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Achieving deep-red emission that meets the stringent BT.2020 color standard remains a critical challenge for
phosphorescent organic light-emitting diodes (OLEDs). Here, we report two newly designed Iridium (Ir) (III)
complexes, Ir(6-PhIgXy)odend and Ir(7-PhlqXy)2dend, which incorporate a 1-(3,5-dimethylphenyl)-phenyl-
isoquinoline ligand to enhance electron density, extend n-conjugation, and promote a planar molecular geometry
favorable for horizontal dipole orientation. The newly designed Ir(Ill)-based emitters exhibit high photo-
luminescent quantum yields of 79.1% and 80.1%, deep-red emission peaks at 635 and 637 nm, and narrow full
widths at half maximum (FWHMs) of 47 and 50 nm, respectively. Furthermore, the introduction of the ligand
results in a high horizontal dipole ratio of 90.7% for Ir(6-PhIgXy)2dend, leading to efficient light outcoupling and
a maximum external quantum efficiency (EQE) of 19.1% without spectral broadening. Importantly, OLEDs
incorporating both emitters exhibit ultra-narrowband deep-red emission peaking at 641 nm with a FWHM of 49
nm, yielding Commission Internationale de I'Eclairage (CIE) coordinates of (0.705, 0.294), which is the closest
match to the BT.2020 red standard (0.708, 0.292) reported to date among Ir(III) - or Platinum(II)-based OLEDs.
This work demonstrates that rational ligand engineering in Ir(IlI)-based phosphorescent emitters can concur-
rently achieve BT.2020-level color purity and high efficiency, providing a promising strategy for next-generation
ultra-high-definition OLED displays.

1. Introduction

The continuous advancements in molecular design and device ar-
chitecture have propelled organic light-emitting diodes (OLEDs) from
academic exploration to thriving commercial success. With the growing
demand for ultrahigh-resolution displays, enhancing the intrinsic color
purity of organic emitters while maintaining high efficiency and long-
term operational stability has become a crucial research focus. Howev-
er, achieving high color purity remains challenging, as current com-
mercial emitters, particularly phosphorescent materials, often exhibit
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broad full-width at half maximum (FWHM), leading to significant de-
viations of their Commission Internationale de I'Eclairage (CIE) co-
ordinates from the BT.2020 standard.

The recent advances in multi-resonance (MR) emitters have shown
great promise for achieving pure-red emission satisfying BT.2020 stan-
dards through molecular designs that minimize structural relaxation and
enhance electron donation, thereby narrowing the emission spectrum
[1]. Nevertheless, synthesizing MR emitters that combine high effi-
ciency with uncompromised color purity remains a significant chal-
lenge. Among various emissive materials, Iridium(III) complexes
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(hereafter referred to as Ir-complexes) have attracted considerable
attention owing to their high efficiency and facile wavelength tunability,
outperforming conventional fluorescent and thermally activated
delayed fluorescence (TADF) materials [2-26]. However, the inherently
broad emission spectra of these Ir-complexes pose a major challenge in
realizing pure-red emission with precise color coordinates. The required
redshift in emission often enhances charge-transfer characteristics,
which undesirably broadens the spectrum and degrades color purity. For
example, P. T. Chou and co-workers reported bis-tridentate Ir-complexes
exhibiting a high external quantum efficiency (EQE) of 27.4% for red
OLEDs. Due to their intrinsic multiple emission peaks, these emitters
suffered from insufficient color purity, resulting in relatively poor CIE
coordinates of (0.63, 0.38), which deviate from the BT.2020 red stan-
dard [24]. Later, Subsequently, Z. Wu and co-workers developed
asymmetric Ir-complexes incorporating isoquinoline cyclometalating
ligands and a thianthrene-5,5,10,10-tetraoxide ancillary moiety. These
emitters delivered deep-red emission at 640 nm with an EQE of 25.8%.
Nevertheless, the broad emission bandwidth led to unfavorable chro-
maticity coordinates of (0.68, 0.30), limiting their suitability for ultra-
high-color-gamut displays [25]. In contrast, G.-G. Shan et al. intro-
duced Ir-complexes featuring nitrogen-modulated cyclometalating li-
gands, achieving ultra-deep-red emission (675 nm) with CIE coordinates
of (0.72, 0.27). Despite the favorable chromaticity, the corresponding
OLEDs exhibited a relatively low EQE of 9.12% [26]. These imply that
achieving both moderately high EQE in deep-red region and favorable
CIE that meet BT.2020 standard is still challenging [27-30].
Therefore, in this study, we present newly designed Ir(III) complexes,
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namely Ir(6-PhIgXy)sdend and Ir(7-PhlqXy)odend, which incorporate a
1-(3,5-dimethylphenyl)-phenylisoquinoline chelating ligand to enhance
electron density, extends n-conjugation, and promotes a planar molec-
ular geometry favorable for horizontal dipole alignment. These features
enable deep-red emission from both emitters with CIE coordinates of
(0.705, 0.294), nearly identical to the BT.2020 red standard (0.708,
0.292). Additionally, Ir(6-PhlqXy)2dend achieves a high horizontal
dipole orientation ratio of 90.7%, resulting in efficient light outcoupling
and an EQE of 19.1% without spectral broadening. This work demon-
strates, for the first time, that our newly designed Ir(Ill)-based red
complexes can simultaneously deliver moderately high efficiency and
strict BT.2020-level color purity, offering molecular-level insight into
dipole orientation control through rational ligand design.

2. Results and discussion
2.1. Synthesis

The Ir-complexes were synthesized using the synthetic route shown
in Scheme 1. The novel Ir-complexes, Ir(6-PhlqXy)2dend and Ir(7-
PhlIgXy)adend, which use 3,7-diethylnonane-4,6-dione as an ancillary
ligand, were developed using 1-(3,5-dimethylphenyl)-6-phenyl-
isoquinoline and 1-(3,5-dimethylphenyl)-7-phenylisoquinoline as main
ligands, respectively, to enhance their horizontal orientation in the
excited states as well as the controlled color purity for BT2020. Based on
consecutive synthetic procedure, two Ir-complexes were obtained in
moderate yields of 80% and 84%. These complexes have been fully

IrCl; nH,O

2-Ethoxyethanol / HZO'

o 0O

Na,CO3

B(OH),

Q.

2-Ethoxyethanol o

A
(N _KaCO, PAPPRy), | _N K;3PO,, PA(PPhy),
»C _— >

2
Ir(6-PhlqXy),dend

B(OH),

IrCl; nH,O

Cl 2N Toluene / EtOH 1,4-Dioxane / H,0 2-Ethoxyethanol / H,O
: 0
@ ®)
0O 0O
Cl O
b N82CO3 -

(6)

2-Ethoxyethanol

2
Ir(7-PhlqXy),dend

Scheme 1. The synthesis procedure of Ir(6-PhIgXy).dend (top) and Ir(7-PhIgXy).dend (bottom).
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characterized by nuclear magnetic resonance (NMR) spectroscopy and
high-resolution mass. The details of synthesis and characterization data
are given in the Supporting Information (see Figs. S1-S18).

2.2. Theoretical calculations and photophysical properties

The electronic structures of the newly designed Ir-complex emitters
were investigated using density functional theory (DFT) and time-
dependent DFT (TD-DFT) calculations with the Schrodinger program.
The optimized singlet and triplet geometries (Fig. 1a—b) with simulated
singlet/triplet energy (S1/T1) of 2.02/1.62 eV for Ir(6-PhIgXy)2dend and
2.10/1.70 eV for Ir(7-PhlgXy).dend, respectively. Both complexes
exhibit identical energy levels for highest occupied molecular orbital
(HOMO, —5.44 eV) and similar values for the lowest unoccupied mo-
lecular orbital (LUMO) energy (—2.82 eV for Ir(6-PhIqXy),dend and —
2.84 eV for Ir(6-PhlqXy)2dend) (Fig. 1c—d).

The LUMO and LUMO+1 of Ir(6-PhIgXy)2dend are delocalized over
one main ligand via the Ir atom and partially extend to the other main
ligand. In contrast, Ir(7-PhIqXy)adend exhibits more localized LUMO
distributions confined to a single main ligand. Additionally, the HOMO
and HOMO-1 in Ir(6-PhIqXy)2dend are also more delocalized on both Ir
center and adjacent ligand region (Fig. S19). These promote stronger
metal-ligand orbital mixing and enhanced MLCT (metal-to-ligand
charge transfer) character in Ir(6-PhlgXy).dend compared to Ir(7-
PhIgXy)adend. Natural transition orbital (NTO) analysis confirms that
T, states are dominated by a single hole — particle transition (NTO
weights >99%) (Fig. 1e-f). For both emitters, the electron NTO is mainly
localized on the n* orbitals of the ligands, indicating ligand-centered
electron excitation. In contrast, the hole NTOs differ significantly. Ir
(6-PhIgXy)adend shows relatively higher Ir contribution with more hole
NTO distribution at Ir center, indicative of stronger MLCT character in
the T; state. Meanwhile, Ir(7-PhIqXy)2dend exhibits a more ligand-
localized hole NTO with reduced Ir participation, suggesting a more
ligand-centered dominated excited state character with weaker MLCT
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mixing. Consistent with these observations, calculation of spin-orbit
coupling matrix element (SOCME) showed that Ir(6-PhIgXy)adend
possessed a larger SOCME between Ty and S, ((T+| Hsoc [So) =1.71 em!
vs. 1.57 ecm™ 1), favoring efficient triplet radiative decay.

The UV-visible absorption and photoluminescence (PL) spectra of Ir
(6-PhIqXy)odend and Ir(7-PhIqXy)adend in dichloromethane solution
(room temperature and low temperature) and in vacuum-deposited thin
films (TCTA:Ir-complexes (4%, 5 nm)/TPBi:Ir-complexes (3%, 5 nm))
are shown in Fig. 2a—c and summarized in Table 1. The strong absorp-
tion band below 450 nm corresponds to spin-allowed n-n* transitions,
while the weaker band in the 500-650 nm region arises from a mixture
of singlet and triplet metal-to-ligand charge transfer (*MLCT and
3MLCT) with additional inter-ligand charge transfer (MLCT) contribu-
tions. Particularly, the MLCT bands of Ir(6-PhlqXy).dend and Ir(7-
PhIgXy)adend represent red-shifted absorption compared with reported
quinoline-based Ir-complexes without an extended phenyl ring [27].
The optical band gaps were estimated to be 1.94 eV for Ir(6-PhIgXy)s.
dend and 1.93 eV for Ir(7-PhlgXy)2dend. These low optical bandgap
energies had likely come from metal-induced strong spin-orbit coupling
(SOCQ). This strong SOC partially relaxes spin selection rules, allowing
forbidden S, — T; ((MLCT) absorption with very low oscillator strength,
and therefore, appearing weak absorption tails at long wavelength.
Owing to the extended n-conjugation provided by the phenyl group on
the quinoline ligand, both complex emitters exhibit deep-red emission,
with PL maxima at 637 nm and a FWHM of 50 nm for Ir(6-PhIgXy),.
dend, while PL spectra for Ir(7-PhlgXy).dend peaked at 635 nm with
slightly smaller FWHM of 47 nm. The more PL redshift in Ir(6-Phlq-
Xy)odend could be attributed to the phenyl on the 6-position of quino-
line directly extending the conjugated effect to the iridium complex.
Importantly, these narrow emission bandwidths are due to the rigid
molecular framework, where bulky phenyl and dendritic groups sup-
press vibrational relaxation and limit structural reorganization in the
excited state. Interestingly, in doped TCTA:TPBi thin films, both Ir-
complexes emit at ~638 nm with even narrower FWHMs (~42 nm,
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Fig. 1. Theoretical calculations and photophysical properties of newly designed Ir(6-PhlqXy).dend and Ir(7-PhIgXy).dend. (a) Optimized structure in singlet (S;)
and triplet (T;) states. LUMO-HOMO distributions of (c) Ir(6-PhIqXy).dend and (d) Ir(7-PhIqXy).dend. NTO simulation with SOC calculations for (e) Ir(6-Phlq-

Xy)odend and (f) Ir(7-PhlqXy).dend.
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Fig. 2. Photophysical properties of Ir(6-PhIqXy).dend and Ir(7-PhlqXy).dend. (a) Normalized absorbance and PL intensity in dichloromethane solution at room
temperature. (b) Normalized PL intensity of the two Ir-complex emitters when doped in mixed host TCTA:TPBi (film). (c) Normalized PL intensity at low temperature

(77 K). (d) TRPL of the two Ir-complex emitters in solution state.

Table 1
Photophysical properties of Ir(6-PhIgXy),dend and Ir(7-PhIgXy)sdend.
Ir-complex UV-Vis® (nm) PL peak® FWHM" Erp EroMo/LuMo.” Tave Band gap” Horizontal orientation PLQY
(nm) (nm) (eV) (eV) (ns) (eV) (%) (%)
Ir(6- 359, 440, 492, 609 637 50.0 2.0 —5.06/-3.12 713 1.94 90.7 80.1
PhIgXy).dend
Ir(7- 359, 436, 492, 610 635 47.0 2.0 —5.05/-3.12 873 1.93 86.6 79.1
PhIgXy).dend

2 UV-vis absorption and photoluminescence (PL) spectra were measured in a 1 x 10~> M DCM solution.
b The LUMO energy level was determined by cyclic voltammetry (CV) measured in a 1 x 10~> M DMF solution.

Fig. 2b) without any shoulder peaks. The low-temperature PL (LTPL)
indicates that both emitters have the same T; value as 2.0 eV (Fig. 2c). At
low temperature, suppressed thermal motion and reduced homogeneous
broadening allowed the vibronic transitions, which corresponded to
shoulder peak, to become spectrally distinguishable. The broad tail
emission in the LTPL spectra also suggests that Ir(6-PhIqXy),dend ex-
hibits a slightly higher MLCT-to-LT ratio, which is consistent with
simulation results. The PL of the two emitters in solvents with different
polarity shows that both emitters have broadened spectra with increased
polarity (Fig. S20).

In addition, time-resolved PL (TRPL) measurements of the vacuum-
deposited films revealed average lifetimes (tavg) of 713 ns for Ir(6-
PhlIgXy)adend and 873 ns for Ir(7-PhlgXy).dend (Fig. 2d). The shorter
exciton lifetime in Ir(6-PhIgXy)adend could be attributed to its slightly
higher MLCT contribution and SOC values. These exciton lifetimes are
significantly shorter than those of conventional phosphorescent emitters
[31]. The vacuum-deposited emissive layers of Ir(6-PhIqXy),dend and Ir
(7-PhlqXy)2dend showed comparably high PL quantum yields (PLQYSs)
of 80.1% and 79.1%, respectively, implying nearly identical radiative
efficiencies with minimal non-radiative trap-mediated losses. The
coexistence of high PLQYs with sub-microsecond lifetimes suggests that
the shortened tayg arises from efficient exciton transfer and radiative
recombination rather than from enhanced non-radiative decay.

The two new Ir-complexes show identical LUMO of —3.12 eV and
negligible difference in HOMO, which is —5.06 eV for Ir(6-PhIgXy),.
dend and — 5.05 eV for Ir(7-PhIqXy)adend (Fig. S21). The thermal sta-
bility of the Ir-complexes was assessed via thermogravimetric analysis
(TGA) and differential scanning calorimetry (DSC) measurements
(Fig. S22). A high decomposition temperature (Tq4, defined at 5% weight
loss) was recorded from TGA measurement to be 367 °C for Ir(6-Phig-
Xy)odend and 334 °C for Ir(7-PhIqXy)adend, while the DSC measure-
ments showed no phase transitions up to 300 °C. These indicated the
high thermal stability of our newly synthesized Ir-complexes.

2.3. Highly horizontal dipole oriented Ir-complex emitters

To gain deeper insight into the intrinsic molecular orientation
behavior of the two new Ir-complexes, molecular dynamics (MD) sim-
ulations were performed by depositing 50 molecules of each Ir-complex
onto a TAPC substrate, which serves as the hole-transporting layer in the
device (Fig. 3a). The transition dipole moment (TDM) vectors were
computed for each molecule, where blue and green vectors represent
horizontally and vertically oriented components, respectively. The angle
(0) between each TDM vector and the substrate normal was used to
calculate the orientation order parameter (S) (see Fig. 3a for definition).
The orientation distributions are shown in Fig. 3b and c. Ir(6-
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PhIgXy)adend exhibited a more negative S value (S = -0.150) than Ir(7-
PhIgXy)odend (—0.118), indicating a stronger horizontal alignment
tendency for Ir(6-PhIgXy)adend. The relatively high simulated 6 values
for Ir(7-PhIqXy)adend implied that their TDMs for are tilted downward
toward the TAPC substrate, whereas those of Ir(6-PhIgXy)dend are
more preferred horizontal oriented with slightly upward from the sub-
strate plane. This opposite tilting behavior originates from the distinct
ligand substitution positions on the quinoline ligands, which influence
both molecular symmetry and local dipole distribution (Fig. S23),
affecting n—n and van der Waals interactions with the TAPC surface.
Nevertheless, it is worth noting that molecular orientation also depends
on factors such as the deposition rate and the type of substrate; there-
fore, slight discrepancies between the simulated and experimental re-
sults are common [32-34].

Despite their intrinsically three-dimensional and non-planar geom-
etries, the chemical/geometrical asymmetry of our emitters could
induce an anisotropy in molecular orientation. The larger aspect ratio y
for Ir(6-PhlqXy)2dend (y = 1.4) compared to Ir(7-PhlqXy).dend (y =
1.2) indicates a more laterally extended (disk-like) molecular envelope,
arising from the phenyl substituent at the 6-position compared to the 7-
position (see Fig. S24). This increased lateral extension is expected to
enlarge the intermolecular and host-guest interaction surface area,
thereby favoring a face-on adsorption configuration during film for-
mation and inducing a preferential horizontal orientation of the emitter
molecules [35-37].

Additionally, we performed simulations of the TDM orientation of
the Ir-complex emitters separately doped into the TCTA and TPBi hosts
(Fig. S25). Both emitters exhibit a preferred horizontal orientation, as

evidenced by their negative S values. The differences in S values for each
emitter when doped in TCTA versus TPBi indicated that the molecular
orientation of the emitter was strongly dependent on the host material.
This behavior can likely be attributed to anisotropy in the electrostatic
potential (ESP) of the emitters, which affects their van der Waals in-
teractions with different host environments (Fig. S24) [30].

The dipole orientation of the new Ir-complexes, doped in bilayer
(TCTA:Ir-complexes (4%, 5 nm)/TPBi:Ir-complexes (3%, 5 nm), was
then experimentally determined using Fourier imaging microscopy
(FIM) (Fig. 3d-f) and further validated with spectrally resolved FIM (SR-
FIM) (Fig. S26) to ensure accuracy. In the Fourier (k-space) image, ky/ko
= 0 contains information solely about s-polarization, while ky/ko =
0 reflects p-polarization. To separate the polarization modes of the
emitted light, a linear polarizer was used to decompose the emission into
orthogonal p- and s-polarized components, which were then analyzed
with a spectrometer. By fitting these polarization-resolved measure-
ments to optical simulations with varying horizontal dipole orientation
ratios, the degree of horizontal dipole orientation in the emissive ma-
terials was determined. As a result, Ir(6-PhIgXy)2dend and Ir(7-Phig-
Xy)odend exhibit very high horizontal dipole orientation ratios of 90.7%
and 86.6%, respectively, which agrees with the tendency observed from
simulation results. SR-FIM analysis yielded similar results, further con-
firming the reliability of our measurements. These highly horizontal
orientation could be attributed to the excellent planarity in both Ir-
complexes with rigid, oblate molecular structures, which promote
strong n—x and van der Waals interactions, leading to preferential hor-
izontal alignment during molecular stacking [35,38]. The different co-
ordination environment between Ir(6-PhlqXy)sdend and Ir(7-
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PhIgXy)aodend induced by the 6- and 7-position phenyl substitutions
alter the steric environment around the iridium center and electronic
effect at the iridium center. Specifically, the 6-phenyl substitution pro-
moting a more symmetric and direct electronic effect to Ir center
through the N of quinoline by conjugation, thereby enhancing overall
molecular planarity and enhanced coordination bond compared to the 7-
phenyl analogue [39,40]. The high horizontal dipole orientation is
critical for light outcoupling, directing more emitted light toward the
substrate and thereby increasing the EQE [29].

2.4. Electroluminescence properties with BT.2020 achievement

To exploit the high horizontal dipole orientation of Ir(6-PhIgXy)s.
dend and Ir(7-PhlgXy).dend for enhanced OLED light outcoupling,
vacuum deposition was preferred over solution processing, as spin-
coating often results in random molecular orientations. Vacuum-
deposited devices with the following structure were fabricated: ITO/
GraHIL (90 nm)/TAPC (15 nm)/TCTA:Ir-complexes (1:0.4%, 5 nm) &
TPBi:Ir-complexes (1:0.3%, 5 nm)/TPBi (55 nm)/LiF (2 nm)/Al (100
nm) (Fig. 4a). Here, an exciplex co-host composed of TCTA and TPBi,
having closely aligned singlet and triplet energy levels along with
reduced charge-trapping sites [28], was used to facilitate the efficient
transfer of both singlet and triplet energies to Ir-complex emitters.

Device characteristics are presented in Figs. 4b—f and S27 and sum-
marized in Table 2. Both devices exhibit similar low turn-on voltages
(V,n) of 2.7 V. The luminance recorded at 9 V was 1992 cd-m~2 and
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3386 cd-m 2, respectively, in Ir(6-PhlgXy)sdend and Ir(7-PhIgXy)sdend
devices. The lower luminance in Ir(6-PhIqXy)adend device was due to
the lower current flowing in device, implying that the substituted po-
sitions had impact on the charge transport properties of the emitters.
Nevertheless, the OLED based on Ir(6-PhlgXy).dend achieved a
maximum EQEp.x of 19.1% and a maximum current efficiency (CEpax)
of 8.9 cd-A”!, whereas the Ir(7-PhlgXy)zdend device only reached
17.0% and 7.8 c¢d-A™!. The EQEs at 100 cd-m~2 and 1000 cd-m~2 were
15.6% and 9.8% for Ir(6-PhIgXy)adend, 15.0% and 9.4% for Ir(7-Phlg-
Xy)odend, respectively. Given the nearly identical photophysical prop-
erties and PLQYs, the improvement in device performance is primarily
attributed to differences in horizontal dipole orientation rather than
intrinsic emissive properties. The higher horizontal dipole ratio of Ir(6-
PhIgXy)odend facilitates more efficient light outcoupling, enabling
enhanced photon extraction from the OLED structure. Angular lumi-
nance measurements also reveal that devices exhibit angle-dependent
emission closely following the Lambertian distribution. Additionally,
the efficiency roll-off in both devices was attributed to the low T; of put
deep red Ir-complex emitters. Such low-energy triplet excitons are
intrinsically more susceptible to non-radiative quenching processes,
which naturally leads to enhanced efficiency roll-off under high driving
conditions. Nevertheless, our devices still exhibit state-of-the-art effi-
ciency within the ultra-deep-red regime.

Both devices exhibit deep-red electroluminescent (EL) spectra
peaking at 641 nm with a very narrow FWHM of 49 nm, resulting in
highly pure red emission (Fig. 4c). At a luminance of 100 cd-m’z, the
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Fig. 4. a) Device structure with energy level diagram of OLED devices using newly synthesized Ir-complexes as emitters. Device characteristics: b) Current density -
voltage graph, c¢) luminance - voltage, d) EQE - Luminance graph, e) normalized EL spectra, f) normalized angle-dependent EL.
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Table 2

EL properties of Ir(6-PhIqXy).dend and Ir(7-PhIgXy),dend based OLEDs.
Emitter Von (V) CEpmax (cd A1) EQEmax/100/1000 (%) FWHM (nm) EL spectra (nm) CIE (x, y)
Ir(6-PhIqXy).dend 2.7 8.9 19.1/15.6/9.8 49 641 (0.705, 0.294)
Ir(7-PhIqXy).dend 2.7 7.8 17.0/15.0/9.4 49 641 (0.705, 0.294)

devices show CIE (x, y) coordinates of (0.705, 0.294), which are nearly
identical to the BT.2020 red standard of (0.708, 0.292) (Fig. 5a). To the
best of our knowledge, this represents the first report of such charac-
teristics in a phosphorescent red OLED. Comparative data with previ-
ously reported studies are presented as FWHM-wavelength, EQE-CIEx,
and EQE-CIEy plots in Fig. 5b-d and summarized in Table S1. The
FWHM obtained in this work is among the narrowest reported for red Ir-
complex-based OLEDs (Fig. 5b).

Importantly, despite their moderately high EQE values, the CIEx and
CIEy coordinates of our devices show the closest match to the BT.2020
red standard. In contrast, the coordinates of all previously reported
references deviate significantly from the BT.2020 values (Fig. 5c—d).
Importantly, this spectral precision is realized without sacrificing effi-
ciency, as evidenced by the moderately high EQE values. Collectively,
the combination of moderately high efficiency and outstanding color
purity positions these newly designed narrowband deep red Ir-

complexes as highly promising candidates for advanced OLED dis-
plays, particularly in premium applications where both energy effi-
ciency and accurate color reproduction are essential.

3. Conclusion

In summary, we designed and synthesized Ir(Ill)-based pure red
complexes for OLEDs that deliver deep-red emission, narrow FWHM,
and low driving voltage, addressing key requirements for high-
resolution display technology. The newly developed 1-(3,5-dimethyl-
phenyl)-phenylisoquinoline chelating ligand enhances electron density
and extends n-conjugation, thereby narrowing the energy gap to match
the BT.2020 red region while also promoting a planar molecular ge-
ometry favorable for horizontal dipole alignment. Although Ir(6-Phlg-
Xy)odend and Ir(7-PhIqXy)aodend exhibit nearly identical excited-state
energy levels, we identified horizontal dipole orientation as the
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decisive factor governing device efficiency. Ir(6-PhIgXy).dend achieved
a higher orientation ratio of 90.7% compared to 86.6% for Ir(7-Phlq-
Xy)odend, resulting in superior light outcoupling and an EQE of 19.1%.
Notably, the two Ir-complexes also deliver precise color purity with CIE
(%, y) coordinates of (0.705, 0.294), representing the closest match to
the BT.2020 red standard among reported red phosphorescent OLEDs
based on Ir(IIl) or Pt(II) complexes.
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