor-intensive fabrication procedures 
[9]. Figure 1 depicts a general chemical formula of poly(metalla-yne) backbone. Poly-ynes 
consist of a varying number of C≡C units, a spacer group R, and auxiliary ligands around 
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Abstract
Conjugated poly(metalla-yne)s have attracted the interest of academic and industrial researchers working 
in the field of material chemistry. This review highlights advances made in the field of conjugated Pt(II) 
based poly-ynes. This include some basic aspects of conjugated Pt(II) poly-ynes; synthetic methodologies, 
structure-property relationships. Some examples of synthesizing non-platinum metalla-ynes are also 
included. In the application part, the major focus has been directed on the optoelectronic (OE) properties. 
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metal ions, e.g. trialkyl or triaryl phosphines. The overall physico-
chemical properties of the conjugated materials depend on the 
number of triple bonds, spacer groups, heavy metals and phosphine 

ligands [10]. Many macroscopic properties of the materials can be 
tuned by varying these components of a polymer at the microscopic 
level [11].
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Figure 1: General chemical formula of (A) an octahedral and (B) a square planar poly(metalla-yne) backbone. R = 
aromatic and/or heteroaromatic spacers, M = group 6-9 metal ions for (A) and 10-12 metal ions for (B), L = auxiliary 

ligands and n = Degree of polymerization.

Now it is an established fact that the aforementioned properties 
of conjugated poly-ynes are structure-dependent, i.e. the properties 
of the materials can be tuned by varying the chemical structure. 
For example, conjugated organic poly-ynes are known to show low 
fluorescent emission (maximum up to 25%) [12] and lack a “spin-
flip” mechanism. When a heavy metal atom is incorporated into 
the backbone, it enhances the luminescence properties of the host 
materials by a process known as “Spin-Orbit Coupling” (SOC) [13]. 
The resulting SOC allows an efficient ISC and consequently leads to 
a huge yield of T-excitons (theoretically 100 %) [14]. The extent of 
SOC and the colour of the luminescence varies from metal to metal. 
It has also been found that the incorporation of these metal centers 
and their associated phosphine ligands enhance the solubility of 

the organic poly-ynes [15].

Among metal containing poly-ynes, Pt(II) poly-ynes are 
the most studied poly(metalla-yne)s. These complexes have 
attractive chemical and photophysical properties such as high 
stability, emission in the visible region, high emission quantum 
yields and long excited state lifetimes. Over the past few decades, 
comprehensive research has been conducted on conjugated 
poly(metalla-yne) materials [16]. This has led to the discovery of 
several new functional materials with fascinating properties and 
applications. This review paper describes the design and synthesis 
of conjugated poly(metalla-yne)s, structure-property relationships 
and applications.

Discussion
Synthesis of metalla- di-, Oligo- and poly-ynes
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Figure 2: Synthetic protocol for poly(metalla-yne)s.

The accidental discovery of the synthetic methodology of 
ethynyl compounds was reported by C. Glaser in 1869 [17]. He 
discovered the homo-coupled product of terminal alkynes. Since 
then the synthesis of oligo-ynes or poly-ynes with precisely 

defined length, and chemical composition has attracted the 
attention of polymer chemists. For the synthesis of pre-defined 
C≡C and C‒M bonds, several cross-coupling reactions between 
organometallic reagents and organic halides/other electrophiles 
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have been employed. Classically, to introduce ethynyl moieties as 
substituents onto an aromatic ring and to synthesize a polymeric 
material, a sequence of Sonogashira, Stille, and Hagihara type 
metal-catalyzed coupling reactions are commonly used [18,19]. 
The following sub-sections discuss some of the important 
classical and recent methodologies employed for the synthesis of 
conjugated metal-containing compounds, from di-ynes through 
oligo-ynes to poly-ynes. Metalla-diynes, oligo-ynes and poly-ynes 
are generally synthesized by using a variety of reactions including 
dehydrohalogenation condensation reactions, oxidative coupling, 
ethynyl ligand exchange reactions, transmetallation/metathesis 
reactions, C-H activation and vinyledene methods (Figure 2). The 
oxidative coupling reaction is generally employed for the synthesis 
of terminal alkynes, while the alkynyl ligand exchange reaction is 
particularly used for Ni-containing poly-ynes. All these methods 
have their merits and demerits, which have been comprehensively 
reviewed [16,20].

Takahashi S and co-workers [21,22] first reported the synthesis 
of soluble group 10 poly(metalla-yne)s using dehydrohalogenation 
reaction. However, use of an amine solvent was a major drawback 
of this method as the metal phosphine precursor complexes other 
than those of the group 10 elements are unstable in amine. To 
overcome this limitation, inspired by the work of Lappert [23]. 
Davies SJ et al. [24] developed a more general method for the 
synthesis of poly(metalla-yne) s (Figure 3). This method has the 
ability to produce poly-ynes of higher molecular weight than that 

previously reported by Takahashi S et al [22]. In this method bis-
trimethylstannyl(ethynyl) (L) offered an excellent precursor for 
synthesizing metalla-diynes, oligo-ynes and poly-ynes in high 
yields. When trans-M(PnBu3)2Cl2 (M=Ni, Pd, Pt) was treated with 
1.0 equiv. of (L), the metal poly-yne (A) was produced in comparable 
yields. Similarly, treatment of 2.0 equivs. of (L) with 1.0 equiv. of Pt-
precursor trans-Pt(PnBu3)2Cl2 afforded the product (B) having one 
Pt atom ligated by two trans-acetylide groups and trimethylstannyl 
acetylide moieties. An in-situ reaction of (B) with excess of trans-
Pt(PnBu3)2Cl2 gave (C), with three Pt atoms linked together by two 
di-acetylide units. 

Furthermore, the versatility of the trimethylstannyl(ethynyl)s 
allowed facile synthesis of poly(metalla-yne)s incorporating metals 
of group 9. When tetrakis(trimethyl-phosphine) rhodium(I) chloride 
Ph(PMe3)4Cl was treated with 1.0 equiv. of trimethyl(phenyl-
ethynyl)stannane, it produced (D); however, in the presence of 
excess of trimethyl(phenyl-ethynyl)stannane, a new complex mer-
trans-[Rh(PMe3)3(SnMe3)(C≡CPh)2] (E) was reported in good yield. 
Likewise, changing the stoichiometry and reactants, formation of 
other species like (F) and (G) were also reported (Figure 3). The 
main attractive features of this method were its generality and 
versatility over the other methods. It can be used to produce both 
the metalla di-ynes and poly(metalla-yne)s of Ni, Pd and Pt having 
high M.W., good yields (>96%) and purity. However, the neurotoxic 
nature of the trimethyl tin chloride (Me3SnCl) reagent restricted the 
use of this method [25].
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Figure 3: Synthesis of Pt(II) and Rh(I) complexes.
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Fyfe HB et al. [26] reported a high-yield C-H activation method 
for preparation of dinuclear and oligomeric Rh complexes linked 
to conjugated acetylides (Figure 4). When [Rh(PMe)3Me] was 
treated with bis-acetylide incorporating varying aromatic spacers 
in 2:1 stoichiometry in THF, a molecule of methane was lost to yield 
(a). However, when the stoichiometry of the starting materials 
were reversed (1:2), mononuclear Rh(III) complexes mer-trans-
[Rh(PMe3)3(H)(C≡C‒X‒C≡CH)2] (c) were obtained. When these 

two reactants were used in 1:1 stoichiometry, a rigid-rod poly-yne 
(b) was produced. A model complex (d) and its corresponding 
poly(metalla-yne) (e) were also reported by the treatment 
of [Rh(PnBu3)4BPh4] with phenylacetylene (2.0 equivs.) and 
1,4-diethynylbenzene (1.0 equiv.) in the presence of strong base 
(MeLi). In this reaction, the only by-products of the polymerization 
reactions are CH4 and PR3. 

L = PMe3
X = none, p-C6H4, p-C6H4-C6H4-p, p-C6F4
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Figure 4: Synthesis of Rh(I) di-ynes and poly-ynes via C-H activation method.

Recently, Fyfe HB et al. [27] reported the use of Sonogashira-
type cross-coupling reactions in the preparation of a range of 
Ru buta-1,3-diynyl complexes from a common Ru(C≡CC≡CH)
(PPh3)2Cp platform (2) which was obtained from fluoride-induced 
desilylation of the readily available complex Ru(C≡CC≡CSiMe3)
(PPh3)2Cp (1) (Figure 5). This strategy obviates the need to prepare 
different di-yne ligands for each and every complex, providing rapid 
access to a range of complexes with various aryl buta-1,3-diynyl 
ligands. Reaction of (2) with the aryl iodides in diisopropylamine co-
catalyzed by a simple Pd(PPh3)4 (5 mol%)/CuI (10 mol%) mixture 
gave the substituted buta-1,3-diynyl complexes Ru(C≡CC≡CAr)

(PPh3)2Cp (3) in moderate yield. These examples illustrate the 
versatility of the “chemistry-on-complex” strategy; through this 
approach buta-1,3-diynyl complexes with electron-withdrawing 
(C6H4CN) (3)a, electro-neutral (C6H4Me) (3)b, electron-donating 
(C6H4OMe) (3)c, or metal surface contacting (2,3-dihydrobenzo[b]
thiophene (DHBT) (3)d; C5H4N (3)e) substituents have been 
obtained. The process is suitable for the preparation of “simple” 
buta-1,3-diynyl complexes, i.e., those bearing substituents, 
which are chemically and functionally rather complex, such as 
2,3-dihydrobenzo[b]thiophene (3)d and pyridine (3)e, and more 
elaborate bis(diynyl) complexes such as (5).

Ru TMS
Ph3P PPh3

Ru H
Ph3P PPh3

(b)

Ar-I
Ru Ar

Ph3P PPh3

Ru
Ph3P PPh3

Ru
Ph3P PPh3
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II(c)
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Ar = CN CH3 OCH3 S N

(3)a (3)b (3)c (3)d (3)e

(1) (2) (3)

(4) (5)

Reagents and Conditions: (a) TBAF; (b) Pd(PPh3)4, CuI, iPr2NH, and (c) Pd(PPh3)4, CuI, iPr2NH, Air.

(a)

Figure 5: Sonogashira type reaction for the synthesis of Ru-buta-1,3-diynyl complexes.
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Liu Y et al. [28] reported the synthesis of mono-dispersed Pt(II) 
oligo-ynes of precise length using an iterative convergent approach 
(Figure 6). The method uses Pt(II)-ethynyl units as building blocks in 
which terminal acetylenes were protected using the TMS protecting 
group. Figure 6 depicts the conversion of 1,4-dibromobenzene 
(1) to 1,4-diethynylbenzene (4) via a diol compound (2). Selctive 

conversion of 3 → 4 was achieved at -78 °C using THF/BuLi/TMSCl 
system. Refluxing 4 with 1.0 and 0.5 equiv. of cis-dichlorobis(tri-n-
butylphosphine)Pt(II) salt afforded 5 and 6, respectively. Similiarly, 
oligo-ynes having different number of Pt(II) ion (8-12) were also 
obtained by reacting these intermediate compounds in different 
ratios and conditions.
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(a) 2.0 equivs. 2-hydroxy-2-methyl-3-butyne, Pd(PPh3)2, CuI, iPr2NH
(b) KOH, dioxane, heat
(c) 1 equiv. BuLi, TMSCl, THF 
(d) Et2NH, CuI
(e) KOH, MeOH, RT
(f)  Et2NH, heat 
(g) 2.0 equivs. ethynylbenzene, Et2NH, CuI
(h) 1 equiv. ethynylbenzene, Et2NH, heat
(i) 3, Et2NH, heat 
(j) 7, Et2NH, heat

Figure 6: Synthesis of Pt(II) oligo-ynes.

Structure-property relationships
High molecular weight conjugated poly(metalla-yne)s are often 

sparingly soluble in organic solvents, thus hindering complete 
characterization and property determination. The low solubility 
of the poly-ynes is attributed to the polarizable π electrons, 
which creates strong intermolecular interactions between the 
polymeric chains. To alleviate this problem, model compounds 
can be synthesized along with their polymeric counterparts. 
Model compounds are building blocks, which can be studied to 
extrapolate and predict the chemical and photophysical properties 
of the polymers [29] due to their favourable physical properties 
like solubility and crystallinity over polymeric materials. On a 
fundamental level, model compounds are unique in that they 
provide simplest possible π-conjugated organic units. Such systems 
are particularly amenable to experimental and theoretical studies 
focused on issues related to charge and exciton structure and 
delocalization in linear π-conjugated organic systems. The oligomers 
of poly-ynes play an important role as model compounds as well as 
potential materials for device application [30]. Furthermore, the 
electronic properties of the polymers are influenced by “interchain 
interactions” in the solid state, so the study of these interactions 
in the crystal structure of model compounds may lead to a better 
understanding of interactions in the polymer [31].

Poly(metalla-yne)s have diverse range of applications 

and possess the capability to resolve many hidden facets at 
supramolecular level [32]. During the last few decades, research 
on poly(metalla-yne)s achieved a good momentum because of 
property modulating nature of metal center and the application 
of resulting molecules [19,33-35]. Compared to organic poly-
ynes, poly(metalla-yne)s have greater number of components 
which can be changed to tailor their properties. Organometallic 
polymers of formula [-M(L)n-C≡CR-C≡C-]∞ can be modified 
by changing the metal (M), auxiliary ligand (L) or spacer groups 
(R). A comprehensive literature survey reveals that a wide range 
of carbocyclic, heterocyclic and main-group element-bridged 
carbocycles have been used as spacers in the Pt(II) poly-ynes by 
various research groups worldwide [16,36-39]. The effect that these 
spacers have on the Pt(II) poly-ynes have been discussed in terms 
of enhanced conjugation, fused rings, conjugation interruption, ring 
functionalization and D-A structural motif [36].

Applications of poly(metalla-yne)s
In the following subsections, some recent progress on the 

application of poly(metalla-yne)s in PVs, NLOs, and LEDs are 
highlighted.

Photovoltaics (PVs)
With the exponential growth of population, the energy demand 

also mounted along with other daily needs. Among them, energy 
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is, of course, at the top. Today, for getting energy we are mostly 
dependent on the non-renewable resources, which are expected 
to end by the middle of this century. No doubt, this is also one of 
the culprits of tension among several nations. Every day, the public 
are feeling the importance of an alternative energy source. Among 
different alternatives, sun is the tremendous source of energy, 
and the solar lights can be utilized to replace the non-renewable 
sources. This is an effective and green approach to get energy. The 
conversion of solar light into electrical energy can be achieved 
using Solar Cells (SCs), which are made up of inorganic, organic 
or polymeric materials [34]. SC devices are comprised of different 
components, which govern the overall performance of the cells. 
These include electrodes, interfacial layer, and active materials 
composed of donor (D) and acceptor (A). All these components 
contribute to the overall efficiency of a SC. However, most of the 
research has been dedicated to the development of novel donor 
materials. In the past two or three decades there has been a large 
volume of research relating to the development of donor materials 
[40,41], particularly conjugated poly-ynes and poly(metalla-yne)
s incorporating a variety of spacer groups because of their good 
absorption profile, energy conversion ability, processability and 
low-cost [42,43]. Conjugated polymers and their use in polymer PVs 
offer a great technological potential as renewable energy sources for 
electrical energy and they are currently one of the most promising 
approaches for the next generation thin-film photovoltaic devices 
[44-46]. 

Despite several advantages of conjugated polymers, the major 
challenge which still persists is to optimize the efficiency and Eg 

of the PVs based on these materials so that maximum efficiency 
can be achieved in the terrestrial solar spectrum [47,48]. The 
efficiency of a polymer solar cell depends upon various factors like 
Eg, nature of copolymerization and T-excitons. It has been reported 
that a Eg of 1.3-1.5 eV is regarded as ideal for polymer-fullerene 
Bulk Heterojunction (BHJ) solar cells [49]. To narrow the Eg of the 
polymeric materials and to improve Power Conversion Efficiency 
(PCE), several modifications have been made so far [16,36,32]. For 
example, introduction of metal ion showed a synergistic effect on 
the PCE of solar cells by fine-tuning of HOMO-LUMO Eg through 
the interaction of the metal d-orbitals with the ligand orbitals. 
Metal ions also provide redox-active and paramagnetic centers 
to generate active species for charge transport. Pt(II) acetylide 
chromophores typically display ground state absorption in the UV 
region (λ < 420nm) and they are relatively transparent throughout 
the visible region. Nevertheless, by incorporating segments of 
alternating D-A arylene units, low Eg Pt(II) acetylide polymers can 
be obtained featuring strong absorption in the visible region for PV 
applications. Variable PCEs have been found in the PVs based on 
blends of Pt(II) poly-ynes incorporating benzothiadiazole-thienyl 
(12, Figure 7) and benzothiadiazole-3,4-ethylenedioxy thiophene 
(13, Figure 7) as spacers [50,51]. Mei J et al. [52] reported the 
enhanced PV performance of 12 and 13 (overall PCEs between 1.1-
1.4 %). However, Wong et al. [51] reported a remarkably higher 
efficiency (4.93 %) of the device based on polymer incorporating 
benzothiadiazole-thienyl spacer [51]. Furthermore, when 
thienylene spacer flanked by 3,4-ethylenedioxythiophene moieties 
(13, Figure 7) was blended with methanofullerene, a PCE of 0.30 % 
was found [53].
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PEt3 PEt3
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Pt(II) di-yne Pt(II) poly-yne

Figure 7: Pt(II) di- and poly-ynes with different heterocyclic spacers.

An enhanced light-harvesting ability and solar cell efficiency 
was reported [54] upon the incorporation of additional thiophene 
rings in the polymer (14, Figure 7). A PCE of 1.61 % was achieved 
with Pt(II) poly-yne having two thiophene rings compared to 
the PCE of 1.09 % for Pt(II) poly-yne without thiophene [36]. 

Enhancing the absorption coefficient of the band by increasing 
the polymer conjugation chain length with additional thienyl rings 
is an effective way to improve the cell performance [54]. Wong’s 
group developed a series of solution processable Pt(II) poly-
ynes containing bithiazole-oligothienyl rings (15, Figure 7) with 
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strong visible-light absorption [55]. The PCE as well as optical and 
charge-transport properties of the polymers have been found to 
be tunable by the number of thienyl rings (m). PCE of the polymer 
was increased with the lengthening of oligothienyl chain. This work 
provides an attractive approach to the development of conjugated 
metallopolymers with broad solar absorption and tunable light-
harvesting ability and demonstrated the potential of utilizing 
metallated conjugated polymers for efficient power generation 
[36].

 Blending of poly-ynes and poly(metalla-yne)s often results 
in enhanced PCE of the solar cells. An excellent class of strongly 
visible-absorbing low Eg poly(metalla-yne)s was reported with 
PCE of over 4% without annealing or the use of tandem structures 
(12, Figure 7) [56]. Moreover, the solubility profile of the Pt(II) 
poly-ynes was better than their organic poly(hetero-arylene-
ethynylene) counterparts. Upon varying the number of thienyl 
rings, the absorption features and charge carrier mobilities of the 
resulting metallopolymers were also enhanced. PSCs fabricated 

with 15 with PCBM as an electron acceptor gave PCE value between 
0.21-2.66% at the blend ratio of 1:4 [55]. 

The solution-processable broad-light absorbing crystalline 
Pt(II) alkynyl oligomers containing benzothiadiazole central core 
and different number of thiophenes at termini (16a-c, Figure 8) 
showed nearly the same Eg value of 1.9 eV and PCE up to 3.0% 
[43,57]. Inspite of varying number of oligothiophene units, their 
HOMO level remains on the core unit as indicated by similar open 
circuit voltage (Voc, 0.71 - 0.82 V). In each case (16a-c, Figure 8), 
best PCE was achieved using PC71BM. The 1:4 ratio of active layer 
gives PCE of 1.4 and 2.3% with 16a, 1.7 and 3.0% with 16b and 
1.5 and 2.2% with 16c using PC61BM and PC71BM, respectively. 
The performance of 16b:PCBM, was the best among the series with 
different electron donors. Similarly, external quantum efficiency 
(EQE) (50%) was seen in the case of PC71BM than PC61BM (40%) 
at 440nm. The best result with PC71BM was attributed to the 
enhanced absorption properties of PC71BM. 
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Figure 8: Some important Pt(II) poly-ynes as PVs.

Another amorphous Pt(II) poly-ynes incorporating alternating 
thiophene (12, Figure 7) or thieno[3,2-b]thiophene (17a - c, Figure 
8) connected to 2,1,3-benzothiodiazole showed Eg of 1.81 - 1.85 eV. 
The device based on polymer:PCBM or PC71BM gave its maximum 
performance at the thickness of 80 nm and ratio of 1:4. Polymer 
17c having lowest Eg gives the maximum Voc (0.79), a short circuit 
current, Jsc = 10.12 mA/cm2, a fill factor, FF 51.4%, and a PCE of 
4.13% [42].

Non Linear Optics (NLOs)
Optical Power Limiters (OPL) are specially designed devices 

used to filter out radiations of unwanted frequencies. These 
limiters have found application in various domains of science 
and technology such as LASER, medicine, sensor, and optical 
data storage, etc. These devices are made in such a way that their 
spectral response matches the operating waveband of the device/
sensor/organ, which is intended to protect. OPL possesses the 
property of nonlinear absorption (NLA), in which the absorption 
of the light by the material depends on the intensity of waves 

passing through it. It has been reported that a material may show 
NLO either through multiphoton absorption (e.g., two- or three-
photon absorption) or excited state absorption (also known 
as reverse saturable absorption) mechanism [58]. High optical 
transparencies, good optical nonlinearity, excellent solubility, high 
transmission zone (around 532nm) and a quick response speed 
are the main pre-requisites for good OPL. These conditions are 
well fulfilled by organometallic-based materials. Fullerenes (C60), 
metallo-phthalocyanines, carbon nanotubes, diacetylenes and 
other organometallic compounds are examples of organometallic-
based materials that display NLO behaviour [59]. However, uses 
of most of these materials are limited by their poor solubility 
and deep colour, causing difficulties in processing, and hindering 
the development of practical devices. To curb this drawback, a 
more soluble and optically transparent material is needed. In this 
context, researchers are looking positively to organometallic poly-
ynes. Many experimental and theoretical studies supported the fact 
that the polarizability of ethynyl compounds could be enhanced by 
extending the conjugation length and the use of D-A groups in the 
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molecule [16,32]. It has now been established that the most versatile 
Pt(II) poly-ynes demonstrate large hyperpolarizibilities (a unit to 
compare NLA) compared to purely organic counterparts and this 
property of Pt(II) poly-ynes is close to inorganic semiconductors. 
Recently, a theoretical calculation of dipole polarizability (α) and 
second hyperpolarizability (γ) of the linear CuC2nCu and CuC2nH (n= 
1-7) molecules indicated the importance of a metallic end capping 
on NLO properties. It was found that the cap of Cu largely enhanced 

the NLO responses for the short chain molecule. The replacement of 
H by Cu significantly increases the αL and γ L values, especially γL 
values of short chain poly-ynes (n= 1-3). However, this enhancement 
of magnitude by Cu rapidly decreases with an increase of chain 
length (n) and vanished at the effective conjugation length. These 
behaviours were attributed to the redistribution of charge driven 
by an external field and the natural bond orbital delocalization.
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Figure 9: List of some important poly-ynes as OPLs.

Sun and co-workers found that the photophysical properties of 
Pt complexes (18a-b and 19a-b, Figure 9) can be tuned drastically by 
extending the π-conjugation of the acetylide ligands [60]. Transient 
absorption (TA) study indicated that 19a and 19b exhibit ultrafast 

ISC and broad band excited-state absoprtion in 450-800nm. Their 
triplet-excited states appear to be populated via rapid ISC in only a 
few picoseconds after laser excitation. In addition, strong reverse 
saturated absorption (RSA) was observed at 532nm for ns laser 
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pulses from 18a and 18b, which are drastically stronger than each 
of their corresponding complex with shorter π-conjugation in 
their acetylide ligands i.e. 19a-b. The photophysical and nonlinear 
transmission studies revealed that extending the π-conjugation of 
the acetylide ligand can alter the singlet and triplet excited state 
properties substantially and improve the RSA at 532nm drastically. 
The broad excited-state absorption and strong nonlinear 
transmittance performance at 532nm for 18a and 18b suggest 
that these complexes could be promising candidates as broadband 
nonlinear absorbing materials.

The same group recently studied the Pt(II) diimine complexes 
bearing benzothiazolyl fluorenyl, diphenylaminofluorenyl, or 
naphthalimidylfluorenyl motifs (Figure 9) and its influence on 
the photophysics of the complexes [61]. The TA spectra showed 
that both 20a and 20b possess a broad positive absorption bands 
at∼530nm and a bleaching band at 410 and 420nm, respectively. 
In comparison to corresponding Zn complexes, Pt complexes 
possessed much broader positive absorption band and shorter 
lifetimes, attributed to mixed 3π,π*/3MLCTstates. Likewise, 
complexes 21a-c exhibit bleaching of the ground-state absorption 
below 380 nm and narrow positive absorption bands between 450 
and 600nm, while 21e shows a bleaching band at 405 nm and a 
broad positive absorption band between 425 and 750 nm. The TA 
of complexes 21a - c were reported to emanate from an excited 
state different from the emitting state and was assigned to 3π,π* 
states, possibly mixed with minor 3MLCT/3LLCT characters. 

Overall, the TA spectra suggest that most of the Pt complexes 
exhibited stronger triplet excited-state absorption than that of the 
ground state in the visible spectral region; thus, RSA is anticipated 
to occur in the visible spectral region for these Pt(II) complexes. 
Nonlinear transmission experiment for 20 and 21 at 532 nm 
indicated the occurrence of RSA as the incident energy increases, 
the transmission of the sample solution decreases. The strength 
of the RSA at 532nm for these complexes follows the trend: 20b 
> 21a > 21b ≈ 20a > 21d > 21c > 20c > 21e, with 20b exhibiting 
the strongest RSA. This trend clearly indicates that incorporation 
of electron donating substituent NPh2 on the bipyridyl ligand 
significantly decreases the RSA, as manifested by 20c and 21e. On the 
other hand, shorter π-conjugation in the bipyridyl ligand increases 
the RSA at 532 nm, which is evident by the RSA of 21a and 21b 
in comparison to those of 21c and 21d. Therefore, the substituent 
on either of the acetylide ligands or the bipyridyl ligand affects the 
singlet and triplet excited state characteristics significantly, which 
subsequently influences the RSA.

Most of the OPL measurements are conducted in solution where 
the nonlinear absorbent is dissolved in a suitable solvent. However, 
for real life application, solid-state materials are preferred. Pt(II) 
di-ynes containing 4-(diphenylamino)-fluorene (22a, Figure 9) and 
4-(benzothiazole)fluorene (22b, Figure 9) units in PMMA based 
host material exhibited a moderately large TPA cross-section in the 
region of 600-800nm and efficient NLA response to nanosecond 
pulses via the TPA/ESA mechanism [62]. Shelton AH, et al. [62] 
studied the effect of incorporation of these highly efficient TPA 

chromophores 22a and 22b into polymer matrices of Pt(II) di-ynes 
on their optical and NLA response. The absorption spectra of the 
monomers, polymers in solution, film, and monoliths were similar 
and displayed a strong absorption band in the near-UV region for 
monomers and polymers. At the excitation wavelength of 600 nm, 
the response trend of the polymeric chromophores was in the 
order: 23(PMMA) ~ 22b(PMMA) < 22a(PMMA). The comparatively 
weaker nonlinear absorption response of the 22b(PMMA) and 
23(PMMA) materials were attributed to the lower TPA cross 
sections of 22b and 23 chromophores compared to 22a. [62] In spite 
of some promising results, the main obstacle in the work was the 
chromophore loading. A maximum loading of organic guest (~10-
12 %) into the PMMA host was achieved, which was less than that 
reported earlier using the same host (PMMA) [63]. Vast literatures 
are available on NLO of metallo-ynes, in both solution and solid 
states, but no example of reversible metallo-NLO switch in the solid 
state was available, until the discovery of switchable NLO polymer 
films based on dithienylethene-based Pt(II) complexes (24, Figure 
9) [63]. These compounds undergo photo-induced switching 
of their second-order nonlinear optical properties. Due to the 
presence of n-hexyl substituents, these novel Pt(II) complexes were 
easily poled into polymeric films which also exhibited second-order 
NLO response and contrast.

Light Emitting Diodes (LEDs)
The working principle of LEDs is just reverse of the solar 

cells. In light emitting-diodes, electrical excitation occurs at both 
S and T-excited states. Organic LEDs (OLEDs) are considered as 
more versatile than conventional inorganic LEDs due to their 
flexible nature, low cost and energy efficient technology [64]. 
OLEDs have recently become popular candidates for research into 
lighting technology, owing to their potential applications in solid-
state lighting and flat-panel displays. Additionally, they also offer 
the distinct advantages of high luminous efficiency, a full-color 
range, and low manufacturing costs [65,66]. Ethynyl compounds 
achieved a good reputation in the field of LED technology as both 
in the role of emitters and dopants to give Electroluminescence 
(EL) with high brightness and efficiency. A small ISC rate constant 
and larger fluorescence emission, which are important criteria for 
White-OLEDs (WOLEDs), have been reported in Pt(II) oligo-ynes 
incorporating diethynyl benzene spacer (n=1-3) [67].

A new class of complexes [Pt(bzimb)Cl] (where bzimb=1,3-
bis(N-alkylbenzimidazol-2’-yl)benzene) (25 and 26, Figure 10) 
with unique photophysical properties have been reported [65]. The 
functional group present on benzene ring was found to control the 
emission color of the complexes. Furthermore, the alkynyl moiety in 
the complex was responsible for an enhanced PL quantum efficiency. 
Devices composed of dual emissive layer of 25 demonstrated high 
current efficiencies (40.3 cdA-1) and EQEs (11.8 %). On the other 
hand, solution-processable devices with complexes 26a and 26b 
exhibited EQEs of 3.4 % and 1.84 %, respectively. Interestingly, 
complex 26c possessed green and red emissions attributed to 
3IL(bzimb)/3MLCT and 3IL(C≡C─R)/3MLCT excited states. The 
same complex represented a very first example of white-light EL 
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emission at low concentrations as device with 5% complex 26c 
gives white-light emission with Commission Internationale de 
LEclairage (CIE) coordinates of (0.35, 0.39), which were very close 
to those of pure white light (0.33, 0.33). At dopant concentration 
of 10% and 20%, the CIE coordinates were (0.37, 0.43) and (0.43, 
0.38), respectively.

Pt(II) Poly-yne (27, Figure 10) incorporating alternating 
oxadiazaole and 9-substituted fluoerene showed HOMO at -6.52 
eV and LUMO at around-3.63 eV. This combination of poly-ynes 

displayed good potential as LED and single-dopant for white PLEDs 
[67]. A Device doped with 1% of 27 gave the best performance 
as the maximum external quantum efficiency (ηext) was 0.15%, 
a luminance efficiency (ηL) of 0.58 cdA-1, and a power efficiency 
(ηp) of 0.16 lmW-1. A decrease in ηext above 1% was attributed 
to the concentration quenching effect. To act as a WOLED, the x 
and y coordinates of CIE chromaticity should be equal to (0.33, 
0.33). Here in this case, a device based on 27 was very close to the 
coordinates and was fairly white and closely approach that of white 
light using a single dopant configuration. 
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Figure 10: Some important poly-ynes as LEDs.

Conclusion
Poly(metalla-ynes) have a bright future in opto-electronic 

industries. Today, we have a good range of synthetic methodologies 
available for poly(metalla-ynes) of varying length and nature. Even 
a small variation in the core structure can produce a dramatic 
change in properties. To understand the photophysical processes 
occurring at supramolecular level, further improvement is clearly 
desirable. For example, in-depth knowledge of S and T-excitons is 
of paramount importance for LED applications. Pt(II) poly-yne of 
well-defined incorporating varying spacers may be good choice. 
Similarly, for PV applications, several state-of-the-art new materials 
comprising Pt(II) and alternating D-A systems have been reported. 
Considering all these facts, we hope for some new arrivals among 
this class of materials in the near future, which will show better 
efficiency than the currently available materials in opto-electronics.
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