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Dual‐emissive ionic liquid based on an anionic platinum(II) 
complex† 

Tomohiro Ogawa,a Masaki Yoshida,a Hiroki Ohara,a Atsushi Kobayashia,b and Masako Kato*a

An  ionic  liquid  fabricated  by  an  anioinic  cyclometalated 

platinum(II)  complex  and  an  imidazolium  cation  exhibits  dual 

emission from monomeric and aggregated forms of the platinium 

complex anions, leading to temperature‐dependent color changes 

of luminescence. 

In the last two decades, ionic liquids have received considerable 
attention due to their wide liquid range, electric conductivity, large 
electrochemical window, and potential for use as alternative solvents 
for organic reactions.1 To add higher functionalities to ionic liquids, 
metal-containing ionic liquids are attractive because of their diverse 
magnetic,2a electrochemical,2b,c,d or spectroscopic2e properties 
generated by metal ions and organic ligands. In particular, metal-
containing ionic liquids are very intriguing as novel luminescent soft 
materials with unique properties such as low vapour pressure, high 
conductivity, and simple processability. Until now, several metal-
containing ionic liquids showing notable luminescent properties 
have been reported. Well-known examples of luminescent room-
temperature ionic liquids containing metal complexes are based on 
lanthanide complexes, especially Eu(III) complexes.3 Although some 
other luminescent ionic liquids containing Mn(II),4 Ru(II),5 Cu(I),6 
Ag(I),7a Au(I),7a,b or Sb(III)8 have also been developed, their 
luminescence intensities in the liquid state are too weak to utilize 
them as photofunctional materials with high flexibility and 
amorphousness at room temperature, and the exploration of 
luminescent ionic liquids is still a challenging subject.  

To bring out photofunctional properties in ionic liquids, i.e., in 
flexible condensed  matter, we focused on the introduction of 
luminescent Pt(II) complexes that can be stimuli-responsive emitters. 
Some Pt(II) complexes are known to exhibit remarkable 

luminescence colour changes depending on their aggregation forms 
with different intermolecular Pt···Pt and π···π interactions not  only 
in the solid state but also in the solution state.9 These properties 
would be advantageous for organic light-emitting diodes (OLEDs), 
especially white light-emitting OLEDs, because the colour changes 
could be achieved by controlling the emitter concentration in the 
host media.10 Therefore, ionic liquids consisting of Pt(II) complexes 
are expected to exhibit sensitive but controllable luminescent 
properties that could be applicable to light-emitting electrochemical 
cells (LECs), promising easily fabricated light-emitting devices.11 

Fig. 1  (a) Structural formula of [C2mim][Pt(CN)2(ptpy)] (1). Photographs of 

liquid 1 under (b) bright field and (c) UV light. The ring‐shaped and small 

dotted spots are bubbles in the ionic liquid. 

In this communication, we report on the first Pt(II) complex-
based ionic liquid, [C2mim][Pt(CN)2(ptpy)] (Hptpy = 2-(p-
tolyl)pyridine, C2mim = 1-ethyl-3-methylimidazolium ion) (1,  Fig. 
1) and its temperature-dependent luminescence properties. Complex 
1 shows dual-emissive properties because of the energy transfer 
within the disordered structure of the liquid and glass states. The 
unique properties of ionic liquid 1 were investigated by comparing 
the properties with those of corresponding crystalline complex salts 
containing different cations, n-Bu4N[Pt(CN)2(ptpy)] (2) and 
K[Pt(CN)2(ptpy)] (3).  

     Complex 1 was synthesized by a metathesis method as follows: 
Stoichiometric amounts of complex 3 and [C2mim]Br were mixed in 
dichloromethane, followed by washing with water for removal of the 
inorganic salts and drying under vacuum at 100°C (see ESI). The 
resulting yellow substance was found to be a liquid at room 
temperature in an inert atmosphere, although it exhibited 
hygroscopicity. Therefore, in order to elucidate its properties in the 
anhydrous state, complex 1 was dried under reduced pressure at 
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90°C overnight and then stored under inert atmosphere at room 
temperature for several hours prior to use. The thermal behaviour of 
1 was investigated by differential scanning calorimetry (DSC) 
measurements (Fig. 2), as well as thermogravimetry-differential 
thermal analyses (TG-DTA) (Fig. S1). As shown in Fig. 2, the DSC 
curves exhibited glass transition behaviour in both cooling and 
heating processes after the first heating from 25 to 60°C, and no 
other thermal events such as crystalline phase transitions were 
observed between −30 and 60°C. We estimated the glass transition 
temperature (Tg) of 1 to be −10°C from the first cooling process. The 
X-ray diffraction measurements supported that the sample of 1 did 
not crystallize at all until −192°C, and only one peak at 

approximately 2 = 24.2° (d = 3.67 Å) was detected at low 
temperatures, suggesting that the glass state of 1 included a local 
periodic structure such as weak π–π stacking without forming any 
other long-range order (Fig. S2). Although the π systems of 
[Pt(CN)2(ptpy)]− and [C2mim]+ are considered to stabilize a 
crystalline state, the dialkyl-imidazolium cation of [C2mim]+ would 
significantly destabilize its crystalline state because of the poor 
symmetry and charge delocalization. As a result, the liquid state of 
the Pt(II) complex was realized at room temperature, and an 
amorphous glass phase was formed at low temperature instead of a 
crystalline state.  

Fig. 2 DSC curves of 1 [first heating (black line), first cooling (blue line), 

second heating (red line)]. Scan rate: 5 K min
−1
. 

Ionic liquid 1 emitted yellow luminescence under UV light 
irradiation at room temperature. As shown in Fig. 3(a), it exhibited a 
broad emission spectrum with several peaks. It was quite different 
from the methanol solution (1.0 × 10−3 M), in that 1 showed a 
vibronically structured emission spectrum with maximums at 
approximately 486 and 517 nm, assignable to the ligand-centred 
3* transition (3LC) with some mixing of 3MLCT character (Fig. 
S3).12 The emission spectrum is characteristic of discrete 
mononuclear complexes without intermolecular interactions. In fact, 
essentially the same monomeric emission spectrum was observed for 
the crystal of the n-Bu4N

+ salt 2 [Fig. 3(b)], which includes discrete 
Pt(II) complex anions surrounded by n-Bu4N cations, as shown in 
Fig. 4(a). On the other hand, a broad emission spectrum with a 
maximum of 558 nm was observed for the potassium salt 3 [Fig. 
3(b)], in which an interesting dimeric structure of [Pt(CN)2(ptpy)]− 

anions with a short Pt‧‧‧Pt contact [3.2785(7) Å] was found [Fig. 4 

(b)]. Thus, the broad emission spectrum can be assigned to that from 

the triplet metal-metal-to-ligand charge transfer (3MMLCT) state of 
the dimerised Pt(II) complexes.12a These results suggest that the 
emission spectrum of ionic liquid 1 could be an overlapped one of an 
aggregate species of the platinum complexes and the monomeric 
species. The emission spectrum of 1 changed slightly by excitation at 
wavelengths longer than 490 nm, which would be due to preferential 
excitation of the aggregated species (Fig. S4). For the excitation 
spectra, however, distinct differences depending on the monitoring 
emission wavelength could not been observed (Fig. S5) as observed 
for crystalline samples 2 and 3 [Fig. 3(b)]. Also, in the absorption 
spectrum of ionic liquid 1, no detectable bands for the assembled 
species were observed (Fig. S6). These features suggest that the 
amount of assembled species in the ionic liquid is much less than the 
amount of monomer species, and thus the dual emission of 1 at room 
temperature would be attributable to the energy transfer from the 
excited state of the monomeric species to that of the aggregated 
species. 

 

Fig. 3 Emission  (solid  lines) and excitation  (dotted  lines) spectra of  (a) 1  in 

liquid state (ex = 400 nm, em = 560 nm) and (b) 2 (black, ex = 400 nm, em = 

480 nm) and 3 (blue, ex = 400 nm,em = 560 nm) at room temperature. 

 

Fig. 4 ORTEP drawings showing  the environment of  [Pt(CN)2(ptpy)]
−
  for  (a) 

the  n‐Bu4N
+
  salt  (2)  and  (b)  the  K

+
  salt  (3). Displacement  parameters  are 
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drawn at the 50% probability level.  Hydrogen atoms are omitted for clarity. 

Colour code: Pt, purple; C, grey; N, blue; K, orange. 

For further insight, time-resolved emission behaviours were 
investigated. As shown in Fig. 5(a), the emission decay curves from 
the different wavelength regions clearly indicated the existence of 
several components (Table S2). A fast decay component with a 

lifetime () of ca. 0.2 s was observed mainly in the short-
wavelength region (486–500 nm), where the emission came from the 
monomeric species, whereas the relatively slow decay components 

( = ca. 1 and 4 s) increased in the ratio in the longer-wavelength 
regions (501–550 nm and 551–629 nm). Taking into account that the 
emission decay of the monomeric species is much slower in a diluted 
MeOH solution (10−4 M) as a fluid medium [Fig. 5(b)], the fast 
decay for the monomeric species in 1 indicates the existence of an 
additional process in the ionic liquid. It would be reasonable to 
consider the energy transfer from the monomeric to the aggregated 

species because the overall quantum yield of 1 (em = 0.06, Table 
S1) is slightly higher than that in the dilute MeOH solution 

containing only the monomeric species (em = 0.03, Table S3). 

Assuming that the emission lifetime in the dilute MeOH solution (av 

= 2.53 s)  corresponds to that for the monomeric species of 1 in 
fluid media, the energy transfer rate constant from the monomeric to 
the aggregated species is roughly estimated from the difference in 

the lifetime value of the monomeric species in the ionic liquid ( = 

0.192 s, Table S2) to be ca. 4.8 × 106 s−1, which is a reasonable 
value typical for the triplet energy transfer rate constants (106−7 s−1). 
13
 

 

Fig. 5 (a) Emission decay curves of  ionic  liquid 1 at 298 K detected at 486–

500 nm (black line), 501–550 nm (blue line), and 551–629 nm (red line). (b) 

Comparison of the emission decay curve of 1  (black  line, detected at 486–

500 nm) with that in MeOH (blue line, 1.0 × 10
‐4
 M). ex = 337 nm. 

    The ionic liquid exhibited distinct emission colour changes 
depending on temperature (Fig. 6 inset). With decreasing 
temperature, the emission intensity at shorter wavelength regions 
increased remarkably, and at 77 K, the luminescent spectrum of 1 
reached that of the monomeric species, with the vibronic structure as 
shown in Fig. 6. The monomeric emission at 77 K exhibited a longer 

lifetime and thus the decreased decay rate (17.2 s and 5.8 × 104 s−1, 
respectively, Fig. S7, Table S1), which supports the claim that the 
energy transfer was almost suppressed at 77 K due to some energy 
barrier. However, the spectral change at around the glass-phase 
transition point (−10°C) was not distinct, indicating that the fluidity 

or translational motion were not important factors for the dual 
emission.14 On the other hand, the excitation spectra monitored at 
emission wavelengths of 490–650 nm did not exhibit any notable 
changes in the range from room temperature to 77 K (Fig. S8). This 
would be reasonable for the energy transfer emission system, as 
mentioned above. 

 

Fig.  6  Emission  spectra of 1  at different  temperatures. ex  = 337 nm.  The 

relative emission intensities were adjusted for clarity. 

Two different mechanisms have been suggested for dual 
emission from electronically coupled systems.15 One is a thermal 
equilibrium model, which is based on the Boltzmann population 
between two emission states in thermal equilibrium. In this model, 
the emission intensity of the lower energy band increases at low 
temperatures. The other mechanism is a competing system of 
emission and energy transfer processes with an energy barrier. The 
dual emission behaviour for 1 could be assigned to the latter case 
because the emission intensity ratio of the lower energy band 
increased with increasing temperature. The shape of the spectrum of 
1 changed when the excitation wavelength was longer than 490 nm, 
as mentioned above (Fig. S4). The fact that the emission intensity 
from the monomeric species at 530 nm decreased at excitations with 
longer wavelengths also indicates that the back energy transfer from 
the aggregated species to the monomer did not occur. The plausible 
mechanism of this energy transfer is depicted in Scheme 1. The 
energy transfer should play a key role in temperature-dependent dual 
emission. Overall, the phosphorescent cyclometalated Pt(II) complex 
would be advantageous to dual emission of the ionic liquid because 
of the competitive quenching by energy transfer and other 
nonradiative decay and relatively slow radiative rate constants (kr, 
Table S1).  

 

Scheme 1 Plausible mechanism of the dual emissive property of 1.  
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In conclusion, we succeeded in the synthesis of the first ionic 
liquid based on a Pt(II) complex. This ionic liquid exhibited dual 
emission from both the monomeric and aggregated excited states, 
and these dual-emissive properties gave rise to distinct 
thermochromic luminescence. Because of the co-existence of 
monomeric and aggregated forms in disordered liquid and glass 
phases, the energy transfer from the monomeric excited states to the 
aggregated states led to dual emission. To our knowledge, this is 
also the first report of a well-defined dual-emissive ionic liquid. 
Such dual-emissive phosphorescent ionic liquids could potentially 
be used as luminescent materials for simple light-emitting and/or -
sensing devices. Further studies concerning Pt(II)-based ionic liquids 
are now in progress. 
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