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      Cycloplatinated(II) complexes are an important class of organoplatinum(II) compounds with impressive photophysical properties. The 
luminescent cycloplatinated(II) complexes have been employed in many aspects such as optoelectronic devices and bio-imaging 
applications. The center of emission in these complexes is significantly attributed to the cyclometalated ligand. The emission properties of 
this chromophoric ligand is perturbed by Pt(II) center as a heavy metal ion and also can be controlled by other ancillary ligands. The role of 
ancillary ligand seems to be crucial in tuning the photophysical properties of such complexes. In addition to the normal emissions that arise 
from the cyclometalated ligand, the ancillary ligand(s) may induce some emissions which are created by intra- or inter-molecular Pt…Pt 
and π…π interactions. In this regard, the presence of the other metal centers like Ag(I), Au(I), Tl(I) and Pb(II) in the structures of 
cycloplatinated(II) complexes may considerably affect their emission properties. Since almost 10 years ago, we have started to employ 
different kinds of ancillary ligands toward different cycloplatinated(II) precursor complexes and study their influences on the structural and 
photophysical properties of these complexes. In this direction, the new complexes were predominantly identified by means of NMR and 
Mass spectroscopies together with X-ray crystallography. For photophysical investigations, the UV-Vis and photoluminescence 
spectroscopies were applied and the obtained results were rationalized with the help of DFT calculation method. In this review article, we 
tried to share our experiences in this attractive field of research and mention how some of these luminescent complexes synthesized during 
these years. 
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INTRODUCTION 
 
      Among the heavy metal complexes, platinum(II) 
compounds can be considered as luminescent materials [1-
4]. The cycloplatinated(II) complexes are a category of               
Pt complexes that exhibit outstanding luminescence 
properties [3,5-21]. Therefore, these complexes are suitable 
choices for many different research areas such as light 
emitting devices [22-25], dye sensitized solar cell [26], 
photo-switches [27-29], photocatalysts [30], and chemical 
or biochemical sensors [31].  
      The   C^N-based   cycloplatinated(II)   complexes   have  
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shown to be more attractive than the other cyclometalated 
complexes. They have been investigated by many research 
groups [32-42] and their emission properties have 
remarkably been studied previously [43-50]. A C^N ligand 
imposes a strong ligand field on the Pt(II) center which 
arises from its strong σ-donating C atom and π-accepting N 
atom. It causes the d-d transitions to be energetically non-
accessible in the C^N cycloplatinated(II) complexes and 
consequently the non-radiative pathway is minimized. Also, 
the emission properties of these complexes can be tuned by 
functionalization of phenyl and pyridyl rings of C^N ligands 
[51]. This modification leads to stabilization or 
destabilization of HOMO and/or LUMO energy levels 
[48,50,52,53].  The  electron-withdrawing  groups such as F 
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and CF3 groups on the phenyl part of C^N ligand (e.g. ppy) 
normally induce the blue shift in the emission of 
cycloplatinated complexes by stabilization in the HOMO 
level. On the other hand, the electron-donating groups like 
NMe2 similarly make blue shifts via destabilization of 
LUMO [51]. However, there are some factors such as 
extending π-conjugation [43,44,54] (in some cases blue 
shift) [6] or the presence of an electron-donating sulfur-
containing heterocycle [55] that  cause spectral red-shift in 
the luminescence of the cycloplatinated(II) complexes. 
Also, a strong electronegative nitrogen atom, when located 
as a member of the aryl ring, theoretically increases the 
ligand-centered energy gap of these cyclometalated ligands 
[56-59]. 

Predominantly, the luminescence of cycloplatinated(II) 
complexes is attributed to a lowest energy triplet excited 
state (phosphorescence nature). In order to make a room 
temperature phosphorescence emitter, two basic 
components seem to be essential. The first one is a 
cyclometalated ligand which plays the role of a 
chromophoric part while the second one is the presence of 
Pt as a heavy metal center. In the presence of Pt or any other 
heavy metal, because of the high spin-orbit coupling 
constant, singlet-triplet intersystem crossing can be allowed. 
Given the above-mentioned reason, there are many 
cycloplatinated(II) complexes which are still weak or non-
emissive materials at room temperature. Therefore, a third 
factor is required to influence the luminescence properties 
of such complexes. In this condition, the modification of 
chromophoric ligands or presence of an appropriate 
ancillary ligand (or ligands) can be remedial for creating a 
strong emission in these complexes. The vital role of the 
ancillary ligands is referred to their control on the electron 
density at the metal center and somehow the amount of 
MLCT (L = cyclometalated ligand) at the lowest energy. 
There are many reports on different types of ancillary 
ligands in the structure of cycloplatinated(II) complexes, 
including neutral (L) or anionic (X), chelating (^) and non-
chelating (/) ligands (L^X [6,39,60,61], L^L [14,62,63] L/X 
[8,38,64-67], L/L [42,68] and X/X [69-71]). Depending on 
the nature of ancillary ligands, these complexes display 
highly efficient and tunable phosphorescence attributed to 
3ILCT or mixed 3ILCT/3MLCT and 3MLCT/3LʹLCT               
(Lʹ = ancillary ligand) states [23,72-74].  

 
 
Besides the mentioned characters, 3MMLCT and/or 

3ππ* excimeric excited states are the transitions that might 
be established between two vicinal molecules in a 
cycloplatinated(II) complex [42,75-78]. The lengths of 
Pt…Pt or π…π intermolecular interactions outstandingly 
affect the luminescence of these complexes. These 
interactions are influenced by the factors such as 
temperature, crystallization, concentration, solvent and the 
nature of counteranion [42,79,80]. In the solvent, such 
interactions may remarkably become weaker or vanish.81 In 
addition to the pure cycloplatinated(II) complexes, 
heteronuclear cycloplatinated complexes form another class 
of cycloplatinated(II) complexes. In these complexes the 
platinum metal center can be bound through metallophilic 
interactions with another metal [18,82-90], or remotely 
connected through a bridging ligand without any 
metallophilic interaction [91-99]. They have been 
remarkably discussed in the literature which is significantly 
corresponded to their marvelous emission properties, 
although the logical relationship between their structures 
and their emissions is not completely clear [21]. 

In this review article, we tried to overlook our 
photophysical investigations on the cycloplatinated(II) 
complexes in the last decade. Our works in this research 
field are divided into three main themes i.e. our luminescent 
cycloplatinated(II) complexes are prepared from the 
precursor complexes containing I) Me, II) aryl and III) Cl 
ancillary ligands (Scheme 1). These precursor complexes 
were used for the synthesis of new luminescent 
cycloplatinated(II) complexes and discussed here.  
 
Me-Cycloplatinated(II) Complexes 
      Successful routes for the preparation of 
cycloplatinated(II) complexes using the precursor 
complexes comprising Me group are stated in this section. 
The precursor complex [PtMe(bzq)(SMe2)], A, [100] was 
employed to synthesize the complex [PtMe(bzq)(dppy)], 1 
[85] whereas the other heteronuclear complexes (Pt-Ag and 
Pt-Tl) were prepared from 1 (Scheme 2). The factors 
influence the luminescence properties of polymetallic 
cycloplatinated complexes were studied. All the complexes 
have intense emissions in the solid state (298 K and 77 K) 
and glassy solution excluding 1 which is emissive only in 
glassy  state.  The  monomer  entity 1  depicts  a   structured  
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emission band in this condition and it is attributed to the 
admixture of 3IL/3MLCT (L = bzq) excited state. The non-
structured profile of the emission band (590 nm, τ = 8.3 μS) 
for cluster [Pt2Me2(bzq)2(μ-dppy)2Ag2(μ-acetone)](BF4)2, 2, 
indicates the role of Pt2Ag2 core in the excited state whereas 
1 is non-emissive in the solid state (77 K). In glassy CH2Cl2 
and acetone diluted solutions (5 × 10-5 M), 2  shows the non- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
structured emission band (λmax = 560 nm) with a 
concentration-dependent broad shoulder (660 nm). The DFT 
results show that the high energy band orientates from 
3MM′LCT (M = Pt, M′ = Ag, L = bzq) with a somewhat 
3L′LCT (L′ = dppy) character. The intensity of the low 
energy band (shoulder) increases by raising the 
concentration (10-3 M) having a different  excitation profile  
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Scheme 1. The structure of the precursor complexes for the preparation of luminescent cycloplatinated(II) complexes 

 
 

N
Pt

Me

1

Ph2P

C

N

N
Pt

Me

3

Ph2P

C

N

Tl
N

Pt
Me

4

Ph2P

C

N

Tl
N

Pt

Me
PPh2

C

N

Ag

Ag

Pt Pt
Me

P

C

N

Me
C

NP

N

N

O

2

C

N

=
N

P

N

= NPh2P

bzq

dppy

2 BF4

PF6
PF6

 

Scheme 2. The structures of 1-4 
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in its maximum compared with high-energy band. It 
suggests that this low energy band comes from π⋯π or 
Pt⋯Pt intermolecular interactions in ground state 
aggregates, being formed specifically at higher 
concentrations (Fig. 1). The heteropolymetallic                            
Pt-Tl derivatives [{PtMe(bzq)(dppy)}Tl]PF6, 3, and 
[{Pt2Me2(bzq)2(dppy)2}Tl]PF6, 4,  are   red   emitters  in  the  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
solid state with unstructured emission bands at room 
temperature. For 3 in the solid state, the main emission band 
is observed at 675 nm (298 K and 77 K) with an additional 
shoulder at 620 nm (77 K), indicating that the emission 
band is attributed to the mixed excited states (Fig. 2a). In 
glassy solution, the emission profile is concentration-
dependent.  It  is   suggested   that,  in   glassy   concentrated  

 

Fig. 1. Emission spectra of 2 in  the solid state  at 77 K (black lines) and in the glassy solution (CH2Cl2 5 × 10-5 and  
           10-3 M at 77 K). Adapted with permission from Ref. [101]. Copyright 2014 The Royal Society of Chemistry. 

 
 

 

Fig. 2. Normalized excitation and emission spectra of (a) 3 and (b) 4 in the solid state at 298 K and 77 K and in CH2Cl2  
     glasses at 77 K. Adapted with permission from Ref. [101]. Copyright 2014 The Royal Society of Chemistry. 
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solution (10-3 M) the emission band appears at low energies 
coming from intermolecular π⋯π interactions excited state 
as the extensive π⋯π network observed in the crystal of 3. 
In the case of 4 (Fig. 2b), the emission is similar to the 
emission profile of 3 and suggesting the emissive state is 
probably originated from a mixed 3LL′CT/3LM′CT                  
(M′ = Tl) which modified by the Pt-Tl bonds [101]. 

Reaction of the precursor complex [PtMe(Vpy)(dmso)], 
B [102,103], with PPh2Me  gave  the  luminescent  complex 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[PtMe(Vpy)(PPh2Me)], 5, (Scheme 3). This complex exhibit 
deep orange luminescence in solid and solution states at 
room temperature (Fig. 3). The absorption spectrum of 5 
shows high intense π-π* intra-ligand transition (1IL, L = 
Vpy) around 230 nm and a band with less intensity at              
418 nm which attributed to the mixture of 1IL and 1MLCT. 
The emission spectrum of 5 indicates a structured emission 
band with a maximum at 550 nm with the vibronic 
progression spacing ca. 1400 cm-1  in  diluted  solution  with 
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Scheme 3. The structure of 5 

 

 

Fig. 3. Photographic images showing the luminescence color change under UV light irradiation (365 nm) a) in solid  
             state and b) in CH2Cl2 solution. Adapted with permission from Ref. [103]. Copyright 2016 Elsevier. 
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the similar emission profile in the solid state. The emissive 
state is originated from the 3ILCT/3MLCT excited state. By 
lowering the temperature to 77 K, 5 become a strong 
emitter, due to the structural rigidity, with a hypsochromic 
shift compared to its emission at 298 K [103]. 

The precursor complexes [PtMe(C^N)(SMe2)],                
C^N = bzq, A; ppy, C [104]; O-bpy,  D [105], and 
[PtMe(bpy)(dmso)], E [106], were reacted with PPh2allyl 
ligand to give complexes [PtMe(C^N)(PPh2allyl)], C^N = 
ppy, 6; bpy, 7; O-bpy, 8; bzq, 9 (Scheme 4). In UV-Vis 
spectra, the bands appear between 300 and 400 nm have 
mixed 1ILCT/1MLCT (L = C^N ligand) character with  
contributions of 1ML´CT and 1LL´CT (L  ́ = PPh2allyl) at 
higher energies. Except 8, all the complexes are strong 
green  emitters  at  298 K  and 77 K  in  the  solid  state  and  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

glassy solution (CH2Cl2) under photoexcitation. The 
emissive states of 6, 7 and 9 are originated from the mixed 
3ILCT/3MLCT excited state, depicting a large participation 
of cyclometalated ligands in the emissive state. DFT and 
TD-DFT calculations support the origin of photophysical 
data. The reason for the quenching of emission in 8, even at 
low temperature, is probably due to the interruption of the 
electronic transitions in the presence of oxygen in the O-bpy 
moiety. The emission band wavelengths follow the trend of 
bpy < ppy < bzq, showing the slight red shift. However, the 
trend of ppy > bpy > bzq for the quantum efficiency values, 
were observed. In the crystal packing of 6, the ppy ligand is 
surrounded on two sides by two distinct C(sp2)-H…π 
interactions from two allyl groups (Fig. 4). As a result,           
6   had  a  high   luminescence   quantum   efficiency  due to  

 

Fig. 4. Crystal packing of 6 displaying intermolecular short contacts between the allyl and ppy groups. Adapted with  
              permission from Ref. [64]. Copyright 2017 The Royal Society of Chemistry. 
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restriction the motions of the ppy ligand. This kind of 
interaction is not present in the crystal packing of  9 [64].  

The complex C was reacted with three different 
isocyanide ligands giving the cycloplatinated(II) complexes 
[PtMe(ppy)(Me)(CN-R)], R = benzyl, 10, 2-naphtyl, 11, 
tert-butyl, 12, (Scheme 5). The photophysical properties of 
these complexes were investigated in different states and 
temperature conditions (Fig. 5). In the luminescence study 
of the complexes, the role of R substituents on the structures 
of isocyanide ligands seems to be vital. It can explain the 
different behavior of 11 with aromatic backbone in relation 
to 10 and 12 with aliphatic backbones. At room temperature 
in solid state, 10 and 12 show unsymmetrical unstructured 
bands which are originated from 3ILCT/3MLCT (L = ppy) 
excited state with more contribution of 3ILCT for 12. For 
11,   in  addition  to  3ILCT  and  3MLCT,  the  3ML′CT  and  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3IL′CT (L′ = 2-naphtyl isocyanide) characters can be seen. 
Extended π-conjugation system in 11 causes a red shift in 
emission band in comparison to those of 10 and 12. By 
lowering the temperature, for 10 and 11, a hypsochromic 
shift in the emission bands is occurred. Interestingly, 10 has 
mechanochromic behavior during the grinding process, 
showing a remarkable red shift in the emission band. This 
bathochromic shift can probably be attributed to the 
existence of metallophilic interactions. It should be 
mentioned that the obtained photophysical data have been 
supported by DFT calculations. The complexes had high 
quantum yield values 0.41, 10; 0.56, 11; and 0.40, 12. It was 
due to the presence of two strong carbon-donor ancillary 
ligands (Me and isocyanide) in the structure of complexes 
[65]. 
      The   substitution   of    SMe2   ligand   in   the   complex 

 
Fig. 5. Normalized emission (solid lines) and excitation (dashed lines) spectra in the solid state at 298 K, the solid state 

              at 77 K and the CH2Cl2 glassy state at 77 K for (a) 10, (b) 11 and  (c) 12.  Adapted  with  permission  from Ref.  
              [65]. Copyright 2017 The Royal Society of Chemistry. 
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[PtMe(ptpy)(SMe2)], F [107] with nitrogen atom of ptpy or 
bppy cyclometalating ligands followed by the addition of 
B(C6F5)3 to yield bis-cyclometalated complexes [Pt(ptpy)2], 
13, and [Pt(ptpy)(bppy)], 14. The reaction of 13 with one 
equivalent of [TlPF6] or [Au(PPh3)]OTf [108] gave 
[{Pt(ptpy)2}Tl]PF6, 15, or [{Pt(ptpy)2}Au(PPh3)]OTf, 16. 
The X-ray determination indicated 15 or 16 exist as an 
infinite helical chain [-Pt(II)-Tl(I)-]∞ structure or as a 
mixture of supported and unsupported Pt(II)-Au(I)-bonded 
structures, respectively (Scheme 6). Different 
spectroscopies such as absorption, emission and NMR 
revealed that both Pt-Tl and Pt-Au bonds in 15 and 16 have 
dynamic behavior. All complexes are bright emitters in the 
solid state, and their photophysical properties were studied. 
The emission spectrum of 13 and 14 in the solid state show 
structured bands, originated from 3ILCT/3MLCT (L = C^N 
ligand) excited state. According to the experimental data 
and DFT calculations, the red emission of 15 originates 
from Pt-Tl chromophore. At 77 K, as a result of shorter Pt-
Tl distance, the emission band slightly red-shifted (Fig. 6a). 
Emission spectrum of 16 in the solid state at 298 K shows a 
band with maximum at 592 nm with a high energy shoulder 
at 530 nm. This observation related to the supported and 
unsupported Pt-Au bond forms of 16 (Fig. 6b). Based on the 
calculation data, supported Pt-Au bond causes formation of 
the intense band, originating from an  excited  state which is  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
localized on Au and Pt metal centers. On the other hand, 
unsupported Pt-Au causes formation of the shoulder and 
originated from the 3MLCT excited state. The obtained             
T1 → S0 emission energies are also in compliance with the 
experimental data for both complexes (Fig. 6c). The lowest-
energy triplet emission in 15, the contribution of the 
thallium and platinum atoms becomes more significant and 
the emission is associated with the Pt-Tl chromophore. For 
16 with the supported Au-Cipso bond, the transition density 
is predominantly localized on the ptpy moieties and Pt 
center (MLCT), while the gold atoms play a less important 
role (Fig. 6c) [107].  

The photoluminescence properties of a series of 
binuclear cycloplatinated(II) complexes [Pt2Me2(C^N)2(μ-
P^P)], C^N = Vpy, P^P = dppm, 17; C^N = O-bpy, P^P = 
dppm, 18; C^N = O-bpy, P^P = dppa, 19; C^N = dfppy, P^P 
= dppm, 20; C^N = dfppy, P^P = dppa, 21, were 
investigated (Scheme 7). These complexes can be provided 
by the reaction of the precursor complexes B, E and 
[PtMe(dfppy)(SMe2)], G [109,110] with 0.5 equivalent of 
dppm and dppa as bridging ligands. Consistent with the 
DFT investigations, the UV-Vis spectra of 17-21 in both 
solution and solid states indicated the same electronic 
transition of 1MMLCT (M = Pt, L = cyclometalated ligand) 
at higher wavelengths (> 425 nm). As a result, the presence 
of Pt….Pt interaction is confirmed in both  states.  Emission 
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Scheme 6. The structures of 13-16 
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properties of the complexes are strongly affected by the 
nature of Pt…Pt interaction and cyclometalated ligands. It 
can be seen  that  in  the  luminescence  spectra  of  17 in the  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
solid state, the wavelength of bell-shaped emission bands 
are higher than 600 nm (Fig. 7a). The band shape and 
wavelength show obviously  the large amount of  3MMLCT  

 

Fig. 6. Normalized excitation and emission spectra of a) 15 (λex = 440 nm)  and b) 16 (λex = 400 nm)  in solid states at  
           298 K (red) and at 77 K (blue). c) PBE0-DFT transition densities for the lowest-energy singlet excitations and  
           triplet emissions of 15 and 16. During the electronic transition, the electron density increases in the blue areas  
           and decreases in the red areas. Adapted with permission from Ref. [107]. Copyright 2019 American Chemical  

             Society. 
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character in the excited state. Similarly, excluding 17, all the 
complexes are rather good emitters in their CH2Cl2 

solutions. The weak emission of 17 in its CH2Cl2 solution is 
likely  related  to  molecular  motions in the solution. On the 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
other hand, the frozen molecule at 77 K gives a yellow 
emission with structured band and 3ILCT/3MLCT character. 
The importance of Pt…Pt interaction becomes more 
prominent when the monomers are completely non-emissive  

 

Fig. 7. Emission (solid) and excitation (dashed) spectra for a) 17 and b) 21 in solid state at 298 K (black) and 77 K  
              (red). Adapted with permission from Ref. [109]. Copyright 2019 Wiley-VCH. 

 
 

 

Fig. 8. Molecular structures of 22 (left) and 23 (right). Photographic images of the luminescence color change upon  
           sorption of acetone vapor under UV light irradiation  (365 nm).  Adapted  with  permission  from Ref. [111].  

             Copyright 2013 The Royal Society of Chemistry. 
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unlike their corresponding binuclear forms. In total, 20 and 
21 show the highest quantum efficiencies. The complex 21 
is the only complex that shows a dual emission band at 298 
and 77 K having mixed 3ILCT/3MLCT and 3MMLCT 
characters (Fig. 7b) and its emission color is not purely red 
like the other derivatives [109].  
 
Aryl-Cycloplatinated(II) Complexes 
      A several aryl cyclometalated platinum(II) complexes 
were described by us as unique starting materials                           
for producing of novel emissive cycloplatinated                   
complexes. The treatment of precursor complex 
[Pt(C6F5)(bzq)(acetone)], H [8], with [Pb(Spy)2] led to 
formation a novel cluster [{Pt(C6F5)(bzq)}2Pb(Spy)2], 22. 
The cluster 22, interestingly can be converted to 
[{Pt(C6F5)(bzq)}2Pb(Spy)2(acetone)], 23, by capturing the 
acetone vapor (Fig. 8). This observation confirmed that 22 
can be involved in a reversible vapoluminescence process. 
Upon photoexcitation, the solid-state emission color of      
22 changed  from  orange-red  (620 nm)   to   yellow-orange   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(580 nm) in a few minutes (~10 min). In total, this 
reversible vapoluminescence happened for 22 in the 
presence of other donor organic solvents such as MeCN, 
MeOH and THF. It is assumed that the connection of donor 
solvents to the Pb(II) center makes a change in the local 
environment. According to the X-ray and DFT studies, the 
change in emission color of 22 in the presence of VOCs 
initially arises from a difference in the distortion of the 
geometry around the lead center upon photoexcitation [111]. 

Other clusters containing Pt2Pb luminescent core 
[{Pt(C6F5)(C^N)}2Pb(μ-Spy-5-R)2], C^N = bzq, R = H, 24; 
C^N = bzq, R = CF3, 25; C^N = ppy, R = H, 26; C^N = ppy, 
R = CF3, 27, were prepared (Scheme 8) by the reaction of 
the precursors H and [Pt(C6F5)(ppy)(dmso)], I [112] with 
[Pb(Spy)2] or [Pb(Spy-5-CF3)2]. The Pb environment and its 
stereochemical activity of 6s2 lone pair affects their 
photophysical properties. Excluding 26, all of them are 
sensible to external stimuli depending on the solvent (24 
and 25,  Fig. 9)  and  crystallization  conditions (27).  For 27  
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(ppy/Spy-5-CF3), different emissions were found with 
different environments around the Pb(II) ion. Two 
asymmetrical forms with a relatively short Pt-Pb bond (pale 
orange 27.acetone and orange 27-o) and also a symmetrical  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
yellow form (27-y), were observed for their emissions. It 
should be noted that, slow crystallization and low 
concentration cause the thermodynamically yellow product, 
but    fast   crystallization    favors   orange   solids   with  an  

 
Fig. 9. a) Normalized excitation (dotted lines) and emission (solid lines) of 24 and 24-acetone in the solid state at 298 K  
            (red and deep blue) and  at 77 K (orange and light blue). Photographs show the color and  luminescence changes  
            of 24 after  addition of  one drop of  acetone.  b) Normalized  excitation  (dotted lines) and emission (solid lines)  
             spectra of  25  and  25-acetone  (powders)  at  298 K  (red and deep blue)  and  at 77 K  (orange  and  light  blue).  
            Photographs show the color and luminescence changes of 25 after addition of one drop of acetone. Adapted with  

              permission from Ref. [112]. Copyright 2014 American Chemical Society. 
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outstanding red shift of emission. Interestingly, reversible 
mechanochromic color and luminescence changes were 
observed for 27 [112]. 

In addition to the above-mentioned investigations, the 
precursor complexes H and I as two precursors with C6F5 
ligand  were  reacted  with  [Tl(Spy)]  which  resulted  in the  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

complexes [{Pt(C6F5)(C^N)}Tl(Spy)], C^N = ppy, 28; bzq, 
29. In the same condition, treatment of H and I                     
with [Tl(Spy-5-CF3)] yield the complexes 
[{Pt(C6F5)(C^N)}Tl(Spy-5-CF3)]n, C^N = ppy, 30; bzq, 31 
(Scheme 9). The factors that influence structures and 
luminescence properties are the donor characteristics of  the  

 

Fig. 10. Normalized excitation and emission spectra of 31 in the solid state at 298 and 77 K. Adapted with permission  
              from Ref. [88]. Copyright 2016 American Chemical Society. 
 

 
 

 

Fig. 11. Normalized emission spectra of solid samples of 29 in yellow, orange and brown colors at 298 K. Photographs  
             show the color and  luminescence changes of  yellow  form after grinding. Adapted with permission from Ref.  
               [88]. Copyright 2016 American Chemical Society. 
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pyridine-2-thiolate ancillary ligands and the cyclometalated 
groups. All the complexes show emission in the solid state 
(298 and 77 K) and in glassy solutions (CH2Cl2 and 
acetone). In the solid state, 28 and 30 show dual emission 
bands; structured high energy and unstructured low-energy 
bands which originate from monomer units and 3ππ* 
excimeric emission, respectively. The 3ππ*-stacking 
transition is dominated at 77 K. For 29, based on the type of 
isolation conditions (fast and slow crystallization), different 
colors and emissions (orange and yellow) were observed. 
Extended chain in 31 only exhibits a high energy band at 
ambient temperature, arising from 3L′LCT (SpyCF3 → bzq) 
excited state with a minor contribution of 3MLCT/3MM′CT 
(M = Pt; M′ = Tl). At 77 K, the ππ*-stacking emission in 31 
is dominated (Fig. 10). Interestingly, reversible luminescent 
mechanochromic was observed for 29 with yellow color 
(Fig. 11) [88]. 

The p-MeC6H4-containing precursor complexes of 
[Pt(p-MeC6H4)(C^N)(SMe2)]  [113],  C^N = bzq, J;  ppy,  K 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Scheme 1) are luminescent in solution and solid states at 
different temperatures. In order to confirm the 
photophysical data, DFT and TD-DFT studies were also 
carried out. Due to the extended π conjugation in 
cyclometalated moiety of J compared to K, their emission 
spectra showed red-shifted in relation to K. The emission 
spectra of both complexes exhibited a mixed 
3IL/3MLCT/3L′LCT (L = C^N and L′ = aryl ligands) 
character. Furthermore, J displayed fluorescence in addition 
to its phosphorescence profile in diluted solution by 
appearing a dual emission spectrum. It can be confirmed by 
vanishing the low energy emission band (phosphorescence) 
when molecular oxygen is added to the solution (Fig. 12) 
[54]. 

Following the application of aryl-based 
cycloplatinated(II) complex in the construction of 
luminescent compounds, the reaction of the precursors H, J 
and K with 1 equivalent of dppm gave the complexes 
[PtAr(C^N)(dppm)],   Ar = C6F5,   C^N = bzq,   32;  Ar = p- 

 
Fig. 12. Normalized emission spectra of J in CH2Cl2 solution (5  10-5 M) at 298 K in deoxygenated and aerated solutions. 
              (λex < 320 nm). Adapted with permission from Ref. [54]. Copyright 2015 The Royal Society of Chemistry. 
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MeC6H4, C^N = bzq, 33 [113]; Ar = p-MeC6H4, C^N = ppy 
34 [113], respectively. The free phosphine head of 
mondentate dppm in 32-34 can be connected to Au center of 
[AuCl(SMe2)] [108] to give the heterobimetallic complexes 
[Pt(C^N)(Ar)(-dppm)AuCl], Ar = C6F5, C^N = bzq 35; Ar 
= p-MeC6H4, C^N = bzq 36; Ar = p-MeC6H4, C^N = ppy 
37, respectively (Scheme 10). The crystal structures of these 
heterobimetallic complexes exhibited no Pt(II)-Au(I) 
interaction and dppm ligand was located as a bridging 
ligand between two metal centers. Their photophysical 
investigations showed that these complexes emit only in 
rigid media. Notably by addition of Au(I), no remarkable 
changes were observed in the electronic structures and 
emission spectra at 298 or 77 K (Fig. 13 for the spectra at 77 
K). In all the conditions, the emission spectra exhibited the 
structured emission bands with the large amount of 3ILCT 
(L = C^N ligand) in the emissive state. It can be due to     
the absence of Pt(II)-Au(I) bond as mentioned in these 
Pt(II)-Au(I) complexes. DFT  and  TD-DFT  calculations on 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
35 and 36 supported the absence of metal-metal bond 
interaction and photophysical data [114]. 
 
Cl-Cycloplatinated(II) Complexes 
      Mononuclear cycloplatinated(II) complexes with a Cl 
ligand constitute an important family of luminescent Pt(II) 
complexes. In an effort to preparation of luminescent 
cycloplatinated complexes featuring the Pt(C^N) 
chromophoric fragment, the complexes [Pt(C^N)(S^S)], 
C^N = ppy, S^S = ctp, 38; C^N = bzq, S^S = ctp, 39, S^S = 
btp, 40; C^N = bzq, S^S = btp, 41, were prepared via the 
reaction of the Cl-containing precursor complexes 
[Pt(C^N)(dmso)Cl] [63], C^N = bzq, L; ppy = M, with two 
potentially anionic S^S chelates ctp and btp (Scheme 11). 
Inspiring the UV-Vis spectra in solution, the absorptions 
have been affected by C^N cyclometalated moiety, not 
depending on the nature of alkyl groups in the structures of 
S∧S ligands. The similarity observed between the UV-Vis 
spectra in solution and solid is  an  evidence  for  the lack of  

 

Fig. 13. Normalized emission (solid lines) and excitation (dashed lines) spectra in the solid state for a) 32-34 and b) 35- 
                   37 at 77 K. Adapted with permission from Ref. [114]. Copyright 2019 Wiley-VCH. 
 
 

C

N
Pt

S

S

C^N = ppy, 38

P
O

O

C

N
Pt

S

S
P

O

O

C^N = bzq, 39
C^N = ppy, 40
C^N = bzq, 41  

Scheme 11. The structures of 38-41 
 



 

 

 

Shahsavari et al./Inorg. Chem. Res., Vol. 4, No. 2, 225-249, December 2020. 

 240 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pt-Pt or excimeric π-π interactions. All the complexes 
except 41, being a good emitter only at 77 K, are strong 
green emitters at room temperature and 77 K (Fig. 14) 
whereas negligible emissions have been detected in CH2Cl2 
solution at room temperature. The emission spectra of all 
the complexes in solid state (298 and 77K) and CH2Cl2 

glassy state indicate structured emission bands, originating 
from 3ILCT transition (L = C^N ligand) with small amount 
of 3MLCT transition. The emission  spectra of  showed  that 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 the S∧S ligands do not affect the emission profiles. Only the 
R groups affected the structural rigidity and consequently 
the quantum yield values of complexes. The energy of              
UV-Vis spectra and emission bands of containing bzq are 
slightly red-shifted in relation to ppy complexes due to 
extending the π-conjugation system (Fig. 15) [60]. 

Furthermore, the starting complexes L and M were 
treated with PPh3 to give the complex [Pt(C^N)(PPh3)Cl], 
C^N = bzq,   N [115];  ppy,  O  [116],   respectively.   These  

 

Fig. 14. Photographic images of 38-41 under UV light in solid and glass states. Adapted with permission from Ref. [60].  
               Copyright 2017 American Chemical Society. 
 
 

 
Fig. 15. Normalized emission (solid lines) and excitation spectra (dashed lines) for 38-41 in solid state at 298 K. Adapted  
              with permission from Ref. [60]. Copyright 2017 American Chemical Society. 
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phosphine complexes were reacted through facile salt 
metathesis by the replacement of chloride ligand with 
various thiolate ligands to make the luminescent products 
[Pt(C^N)(PPh3)(к1-S-SR)], C^N = bzq, R = SPh, 42; C^N = 
ppy, R = SPh, 43; C^N = bzq, R = Spy, 44; C^N = ppy,            
R = Spy, 45; C^N = bzq, R = SpyN, 46; C^N = ppy,                 
R = SpyN, 47 (Scheme 12). All the complexes were 
emissive at 298 K in the solid state except 45 and 47 which 
are emissive only at 77 K. In the solid state at 298 K               
(Fig. 16), 42 and 43 showed broad orange emissions. Their 
emission spectra were almost similar to each other, coming 
from dPt/πSR → π*C^N transition. 44 indicated unstructured 
green emission band whereas 46 had a green-blue emission 
with  a  structured   band,   originating  from  3ILCT/3MLCT 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(M = Pt, L = bzq) excited state. In the bzq containing 
complexes, the trend of SPh > Spy > SpyN were observed 
for the quantum yield and the decay time values. As 
mentioned above, 45 and 47 were non-emissive at room 
temperature. The DFT-optimized geometries of 45 and 47 in 
T1 state clearly showed the reason of such observation. 
Theoretically, a large distortion occurs in the square planar 
geometry (S0) to a distorted tetrahedral geometry (T1) which 
is not practical in reality (Fig. 17). In the other emissive 
complexes, rigid structures are probably induced by π⋯π 
interactions between the R group of SR and one phenyl 
group of the PPh3 ligand. All thiolate complexes were not 
emissive in solution at 298 K, due to the geometrical 
distortions   that   occur   upon   excitation   in   a   non-rigid 
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Fig. 16. Normalized excitation (dashed lines) and emission (solid lines) spectra of 42-44 and 46 in the solid state at  
                  298 K. Adapted with permission from Ref. [117]. Copyright 2017 The Royal Society of Chemistry. 
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environment [117]. 

Based on the coordination ability of the anion in the 
AgX salts (X = NO3, OAc, PF6, BF4), they were reacted 
with O and produce neutral complexes [Pt(ppy)(PPh3)X],             
X = NO3, 48; OAc, 49, or cationic complexes 
[{Pt(ppy)(PPh3)(CH3CN)}X], X = PF6, 50; BF4, 51 (Scheme 
13). With the exception of 51, all the complexes were strong 
green emitters in solid state at 298 K. By lowering the 
temperature at 77 K, in solid state and solution (glassy state) 
due to the rigidochromism, the emission of all the cases 
became sharper. The emitter complexes had lifetime values 
in the microsecond range, displaying the phosphorescence 
character   of   the  emissions.   The  complexes  48  and   49 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

displayed the same emission bands in solid and solution 
states (298 and 77 K) and the role of the anions (NO3, OAc) 
did not appear in the emission band. On the basis of the 
band shapes, emissive state is originated from 3ILCT (L = 
ppy) with small amount of 3MLCT and no intermolecular 
interactions (Pt…Pt or π…π stacking) were observed in the 
emission bands. On the other hand, 50 and 51 with the same 
cationic part and different counteranions, indicated 
completely different emission bands and colors (Fig. 18), 
although they had similar UV-Vis spectra. The emission 
band for 51 in the solid state (298 and 77 K) was           
containing two emission bands centered at 488 nm (green 
area)  and  a  more  intense  unstructured   band  at  562 nm  

 

Fig. 17. DFT optimized S0 (left) and T1 (right) geometries of 45 with the corresponding contribution of different  
             fragments in frontier molecular orbitals (H atoms are omitted for clarity of  presentation). Adapted with  

                  permission from Ref. [117]. Copyright 2017 the Royal Society of Chemistry. 
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(yellow area) which arise from intramolecular transitions 
and intermolecular short contacts, respectively. The nature 
of counteranions (PF6 and BF4) affected through the short 
contacts between counteranion and the cationic complex. 
The photoluminescence and UV-Vis data for the complexes 
were supported by DFT and TD-DFT calculations [118]. 

In an interesting work, the precursor complex M was 
able   to   make   several     half-lantern    cycloplatinated(II)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

complexes [{Pt(ppy)(μ-S^N)}2], S^N = Spy, 52; Spy-5-CF3, 
53; SpyN, 54; SBt, 55; SBi, 56, in the reaction with 
different potentially bridging heterocyclic thionate ligands 
(Scheme 14). Some of these complexes, 52-54, can be  
easily oxidized in CHCl3 or CH2Cl2 result in binuclear              
complexes [{Pt(ppy)(μ-S^N)Cl}2], S^N = Spy, 57;              
Spy-5-CF3, 58; SpyN, 59 (Scheme 14). The UV-Vis           
absorption   spectra  of  all   the  derivatives  (52-56)   in  the  

 

Fig. 18. Normalized emission and excitation spectra together with photographic images for 48-51 in the solid state at  
              298 K. Adapted with permission from Ref. [118]. Copyright 2018 American Chemical Society. 
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solution, were indicated a weak absorption around 489-           
500 nm that did not present in their precursor M. According 
to the previous TD-DFT calculations on similar molecules, 
the lowest energy absorption band was originated from the 
short Pt…Pt interaction. The UV-Vis spectra of 52-56 in the 
solid state were similar to those for the solutions with a 
slight red shift. This red shift was observed in absorption 
bands at lower energies in the solid state compared with 
solution state which was due to the shortening Pt…Pt 
distance in the solid state. Because of short Pt…Pt 
interactions in 52-56, they were strong red emitters both in 
CH2Cl2 solution and solid state (298 and 77 K). The 
emission profile of these complexes were originated from 
this Pt…Pt interaction (3MMLCT, L = ppy; Fig. 19). For 
52-56, this trend was observed for the emission wavelength 
maximum in CH2Cl2: 660 (μ-Spy) > 645 (μ-Spy-5-CF3) ~ 
640 (μ-SBt) > 635 (μ-SpyN) > 630 nm (μ-SBi). According 
to the quantum yield measurements, 53 was the most 
emissive compound in both solid and solution states. The 
presence of the sterically demanding CF3 group prevents 
intermolecular quenching, as a non-radiative deactivation 
pathway [119]. However, 57-59 were not emissive as 
expected for d7-d7 complexes.  
 
CONCLUSIONS 
 
      In this review contribution, we presented our last decade  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
published works in the field of photophysics of 
cycloplatinated(II) complexes. Based on the ancillary 
ligands of Me, aryl and Cl, we divided our works into three 
main categories. The precursor cycloplatinated(II) 
complexes A-M (Scheme 1) were shown to be talented to 
make luminescent products by replacing their labile leaving 
groups (SMe2, dmso, acetone, Cl) with appropriate strong-
field ligands. In the case of Me- and aryl-based 
cycloplatinated(II) complexes, the strong Pt-Me or Pt-aryl 
bonds can be preserved during the reaction with the other 
ligands like phosphines and therefore they were present in 
the product. Based on our experiences, the simple 
mononuclear cycloplatinated(II) complexes exhibited strong 
green to yellow emissions at room or low temperature; 
however, there are some methods which can be used in 
order to create orange to red emissions in these complexes. 
For the Me-cycloplatinated(II) complexes, metal-metal 
bonds can be established between two Pt(II) centers and it 
makes a deep red emission in these binuclear complexes. 
The presence of such Pt-Pt bond was not detectable in the 
similar aryl-based complexes [120]. Moreover, Me- and 
aryl-cycloplatinated(II) precursors can also be employed for 
the synthesis of heterobimetallic or heteropolymetallic 
complexes. Definitely, the emissions of these heteronuclear 
complexes are very different from their mononuclear (only 
Pt(II)) derivatives. On the other hand, Cl-cycloplatinated(II) 
precursors presented a different chemistry to make different  

 
Fig. 19. Normalized emission spectra of 52-56 in the solid state at a) 298 K and b) 77 K (λex = 440 nm). Adapted  

                with permission from Ref. [119]. Copyright 2019 The Royal Society of Chemistry. 
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luminescent complexes. Because in their structures two 
labile ligands (anionic (Cl) and neutral (dmso)) were 
available. For example, cycloplatinated(II) complexes 
having L^L or L^X (L = neutral, X = anionic) chelates can 
be generated applying a Cl-cycloplatinated(II) precursor. 
Also, the very important class of emissive binuclear 
cycloplatinated(II) complexes i.e. half-lanterns can be made 
by these Cl-containing precursors. 

Certainly, there are still many open questions or many 
complexes that should be synthesized in this field of 
research. In the future, we will try to conduct our research 
pathway toward making new heterobimetallic or 
heteropolymetallic cycloplatinated(II) complexes by 
embedding the metal centers such as Re(I), Ru(II), Rh(III), 
Ir(III), Au(I) into the structures of these complexes. This is 
the way to go for synthesizing the strong emissive 
complexes with different emission behavior. In addition to 
the strong emissions at low energies, these new complexes 
should be biocompatible in order to be applied for bio-
imaging purposes. 
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Abbreviations 
      HOMO, highest occupied molecular orbital; LUMO, 
lowest unoccupied molecular orbital; DFT, density 
functional theory; TD-DFT, time-dependent density 
functional theory.  
MLCT, metal to ligand charge transfer; ILCT, intra ligand 
charge transfer; LLCT, ligand to ligand charge transfer; 
MMLCT, metal-metal to ligand charge transfer; VOCs, 
volatile organic chemicals;  
ppy, 2-phenylpyridine; bzq, 7,8-benzoquinoline; Vpy, 2-
vinylpyridine;  O-bpy,  2,2ʹ-bipyridine  N-oxide;   bpy,  2,2ʹ- 

 
 
bipyridine; ptpy, 2-(p-tolyl)pyridine; bppy, 2-(3-
bromophenyl)pyridine; dfppy, 2-(2,4-difluorophenyl) 
pyridine.  
B(C6F5)3, tris(pentalfluorophenyl)borane.  
dppy, 2-(diphenylphosphino)pyridine; PPh2Me, 
methyldiphenylphosphine; PPh2allyl, 
allyldiphenylphosphine; PPh3, triphenylphosphine; dppm, 
(bis(diphenylphosphino)methane); dppa, (N,N-bis 
(diphenylphosphino)amine). 
ctp, O,O′-di(cyclohexyl)dithiophosphate; btp, O,O′-di(butyl) 
dithiophosphate. 
SPh, thiophenol; Spy, pyridine-2-thiol; Spy-5-CF3, 5-
(trifluoromethyl)pyridine-2-thiol; SpyN, pyrimidine-2-thiol; 
SBt, benzothiazole-2-thiol; SBi, benzimidazole-2-thiol. 
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