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Abstract: Light-emitting electrochemical cells (LECs) are solution-processable thin-film
electroluminescent devices consisting of a luminescent material in an ionic environment. The
simplest type of LEC is based on only one material, ionic transition-metal complexes
(iTMCs). These materials are of interest for different scientific fields such as chemistry,
physics, and technology as selected chemical modifications of iTMCs resulted in crucial
breakthroughs for the performance of LECs. This short review highlights the different strate-
gies used to design these compounds with the aim to enhance the performances of LECs.
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INTRODUCTION

Light-emitting electrochemical cells (LECs) are a promising new type of lighting device. They are sin-
gle-layer electroluminescent devices consisting of a luminescent material in an ionic environment [1,2].
The luminescent material is either a conjugated light-emitting polymer in combination with inorganic
salts or an ionic transition-metal complex (iTMC) used in polymer-based LECs (PLECs) or
iTMC-LECs (Fig. 1). The main characteristic of these devices is their insensitivity to the work function
of the electrodes employed, owing to the role of the mobile ions in the operation mechanism. Currently,
there are three models competing to be accepted, namely: (a) electrochemical [1,3–8], (b) electro -
dynamic [9–13], and (c) a unified model [14,15]. Nevertheless, all models agree that the key of the
mechanism in LECs is the assistance of the mobile anions to the injection process. Therefore, in con-
trast to conventional organic light-emitting diodes (OLEDs), air-stable electrodes, such as gold, silver,
or aluminum, can be used, and as a consequence their encapsulation does not have to be as rigorous as
with OLEDs. 

iTMC-LECs are based on only one active component, and thus they can be considered to be the
simplest kind of electroluminescent device (Fig. 1b). iTMCs can support all three necessary processes
for electroluminescence, namely: charge injection, charge transport, and emissive recombination.
Although high power efficiency, short turn-on time, and reasonable lifetimes have been achieved indi-
vidually in green and orange LECs, there is no single device having all those properties, and there are
also few reports of blue-emitting devices. Accordingly, there is much scope for continuing research to
progress in this field of simple light-emitting devices. 
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The initial experiments performed on iTMC-based LECs were carried out using the [Ru(bpy)3]2+

cation balanced by different counter-anions (Fig. 1b) [16–21]. Other iTMCs, such as ionic osmium(II)
or copper(I) complexes, have also been used to fabricate LECs (Fig. 2) [22–29]. However, the best per-
formance levels in LECs have been observed using heteroleptic iridium(III) complexes, hereafter abbre-
viated as Ir-iTMCs (Fig. 2b) [2,30]. In its simplest form, the Ir-iTMCs used in LECs consist of a com-
bination of at least two different ligands, one ancillary ligand (N^N), such as ethylendiamine (en),
2,2'-bipyridine (bpy), 1,10-phenantroline (phen), 2-(1H-pyrazol-1-yl)pyridine (pzpy), 2-(1-phenyl-1H-
imidazol-2-yl)pyridine (pyim), etc., and two cyclometalating ligands (C^N), such as 2-phenylpyridine
(Hppy), 1-phenylpyrazol (Hppz), etc. Their abbreviated structure is [Ir(C^N)2(N^N)]+1.
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Fig. 1 Schematic representation of a typical PLEC (a) and iTMC-LEC (b). Top: Typical materials used in PLECs.
MEH-PPV is the poly[5-(2'-ethylhexyloxy)-2-methoxy-1,4-phenylene vinylene], PEO is poly-(ethylene oxide),
and [CF3SO3]– is trifluoromethyl sulfonate. Bottom: Typical materials used in iTMC-LECs. [Ru(bpy)3]2+ where
bpy is 2,2'-bypiridine.

Fig. 2 Chemical structure of several iTMCs conventionally used as the unique electroactive material in LECs. For
more information, see refs. [29] (a), [31] (b), and [22] (c). 



All the improvements recently reached in iTMC-LECs have been achieved using different
Ir-iTMCs [14,30–67]. There are several reasons that justify the selection of Ir-iTMCs over other com-
plexes like Ru-iTMCs. First, the dissociative metal-centered (3MC) excited states are less accessible,
which leads to an enhancement of the photostability compared to Ru-iTMCs [68–72]. Second, the high
photoluminescence quantum yields (PLQY or φ) observed for Ir-iTMCs compared to those reported for
Ru-iTMCs are due to the larger spin-orbit coupling resulting from the third-row Ir(III) ion [69,73].
Third, the frontier molecular orbitals in these Ir-iTMCs are well located over different regions of the
complex. The highest occupied molecular orbital (HOMO) is usually composed of the π-HOMO of the
C^N ligands and the dπ orbital of the metal, whereas the lowest unoccupied molecular orbital (LUMO)
is located on the ancillary ligand (Fig. 3). The nature of the emitting excited triplet state, which is nor-
mally described as a monoelectronic transition HOMO → LUMO, presents a mixed character of metal-
to-ligand and ligand-to-ligand charged transfer (MLCT and LLCT, respectively). Therefore, depending
on independent chemical modifications of both ligands, the HOMO–LUMO energy gap in these com-
plexes can be easily tuned. This has led to the development of ionic emitters in the entire visible spec-
trum region [33,35,42,47,53,63,64,74–76]. 

Taking into account the above-discussed properties of Ir-iTMCs, the C^N (Hppy and Hppz) and
N^N (bpy and phen) ligands showing different substitution schemes are selected and combined to build
up complexes with desired properties for obtaining better performances in LECs. In this brief review
we present a selection of specific Ir-iTMCs that have provided important breakthroughs in LECs con-
cerning different points such as color, efficiency, and stability, which were achieved in the framework
of the first author’s thesis. This work is presented in several sections concerning the color emission
(deep-red, orange, green, and blue regions) together with the most important achievements reported for
LECs to date. 

ELECTROFLUORESCENCE OF DEEP-RED LECs

Only a few examples of LECs have been reported that emit in the deep-red or infrared regions using
single iTMCs as the main component [35,56,77,78]. The main reason for this is the lack of iTMCs with
low HOMO–LUMO energy gaps that show phosphorescence emission with high PLQYs. Red emitters
have been usually designed by attaching electron-withdrawing groups on the N^N ligand or by using
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Fig. 3 Schematic diagram showing the electronic density contours (0.05 e bohr–3) calculated for the frontier
molecular orbitals (middle) and the spin density calculated (right) for the optimized triplet emitting states of the
[Ir(ppy)2(bpy)]+1.



N^N ligands with a low-energy LUMO such as the biq ligand (2,2'-biquinoline) [35,53,56,74,76]. A
new plausible alternative that involves the chemical attachment of a fluorescent emitter that has a high
PLQY to an iTMC has been recently presented [51,79]. Perylene diimides (PDIs) were selected as a
fluor escent emitter because of their exceptional photochemical stability, their high fluorescence quan-
tum yields in the deep-red region, and their good electron-transport properties [80]. We demonstrated
that the synergistic collaboration between an Ir-iTMC (that functions as the hole conductor) and a red
fluorescent PDI emitter (that is an electron-transporting material and shows high PLQY), leads to
highly efficient emission in the deep-red region. 

In this new compound [Ir(ppy)2(phen-PDI)][PF6] (Fig. 4a), the PDI moiety is directly attached to
the Ir-iTMCs to avoid phase separation processes due to their different natures. The optimized molec-
ular structure of this complex shows that both moieties are in a perpendicular configuration, which indi-
cates that they are electronically decoupled. The HOMO and LUMO are located on the PDI part and
correspond to the π HOMO and LUMO of PDI, respectively (Fig. 4b). Therefore, the topology of the
frontier orbitals suggests that emission should originate from the PDI fragment. Indeed, the photo -
luminescence spectrum exhibits a structured band at 619 nm, similar to the fluorescence spectra of pre-
viously reported PDI compounds [81], and different from the phosphorescence spectrum of the iridium
complex (Fig. 4c). In addition, the high PLQY (55 %, by irradiation of the PDI unit) and the low
excited-state lifetime (3.0 ns) recorded for the emission unambiguously indicate that the emitting state
is the lowest excited singlet state of the PDI part of the molecule.

This compound was tested in LECs [51]. The features of the electroluminescence spectrum
recorded at 3 V (Fig. 4c) are similar to those observed for the photoluminescence registered in solution,
which indicates that the electroluminescence process occurs from the excited singlet state located on
the PDI. The CIE coordinates of the emitted light are x = 0.654 and y = 0.344 and correspond to a deep-
red color [82]. 

Upon applying a bias of 3 V to the device (Fig. 4d), the luminance reaches values slightly higher
than those reported for iTMC-based LECs that emit in the same wavelength region [56,77,78]. In fact,
high values of current efficiency (2.5 cd/A), maximum power efficiency (2.56 Lm/W), and external
quantum efficiency (3.27 %) are reached after approximately 22 min of device operation. These values
are the highest reported for LECs in the deep-red or near-infrared region. This improvement is attrib-
uted to the combination of two effects: (a) the high PLQY (55 %), which increases the radiative recom-
bination, and (b) the low lifetime of the generated excitons (3 ns), which decreases its diffusion time.
Thus, nonradiative decay processes via impurities or grain defects [83] have a lower probability to
occur.
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STABLE ORANGE LECs

The stability of LECs is defined as either the lifetime [t1/2 (h), time to reach half of the maximum lumi-
nance value] or the total emitted energy [Etot (J), a value that results from the integration of the radiant
flux vs. time from t = 0 (application of bias) to t = t1/5] [84]. 

It is well established that the stability of LECs based on [Ru(bpy)3][PF6]2 is determined by the
degradation of this complex during the device operation [84–86]. Two works evidenced the formation
of the oxo-bridged dimer [Ru(bpy)2(H2O)]2O[PF6]4 as quencher in [Ru(bpy)3][PF6]2 devices [85,86].
The dimer probably results from the condensation of two molecules of the [Ru(bpy)2(H2O)2]2+

quencher previously proposed [84]. The degradation mechanism of the iTMCs is described as an
exchange reaction in which the ancillary ligand (bpy) is replaced by two nucleophilic molecules (H2O)
when the metal-centered excited states (3MC) are populated [68,69,71,72]. The nucleophilic molecules
make their closest approach to the metal core through the octahedral faces of the open coordination
sphere. Hence, the protection of the coordination sphere of the complex against the entrance of nucleo -
philic molecules is highly desirable to design stable iTMCs. 
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Fig. 4 (a) Chemical structure of the compound [Ir(ppy)2(phen-PDI)][PF6]. (b) Electronic density contours
(0.05 e bohr–3) calculated for the HOMO and LUMO of this complex. (c) Photoluminescence spectra of the
complex [Ir(ppy)2(phen)][PF6] (green line) and compound [Ir(ppy)2(phen-PDI)][PF6] (full red circles) in
acetonitrile solution. Electroluminescence spectrum of the LEC device based on compound [Ir(ppy)2(phen-
PDI)][PF6] (open red circles) at an applied bias of 3 V. (d) Current density and luminance vs. time at an applied
voltage of 3 V for an LEC device based on [Ir(ppy)2(phen-PDI)][PF6].



Following this idea, several works have recently been reported in which designed supramolecu-
larly caged Ir-iTMCs lead to long-living LECs [31,45,46,52,59,60,65,67]. The supramolecularly caged
conformation is obtained by using intramolecular π–π interaction, which is obtained by attaching a
phenyl group to the ancillary ligand (Fig. 5).

One of the latest breakthroughs in the stability of LECs was obtained using the complex
[Ir(dmppz)2(pbpy)][PF6] (Fig. 5) [60]. Figure 6 depicts the X-ray structure of the cation in the lattice
of [Ir(dmppz)2(pbpy)][PF6]. It shows the same intracation face-to-face π-stacking of the pendant phenyl
ring of the pbpy ligand as observed in similar complexes [45,46,52,59,60]. The π-stacking interaction
is observed between the rings containing C1 and C33 (centroid–centroid distance, 3.51 Å). Density
functional theory (DFT) calculations on the ground state of this complex show that the topologies of the
HOMO and LUMO are similar to those described for similar Ir-iTMCs (Fig. 6) [31,35,59]. 

The photophysical properties of this complex are characterized by an unstructured and broad
photo luminescence spectrum with a maximum emission wavelength of 574 nm. The PLQY and the
excited-state lifetime in de-aerated acetonitrile solution (λexc = 355 nm) were 2 % and 0.6 μs, respec-
tively. As expected, the nature of the emitting triplet state (T1) is a mixed 3MLCT/3LLCT character
resulting from the HOMO → LUMO excitation (Fig. 6c). DFT calculations show that the π-stacking
interaction is preserved in the T1 and 3MC excited triplet states with centroid–centroid distances of
3.58 and 3.78 Å, respectively. The intramolecular π–interaction determines that in the 3MC state
the Ir–Ndmppz bond implying the dmppz ligand where the π-stacking is present is significantly shorter
(0.20 Å) than the other Ir–Ndmppz bond. This fact has been also observed in other supramoleculary
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Fig. 5 Chemical structure of complex [Ir(ppy)2(pbpy)][PF6] where pbpy is 6-phenyl-2,2'-bipyridine [45], complex
[Ir(dmppz)2(pbpy)][PF6] where dmppz is 3,5-dimethyl-1-phenylpyrazole [60], complex [Ir(ppy)2(pphen)][PF6]
where pphen is 2-phenyl-1,10-phenanthroline [65], and complex [Ir(ppy)2(ppzpy)][PF6] where ppzpy is
2-(1-phenyl-1H-pyrazol-3-yl)pyridine [67].



caged complexes [45,46,52,59,60]. Hence, this π–π interaction leads to the formation of a stable
supramolecular cage conformation both in the ground and in the excited states (emitting and 3MC
states) of the Ir-iTMCs, which should reduce the degradation process and lead to highly stable LECs.

LECs employing the above-mentioned complex were prepared showing high lifetime both
expressed as t1/2 (2000 h) and Etot (18.7 J). These values were significantly the highest values reported
up to now using a constant applied voltage of 3 V. Furthermore, these LECs also show a high stability
at high applied voltages, which confirms their robustness against the degradation process.

The main reason for this behavior is the combination of two synergic effects: the intramolecular
π–π interaction and the presence of methyl groups that help in blocking the entrance of nucleophilic
molecules (Fig. 6, top). The pendant methyl groups of the dmppz ligands are located over the octa hedral
faces containing the N^N ligand and are a clear impediment to the entrance of nucleophilic molecules,
thus rendering the degradation more difficult. Therefore, the use of alkyl groups in these positions addi-
tionally protects the iTMC against degradation, thus explaining the improvement in the stability of
LECs. This assumption is also corroborated by the lower stabilities (t1/2 142 h and Etot 0.33 J) of LECs
employing a similar complex without the methyl groups on the pyrazole ligands.

Recently, another group has adopted this strategy, and this group also obtains a significant
enhancement of the stability [67].

EFFICIENT GREEN LECs

The efficiency of iTMC-based LECs depends primarily on the PLQY of the complex in film [44]. The
PLQY for most of the Ir-iTMCs is low in a film with the same composition as in the active layer used
in LECs. The reason is the strong self-quenching produced by the proximity of the complexes. Slinker
et al. reported one of the most promising strategies to increase the PLQY of Ir-iTMCs, which led to
highly efficient LECs [30]. This strategy consists of the attachment of bulky groups to the periphery of
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Fig. 6 Top: X-ray structure of the [Ir(dmppz)2(pbpy)]+ cation showing the intracation face-to-face π-stacking of the
pendant phenyl ring containing C33 with the cyclometalated phenyl ring containing C1 of a dmppz ligand.
Hydrogen atoms have been omitted for clarity, and thermal ellipsoids are represented at 50 % probability. Bottom:
Electronic density contours (0.05 e bohr–3) calculated for the HOMO (a) and the LUMO (b) of [Ir(dmppz)2(pbpy)]+

cation in its S0 ground state. (c) Spin density distribution (0.005 e bohr–3) calculated for [Ir(dmppz)2(pbpy)]+ cation
in the T1 excited state.



the ligands. The bulky groups separate the complexes in the solid state and lead to high PLQY values
in a film [30,43,57,59,87]. In particular, Slinker et al. showed that the [Ir(ppy)2(dtb-bpy)][PF6] complex
(dtb is 4,4'-di-tert-butylbipyridine) gives rise to efficient LECs (10 Lm/W) [30]. The use of the fluori-
nated version of the later complex [Ir(F2-ppy)2(dtb-bpy)][PF6] [F2-ppy is 2-(2',4'-difluorophenyl)pyri-
dine] also led to highly efficient green LECs (39.8 Lm/W at 3 V and 21 Lm/W at 4 V) [44]. The photo -
luminescence recorded in acetonitrile solution and the electroluminescence spectra shows the same
profile emission with a maximum at ~512 nm. The emission is considerably shifted compared to that
of the [Ir(ppy)2(bpy)][PF6] complex (585 nm) [31] owing to the effect of the attached groups (electron-
withdrawing fluorine atoms and electron-donating tert-butyl groups on the ppy and bpy ligands, respec-
tively) on the energy position of the HOMO and LUMO. DFT calculations clearly indicate that the use
of F2-ppy and dtb-bpy ligands results in a significant stabilization of the HOMO and destabilization of
the LUMO compared to those of [Ir(ppy)2(bpy)]1+ [31,44]. Su et al. demonstrated that the bulky groups
in [Ir(F2-ppy)2(sb)][PF6] complexes (sb is 4,5-diaza-9,9'-spirobifluorene) inhibit nonradiative pathways
associated with the self-quenching [43]. This was reflected in the power efficiencies, which had a value
of 26.1 Lm/W in the green region (535 nm). Bryce and Monkman et al. [57] reported a series of
[Ir(ppy)2(N^N)][PF6] complexes, on which several bulky 9,9-dihexylfluorene and 9,9-carbazolyl -
fluorene side groups were attached to the bpy and phen ligands. They demonstrated that the addition of
bulky groups has little effect on the electronic properties of the complex and only enhances the steric
hindrance that reduces the self-quenching in thin films. Thus, they provide efficient LECs with current
efficiencies of 7 cd/A. However, the use of even bulkier groups induces an undesired reduction of the
charge carrier mobility, as a consequence of the larger intermolecular separation. Similar results were
also obtained in our group studying a series of supramolecularly caged complexes in which the size of
the bulky groups increases [59]. They demonstrated that the use of bulky groups provides two main
effects on LECs: (a) the efficiency increases because of the reduction of the self-quenching in the thin
film, and (b) the stability also enhances because of the hydrophobic character of the Ir-iTMCs.

Another plausible strategy to increase the average intersite distance between iTMCs is to connect
two Ir-iTMCs by a rigid π-conjugated spacer. Novel green-emitter dumbbell-shaped dinuclear
Ir-iTMCs (Fig. 7) incorporating the oligophenylene ethynylene spacer endowed with two bipyridyl
units have been recently reported [58]. The terminal bipyridyl units are used to link two heteroleptic
Ir-iTMCs whose coordination sphere is completed with two F2-ppy ligands. The photoluminescence of
the spacer is characterized by a poorly resolved structured band with maximum emission at 443 nm
(Fig. 7). In contrast, the photoluminescence of the dinuclear compound is described as a broad struc-
tureless band in the green region (521 nm). The shape of the band and the emission maximum recorded
for the dinuclear Ir-iTMCs perfectly agree with those obtained for the end-capping Ir-iTMCs (Fig. 7).
Hence, the nature of the emitting excited state is ascribed to the phosphorescence of the end-capping
iTMCs. However, this compound presents very poor photophysical properties. The dinuclear complex
shows a very low PLQY of 0.7 % compared to that measured for the end-capping Ir-iTMCs (18 %). We
demonstrated this result by using transient absorption experiments in the μs time domain in combina-
tion with DFT calculations that the lowest triplet state of the dinuclear compound corresponds to a 3π–π
state located on the conjugated spacer. The appearance of this state below the emitting states of the end-
capping Ir-iTMCs effectively quenches the phosphorescent emission from the iTMCs and leads to very
low photoluminescent performances. 

Standard LECs based on this compound show an electroluminescent emission in the green region
(CIE coordinates: x = 0.3696, y = 0.4625) [82] with a maximum at 540 nm (Fig. 7). It was shown that
the self-quenching caused by high iTMC concentration in the device was reduced.
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DESIGNING LIGANDS FOR BLUE LECs

As mentioned above, two general strategies have been used to shift the emission to the blue region. One
way is to attach electron-withdrawing substituents onto the phenyl groups of the ppy ligand, which sta-
bilizes the HOMO, and electron-donating substituents onto the bpy ligand, which destabilizes the
LUMO [35,74,76]. Thus, the HOMO–LUMO energy gap is enlarged and the emission color shifts
toward the green/blue region. The second strategy is to use different types of C^N and N^N ligands. For
instance, Tamayo et al. used a F2-ppz ligand [C^N ligand, F2-ppz is 1-(4,6-difluorophenyl)pyrazolyl] to
obtain blue/green LECs (λmax = 492 nm) based on complex [Ir(F2-ppz)2(dtb-bpy)][PF6] [35]. We pro-
posed to use a different N^N ligand with a high-energy LUMO level to develop blue emitters. In this
section, the use of the Met4phen N^N ligand (Met4phen is 3,4,7,8-tetramethyl-1,10-phenanthroline),
which presents a high-energy LUMO, together with the F2-ppy C^N ligands, which provide a low-
energy HOMO, is presented. The combination of these ligands results in an Ir-iTMC,
[Ir(F2-ppy)2(Met4phen)][PF6] (Fig. 8), with a wide bandgap [42].

The photoluminescence spectrum recorded for [Ir(F2-ppy)2(Met4phen)][PF6] in de-aerated ace-
tonitrile solution shows a structured band with one intense maximum at 476 nm, a second less intense
maximum at 508 nm, and a low-intensity shoulder around 550 nm (Fig. 8). Such a structured emission
spectrum indicates a significant contribution from a ligand-centered (LC) π–π* transition. Upon apply-
ing an external bias of 3 V to an ITO/PEDOT:PSS/[Ir(F2-ppy)2(Met4phen)][PF6]/Al LEC device, an
increase in the current density and luminance is observed, reaching a low luminance value of 30 cd/m2

with a maximum power efficiency of 5.8 Lm/W. The color of the emitted light is more striking than the
high power efficiency. Instead of the expected blue emission color, the LEC device emits green light
(560 nm, CIE coordinates: x = 0.417 and y = 0.533) [82], which implies a shift of 84 nm with respect
to the solution-based emission spectrum (Fig. 8). 
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Fig. 7 Top: Chemical structure of the dinuclear Ir-iTMCs. Bottom: Photoluminescence spectra of the dinuclear
compound (red line) and the end-capping Ir-iTMCs (green circles) in de-aerated acetonitrile (~10–6 M) and of the
spacer (black line) in o-dichlorobenzene (~10–6 M). Electroluminescence spectrum (blue circles) of an LEC device
based on the dinuclear compound at 3 V is also shown.



In order to determine the origin of this large red-shift, we studied the photoluminescent proper-
ties of a series of thin films of polymethylmethacrylate (PMMA) with increasing amounts of the com-
plex [Ir(F2-ppy)2(Met4phen)][PF6] ranging from 1 to 100 % (Fig. 8). We found that the photolumines-
cence spectrum of highly diluted films is similar to that obtained from the complex in acetonitrile
solution, while the spectrum from concentrated films is more similar to the emission profile obtained in
LECs. The observed shift of the emission spectrum for [Ir(F2-ppy)2(Met4phen)][PF6] in an LEC device
is primarily related to the concentration and, hence, to the intersite distance of the complex in the solid
film. We also discarded the relation between the concentration-dependent emission spectrum and the
formation of dimers and/or excimers, which are known to cause a red-shift in the emission spectrum
[88]. The commonly observed feature for excimer emission in this type of complex is the increase of
the excited-state lifetime. The emission lifetime was studied, showing that it ranges from a few
microseconds in a polymer film containing 5 % of the iTMC to a few nanoseconds in the case of the 80
and 100 % doped polymer films. This decrease of the excited-state lifetime ruled out the possibility of
excimer emission.

Hence, we proposed another explanation for the observed shift of the emission wavelength. This
is related to the different emissive triplet states predicted from quantum chemical calculations.
According to these calculations, at least three low-energy triplet states, lying within 0.10 eV, are pres-
ent in this iTMC. Although the energy difference is small, the estimated vertical emission energies asso-
ciated with these triplets differ by as much as 60 nm. Hence, the concentration-dependent emission
seems to be related to the presence of multiple excited triplet states, whose energetic ordering changes
as a function of the local environment of the complex.

Other groups have successfully proposed other ancillary ligands to obtain blue emission in LECs
[47,63,64].

R. D. COSTA et al.

© 2011, IUPAC Pure Appl. Chem., Vol. 83, No. 12, pp. 2115–2128, 2011

2124

Fig. 8 Top: Chemical structure of the complex [Ir(F2-ppy)2(Met4phen)][PF6]. Bottom: The left graph displays the
electroluminescence spectrum of an ITO/PEDOT:PSS/[Ir(F2-ppy)2(Met4phen)][PF6]/Al device (green) and the
photoluminescence spectrum of [Ir(F2-ppy)2(Met4phen)][PF6] in acetonitrile solution (blue). The right graph
displays the room-temperature emission spectra of thin films of PMMA: [Ir(F2-ppy)2(Met4phen)][PF6] at several
molar ratios on quartz substrates (λexc = 300 nm).



CONCLUSION

This short review describes in detail some of the different strategies used to design Ir-iTMCs with the
aim to enhance the performances of LECs. They can be summarized as follows: (a) red LECs combin-
ing fluorescent emitters and Ir-iTMCs, (b) the use of bulky groups and spacers to reach high efficien-
cies, (c) stable LECs using π-interactions and blocking groups, and (d) blue LECs using new N^N lig-
ands with high-energy LUMO level. The results obtained to date clearly confirm that LECs are a
promising technology for lighting applications. Nonetheless, these findings have been achieved using
different iTMCs in LECs. Hence, the main target for the future is to join all these strategies in only one
iTMC. 
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