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Abstract

A family of complexes of the type trans-(NHC)2Pt(C=C-Ar), (NHC = N-heterocyclic carbene and
Ar = substituted phenyl or 4-pyridyl) exhibits blue or blue-green phosphorescence. The
photoluminescence is 10 — 50 fold more efficient when the materials are in dispersed in a solid
poly(methyl methacrylate) glass compared to in THF solution. The phosphorescence quantum
efficiencies in PMMA glass range from 0.20 — 0.65, varying with the structure of the aryl acetylide

ligands. Organic light emitting diodes (OLEDs) were fabricated by thermal evaporation, using
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bis[2-(diphenylphosphino)phenyl] ether oxide (DPEPO) as the host and 15% of the trans-
(NHC)2Pt(C=C-Ar), complexes as the dopant/emitters. Most of the OLEDs display good
performance, with EL spectra that closely match the PL in the PMMA glass. The best performing
materials have peak EQE ranging from 9.6 — 14.1%, with deep blue spectral profiles (minimum
CIE (0.16,0.13). Several of the complexes have deep HOMO levels and they display poor EL

performance attributed to inefficient host to emitter hole transfer.
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Introduction

Since the first report of a convenient synthetic route,!” platinum acetylide*’ molecules,
oligomers and polymers have been considered as model organometallic complexes in
photophysics®!? for fundamental investigation of triplet excited states in m-conjugated materials.

In addition, studies have explored potential applications of platinum acetylides in phosphorescent
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organic light emitting diodes (OLED solar cells, and as nonlinear absorption
chromophores.?!"* Platinum acetylide materials are air stable, have good thermal stability, and are
soluble in common organic solvents, properties which render them processible from solution and
by vacuum thermal deposition. One reason for the interest in platinum acetylide materials is
fundamental investigation and application of triplet states in organic electronics.® 1> 16 Excitation
of these complexes is accompanied by rapid singlet — triplet intersystem crossing that affords
triplet excitons in high yield.'®2¢ In some cases the polymers’ and complexes?’ exhibit moderate

to high room temperature phosphorescence yields. However, in many systems long triplet lifetimes

and low phosphorescence quantum yields limit their application as active materials in OLEDs.?®



The o-donor (and m-acceptor) long chain alkyl phosphines induces the structural distortions in the
excited states, leading to the thermal deactivation via low-lying d-d states.?’

During the past several decades, research efforts have been made to regulate the frontier
orbitals of the platinum complexes to minimize the non-radiative decay pathways of their excited
states. New platinum-containing phosphorescent chromophores were obtained by using multi-
dentate ligands.?® 33! The strong donor ability, and rigid molecular structure in the excited and
ground states of these materials results in high emission quantum yields.>® Applying this concept,
a series of red*>** and green®* phosphorescent complexes were reported recently. However, reports
on the development of deep blue platinum-based phosphorescent chromophores are rare.?% 3% 323>
37 Compared to platinum complexes based on multi-dentate ligands, complexes that feature N-
heterocyclic carbene (NHC) ligands have shown great ability to produce efficient blue
phosphorescent emitters.?® 3% 383 Strong 6-donor and weak m-acceptor NHC ligands*’ form a
strong bond with platinum, thus destabilizing the d-d excited state manifold, resulting in a decrease
of non-radiative decay and an increase radiative decay via phosphorescence.*! Inclusion of

heterocyclic carbene in the tetra-dentate ligands, and their complexation with platinum give rise

to deep blue phosphorescent chromophores.*°
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Chart 1. Structures and acronyms for the frans-NHC Platinum(Il) acetylide complexes.

Reproduced with permission from Ref. 29. Copyright 2019 ACS Publications.

Recently, a family of complexes of the type trans-(NHC),Pt(C=C-Ar), was reported by our
group (Chart 1).>** This new family of complexes is constructed using trans-N-heterocyclic
carbene ligands instead of alkyl phosphines which are often used as auxiliary ligands in platinum
acetylide complexes.* The NHC-based complexes feature moderate to efficient room temperature
phosphorescence depending on the structure of the aryl acetylide ligands.?’ Previously reported
analogous complexes with phosphine ligands also exhibit phosphorescence, but only at low
temperature, demonstrating the advantage of the NHC ligands. Photophysical measurements on
solid state PMMA films of platinum acetylide complex IPtP (Chart 1) displayed phosphorescence
quantum yield of 0.30, giving a narrow deep blue photoluminescence with CIE coordinates of
(0.14, 0.12). Furthermore, an OLED device fabricated with IPtP as the emitter features a maximum

external quantum efficiency of 7.8% with CIE coordinates of (0.20, 0.20).%



In this work, we report the solid state photophysics and OLED device performance of the
previously reported family trans-(NHC),Pt(C=C-Ar), complexes with variation of NHC and
acetylide ligands (Chart 1).?° First, the photophysical properties of the complexes doped into a
solid state poly(methyl methacrylate) (PMMA) matrix were investigated. The results show that in
the solid-state, the complexes’ phosphorescence quantum yields and triplet lifetimes are
substantially greater than those in solutions. These results are a manifestation of substantially
reduced non-radiative decay rates in the solid state. Second, the family of complexes were used
as emitters in OLED devices; many of the chromophores display good performance with external
quantum efficiency up to 14 % and CIE color coordinates of (0.16, 0.13). However, several
complexes with high phosphorescence yields in solid state display poor performance in the
OLEDs. Electrochemical studies indicate that these latter complexes have very deep highest

occupied molecular orbital (HOMO) levels giving rise to inefficient hole transfer from the host.

Experimental Section

Materials. Platinum complexes IPtP, IPtPF, IPtPOMe, IPtPCF3, IPtPyr, IPtPMe, IPtPCN,
BiPtP, BiPtDPA, BiPtPyr and BiPtPF were prepared as previously reported.?

Steady State and Time Resolved Photoluminescence Measurements. For solid-state
samples, the chromophore was mixed into a PMMA stock solution (16 mg/mL PMMA in
chlorobenzene, 2 wt% chromophore), and the resulting solution was drop cast onto glass slides (1
cm x 2.5 cm). Steady-state photoluminescence measurements were performed on a Horiba
Fluorolog-3 spectrophotometer with xenon arc lamp and Horiba photomultiplier tube (detector
range: 290-850 nm) modified with a petite integrating sphere. When the excitation beam was

characterized, a 14% neutral density filter was used to attenuate the light going to the detector. In



a separate experiment, the filter was characterized at the excitation wavelength to determine the
correction factor.

Phosphorescence lifetimes of the solid-state samples were recorded with a PicoQuant
FluoTime 300 Fluorescence Lifetime Spectrophotometer by the time-correlated single photon
counting (TCSPC) technique. A Ti:sapphire Coherent Chameleon Ultra laser was used as
excitation source. The Chameleon laser provides pulses of 80 MHz that can be tuned from 680-
1080 nm. The 80 MHz pulse train was sampled using a Coherent Model 9200 pulse picker to
provide excitation pulses at an acceptable repetition rate and was frequency doubled using a
Coherent second harmonic generator. An excitation wavelength of 340 nm was chosen for all
samples.

OLED Fabrication and Device Testing. OLED fabrication and device testing were
performed according to methods reported previously.** The devices were fabricated on glass
substrates commercially precoated with a layer of indium tin oxide (ITO) with a sheet resistance
of ~15 Q/sq. The substrates were cleaned with soapy water, deionized water, acetone, and
isopropanol consecutively, and then exposed to ultraviolet ozone for 15 min immediately before
loading into a high-vacuum deposition chamber (background pressure lower than 4 x 10" Torr).
4,4'- Cyclohexylidenebis[ NV,N-bis(4-methylphenyl) benzenamine] (TAPC) (30 nm thick), #ris(4-
carbazoyl-9-ylphenyl)amine (TCTA) (10 nm), bis[2-(diphenylphosphino)phenyl] ether oxide
(DPEPO): 15% emitter (20nm), DPEPO (10nm), 2,2',2"-(1,3,5-benzinetriyl)-tris(1-phenyl-1-H-
benzimidazole) (TPBi) (30 nm), LiF (1 nm) and aluminum cathode (100 nm) were deposited in

succession without breaking the vacuum (see below for device stack schematic and Chart S1 in SI



for chemical structures of materials). A crossbar geometry was used for the patterned ITO anode
and the Al cathode, which defined an active device area of 4 mm?.

The electroluminescence spectra of the OLEDs were obtained using an Ocean Optics
spectrometer (USB 2000) and a Keithley 2400 power source. Current-density-voltage (J-V)
characteristics of the devices were measured using an Agilent 4155C semiconductor parameter
analyzer under ambient conditions. The luminance was calculated from the photocurrent of a
calibrated silicon detector (Newport 818 UV) that was placed close to the devices assuming
Lambertian emission. The external quantum efficiencies were then calculated from luminance and
device spectra.

Electrochemical Characterization. Cyclic voltammetry was acquired using a CHI 760E
electrochemical workstation with 2 mm diameter platinum working electrode, Ag/Ag+ reference
electrode, and platinum wire counter electrode. The complexes were dissolved in dry CH2Cl; to a
concentration of ~1 mM, and mixed with 0.1 M tetra-n-butylammonium hexafluorophosphate
(nBus4PFs) and then purged with argon for 20 minutes. Experiments were then conducted under

argon with a scan rate of 100 mV/s.

Results and Discussion

The platinum acetylide chromophores were doped into a polymethyl methacrylate (PMMA) matrix
at 2 wt% and the emission spectrum, emission quantum yield and lifetime were measured for each
solid sample. The solid state photophysical properties for the family of complexes are shown in
Table 1, including the CIE color coordinates for each chromophore. (A full characterization of the
photophysical properties of the family of complexes in THF solution, including absorption,
emission and transient absorption is provided in our earlier study.?’) In general, the solid-state

emission spectra are consistent with those previously reported in THF solution,?® showing the same



peak and vibronic shoulder. On the basis of the previous study and the lifetimes (us timescale), the
emission is attributed to phosphorescence from the triplet state. Notably, the solid-state emission
quantum yields for all of the complexes are moderate to high (0.2 — 0.6 range), and the values are
significantly larger than for the same complexes in solution. The lifetimes range from ~ 10 — 50
us and they are also significantly higher in the solid matrix compared to solution.?> %
Interestingly, there are two complexes that are exceptions: IPtPCN and BIPtPDPA feature
emission quantum yields and lifetimes and that are consistent between solution and solid state.
The trans-(NHC)>Pt(C=C-Ar), complexes have been reported to possess a non-emissive d-d
excited state that lies just above the emitting (*n,n*) state.? Note that these two complexes have
the lowest energy emission,? and these similar photophysical properties between solution and
solid state suggest that the d-d state is not thermally accessible for [IPtPCN and BIPtPDPA because
the emitting state is too low in energy. This provides insight into the mechanism for the enhanced

emission for the other complexes in the PMMA solid state matrix.

Table 1. Photophysical Properties of NHC Pt(IT) Acetylides in PMMA Glass

Complex Amax/ NM CIE Opvma (Orr)? Temma (Ttrr)?/ us
PP 4 (0.14,0.12) 0.30 (0.029) 9(1.7)
IPtPMe 442 (0.15, 0.17) 0.35 (0.065) 22(3.7)
IPtPF 436 (0.15, 0.15) 0.47 (0.04) 2 2.1
IPtPyr 432 (0.14, 0.10) 0.65 (0.012) 17 (0.10)
IPtPCN 483 (021, 0.47) 0.42 (0.45) 45 (39)
IPPOMe 441 (0.15,0.17) 0.47 (0.06) 25 (1.1)
IPtPCF; 452 (0.15, 0.20) 0.4 (0.19) 23 (5)
BiPtP 438 (0.14,0.12) 0.56 (0.08) 21 (1.8)
BiPtPyr 431 (0.14, 0.09) 0.58 (0.012) 16 (0.35)
BiPtPF 435 (0.15,0.12) 0.45 (0.06) 24 (1.4)



BiPtPDPA 483 (0.21, 0.49) 0.22 (0.12) 34 (36)

“Quantum yield values in THF solution (from ref 29). * Lifetime values in THF solution (from ref 29)

Comparison between solution and solid-state rate radiative and non-radiative decay rate
constants (k; and kqr, respectively) is provided in SI (Table S1). Interestingly, the radiative rates
remain similar between the solid and solution, generally staying within a factor of two of each
other. By contrast, the non-radiative decay rates are 10 — 50 times lower in the solid state compared
to in solution. Note that [IPtPCN and BIPtPDPA, which have the lowest triplet-energy exhibit the
smallest difference in the non-radiative decay rates for solution and the solid state. In our previous
report,?’ it was hypothesized that for the trans-(NHC),Pt(C=C-Ar), complexes the dominant non-
radiative decay pathway was via a thermally activated crossing to a non-emissive metal centered
(d-d) excited state which lies energetically above the emissive >m,m* state that is responsible for
the phosphorescence. Taken together, the photophysical results here suggest that crossing to the
d-d state is suppressed in the solid state, giving rise to the higher phosphorescence quantum
yields.*®

The solid PMMA matrix is a rigid environment so the fact that access to the d-d state!? is

suppressed implies that there is a significant change in the geometry of the emitter in the excited



state. One explanation for this is that access to the d-d state is accompanied by out-of-plane
distortion of the square planar configuration of the complex. This theory is supported by TDDFT
calculations for a platinum(II) acetylide complex with a tridentate ligand.*® Zhang et al. observed
an enhancement of the emission quantum yield from the dichloromethane solution to the solid film
(10 wt% emitter in PMMA host) of similar blue light emitting N-heterocyclic carbene acetylide
complexes that resulted for the increased rigidity and weaker internuclear interactions in solid

state.*!
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Figure 1. OLED device structure and energy scheme (in eV)

Organic Light-Emitting Diode Characterization. OLEDs were constructed using each of
the trans-(NHC),Pt(C=C-Ar): as the dopant/emitter. The device structure used is shown in Figure
1, and it was the same as previously reported for the IPtP complex:* indium-tin oxide (ITO) /4,4'-
cyclohexylidenebis[ N,N-bis(4-methylphenyl) benzenamine] (TAPC) (30 nm)/ tris(4-carbazoyl-9-
ylphenyl)amine (TCTA) (10 nm)/bis[2-(diphenylphosphino)phenyl] ether oxide (DPEPO): 15%
dopant (20 nm)/ DPEPO (10 nm)/2,2,2"-(1,3,5-benzenetriyl)-tris(1-phenyl-1-H-benzimidazole)
(TPBi) (30 nm)/LiF (1 nm)/Al (100nm). The emitters were included at 15% in DPEPO based on
optimization studies in which IPtP was doped in DPEPO at levels ranging from 5 — 20%, with 15%
giving the highest efficiency.* The OLED device characterization and performance for all of the
devices/materials are listed in Table 2. A comparison of the electroluminescence (EL) and

photoluminescence (PL) spectra and optoelectronic device performance characteristics for
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selected devices/materials are provided in Figure 2, and the same for the remaining complexes are
shown in the supporting information.

Table 2. OLED Device Performance

Complex Amax/Nm CIEEL CIEp.  EQEmax EQE

(100 cd/m?)
IPtP 441 (0.20, 0.20) (0.14, 0.12) 7.8% 4.1%
IPtPF 439 (0.16, 0.14) (0.15,0.15) 10.1% 5.9%
[PtPyr 396 (0.25,0.19) (0.14, 0.10) 0.8% 0.78%
IPtPOMe 444 (0.16, 0.16) (0.15,0.17) 9.6% 5.0%
IPtPCF; 457 (0.17,0.19) (0.15, 0.20) 2.1% 1.4%
[PtPCN 489 (0.21, 0.49) (0.21, 0.47) 1.9% 0.97%
BiPtP 439 (0.16, 0.13) (0.14,0.12) 14.1% 10.2%
BiPtPyr 391 (0.29, 0.23) (0.14, 0.09) 0.7% 0.6%
BiPtPF 436 (0.17, 0.14) (0.15,0.12) 10.5% 6.0%

As can be seen from the data, most of the devices with the trans-(NHC)2Pt(C=C-Ar), complexes
as the dopant/emitters exhibit EL spectra with similar band maxima and bandshape compared to
the solid-state PL spectra. However, there are some important differences in OLED efficiency
for the different dopant/emitters, and notably some of the OLEDs performed poorly. First, on the
positive side, the device that employed BiPtP as the emitter showed the best performance with a
peak 14% EQE and CIE color coordinates of (0.16, 0.13), which is very close to the
photoluminescence CIE color coordinates of (0.14, 0.12) and that of the National Television
Systems Committee CIE color coordinate for ideal blue (0.14, 0.08). OLEDs based on the
[PtPOMe, IPtPF, and BiPtPF emitters also showed good peak EQEs and good deep blue color
purity. Unfortunately, all of the efficient devices exhibited significant efficiency roll-off at
luminance above 100 cd/m?. The efficiency roll-off likely arises from triplet-triplet annihilation

and triplet-carrier quenching due to the relatively long triplet lifetimes of the family of complexes.
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More disappointing was the observation that devices with several emitters that displayed high
PL quantum efficiency did not perform well in EL devices. Notable among this set are the emitters
IPtPCF3, IPtPCN, IPtPyr and BiPtPyr. These four complexes share a common feature of
containing the pyridine aryl unit or phenyl substituted with a strongly electron withdrawing group.
Insight into the poor OLED performance comes from the EL spectra of IPtPCN, IPtPyr and
BiPtPyr (SI Figures S1 and S3), which exhibit significant contribution of a high energy emission
feature at Amax ~ 400 nm that is due to emission from the hole transport layer or exciplex at the
interface. This observation suggests that there is inefficient hole transfer from the host to the
emitter, due to a relatively deep HOMO on the emitter (see below). In any case, the result was
surprising considering the high PL quantum yields observed for the pyridine-based Pt-acetylide
complexes. It is possible that further device optimization and/or use of different host and hole
transport materials could allow optimization of OLEDs with the set of emitters that gave poor EL

efficiency.

12
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Figure 2. a) Photoluminescence (black/solid line) comparison to electroluminescence (blue/dash-
dot line); b) Voltage vs current and luminance characteristics; ¢) Luminance vs EQE
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based on the CIE coordinates which are calculated from the EL spectral distributions.
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Electrochemistry. In order to better assess the device electronic properties and explain the
varying OLED emitter efficiencies, electrochemistry was carried out on the trans-(NHC)Pt(C=C-
Ar)2 complexes by using cyclic voltammetry (CV) in CH2Clz solution. The CV allowed us to
estimate the HOMO levels of the complexes, which are related to the efficiency of hole transfer
from the DPEPO host. All of the complexes exhibited one or more anodic waves that were
irreversible, with the exception of [IPtPOMe, which displayed one reversible and second quasi-
reversible wave (SI Figures S6 and S7). The onset values for the anodic waves are listed in Table
3, along with estimated HOMO energy levels. Also included in the table is the data for the host
DPEPO which was measured under the same conditions as the complexes.

Table 3. Electrochemical Data and Estimated HOMO Energy Levels.

Compound Eox®™/ V 2 Enomo/ eV ©
IPtPOMe 0.37° -5.17
IPtP 0.54 -5.34
IPtPF 0.57 -5.37
BiPtP 0.65 -5.45
BiPtPF 0.71 -5.51
IPtPCN 0.75 -5.55
IPtPCF3 0.76 -5.56
DPEPO 1.54 -6.34
BiPtPyr 1.57 -6.37
IPtPyr 1.58 -6.38

* Measured value is onset of irreversible anodic wave, potential vs.
Fc/Fc' in CH,Cly/ 0.1 M NBu4PFg. ° Quasi-reversible anodic wave.
c EHOMO — -(4.8 + ononset).47

Notable is the fact that for most of the complexes the HOMO levels are significantly higher
(less negative) compared to the HOMO of the DPEPO host. This signals that host to emitter hole
transfer is expected to be efficient. Note that the trend is for the HOMO levels to shift to more
negative values with increasing electron withdrawing strength of the substituents. Most evident is

the fact that the two pyridine-based emitters (IPtPyr and BiPtPyr) feature HOMO levels that are
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below (more negative) compared to the estimated level for DPEPO. This finding confirms the
expectation based on the OLED results, which suggested that hole transfer from the host to the
pyridine-based emitters may be inefficient.

General Discussion. In previous work we demonstrated that a family of carbene complexes
of the type trans-(NHC),Pt(CC-Ar), display moderately efficient phosphorescence in the deep
blue spectral region in solution at ambient temperatures.>’ The emission arises from a triplet
excited state that is mainly based on the aryl acetylide ligands, with a small contribution from a
metal-to-ligand charge transfer configuration (e.g., >n,n* with small *MLCT contribution). The
previous work also demonstrated that the phosphorescence becomes considerably more efficient
at low temperatures in a rigid solvent glass.>” Analysis of temperature dependent photophysical
data suggested that the enhanced phosphorescence at low temperatures arises due to suppression
of a thermally activated crossing to a metal centered (d-d) state which acts as a funnel facilitating

non-radiative decay of the emissive *

n,m* state. The current study shows that the same family of
complexes displays very efficient phosphorescence at ambient temperatures in a polymer glass
matrix at room temperature. This finding suggests that crossing to the d-d state from the emissive
state is suppressed in the solid state due to a rigidochromic effect,*® whereby the 3m,n* — d-d
transition requires a distortion of the complex’s geometry that is constrained in the PMMA matrix.
28,30, 41

Given the efficient phosphorescence for the trans-(NHC),Pt(CC-Ar)> complexes in the solid
state, it is reasonable to assume that the chromophores could serve as emitters for deep blue
OLEDs. The current study bears this out, notably in OLED device applications four of the

complexes display quite efficient, deep blue emissions with peak EQE > 9.5%. Table 4 below

compares the solid state photophysical properties and OLED parameters for some of the most
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efficient deep blue phosphors based on Ir(IIl) or Pt(I) complexes that have been reported in the
literature. While there is some disparity in the experimental conditions, there are interesting
comparisons to be drawn. First, in the previous work, the most efficient Ir(III)-based phosphors
are complexes with bidentate C-donor ligands where one of the units is an N-heterocyclic carbene.
By contrast, for the Pt(II) systems, the most efficient phosphors are based on tetra-dentate, N,C-
donor ligands that provide a rigid, square planar environment. The emission color (based on CIE
coordinates) and peak EQE for the BiPtP NHC phosphor is competitive with the other Ir(IIl) and
Pt(Il) emitters; however, as noted above the NHC phosphors reported herein suffer from
significant efficiency roll-off at higher luminance. The comparison in Table 4 makes the origin of
this effect clear: the emission lifetime of BiPtP is 5 — 20 fold longer than the other Ir(III) and Pt(II)
phosphors. The significantly longer lifetime in the NHC systems must arise due to relatively
weaker spin-orbit coupling in the emissive excited state, which is a manifestation of the fact that
the emitting state is largely >r,*, with relatively small contribution of Pt-based orbitals.?”* By
contrast, the other the Ir(IIl) and Pt(Il) phosphors emit from excited states that have a greater
MLCT contribution and consequently more metal-based d-orbital contribution to the emissive
excited states. This gives rise to greater spin-orbit coupling, which enhances the radiative and
non-radiative decay rates.

Also notable in the results is the fact that the pyridine-based emitters, [PtPyr and BiPtPyr
display the most efficient photoluminescence quantum yields, but both complexes give poor device
performance. IPtPCF3 and IPtPCN also display relatively low EQE, despite having relatively high
photoluminescence yields. The low efficiency for the pyridine complexes may be related to their
deep HOMO levels leading to inefficient hole-transfer from the DPEPO host. The IPtPCF; and

IPtPCN complexes have higher HOMO levels, suggesting that hole transfer from DPEPO should
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be facile. In these cases we do not have the explanation for the low device efficiency, but it could
be related to imbalance in the rate of hole and electron transfer to the dopants. Nevertheless, this
study did not attempt to fully optimize the structure of the OLEDs tested, including varying the
host or hole transporting material. It is quite likely that with further materials and device
engineering OLEDs based on these complexes can be optimized and may give rise to higher

efficiencies and deep blue emission.

Table 4. Deep Blue OLED Phosphors

dopr®  w®  EQEma’ EQEi0® CIE¢ REF
075 ~1puS 134 12.5 (0.15,0.05) *°

076 12 10.1 9.0° (0.16, 0.09) !

058 5 15.4 12.3 (0.15,0.17) 32

085 45 25.2 233 (0.15,0.13) %7
083 38 21.2 9.7 (0.15,0.21) 33

056 21 14.1 10.2 (0.16,0.13)  this work

2 Photophysical parameters in solid state (either 77 K glass or polymer matrix at 298 K). ® OLED external quantum
efficiency at maximum. ¢ OLED external quantum efficiency at 100 cd/m?. ¢ CIE 1931 color coordinates. ©
Measured at 1000 cd/m?.
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Conclusions

A series of blue OLEDs were fabricated using phosphorescent trans-N-(heterocyclic carbene)
platinum(II) acetylide chromophores as active materials. First, photophysical investigations were
performed that demonstrate higher PL quantum yield and increased triplet lifetime in solid state
(in PMMA matrices) compared to those in fluid solution (in THF). The strong c-donor carbenes
destabilize the excited d-d state which reduces thermal population (nonradiative decay).
Furthermore, access to the d-d state is suppressed in the solid PMMA matrices due to the increased
rigidity and weaker internuclear interactions. High quantum yield (0.2-0.6) emissions in the blue
spectral region and microsecond lifetime made these materials good candidates for blue OLEDs.

OLED devices were fabricated and characterized using the blue emitters with the variation of
carbenes (with imidazole and benzimidazole backbone) and acetylides (with substituted phenyl
and 4-pyridyl substituents) to optimize the EQE and color purity. Among the emitters,
benzimidazole containing chromophore BiPtP showed the best performance in the deep blue with
a peak 14% EQE and CIE color coordinates of (0.16, 0.13). The OLEDs based on the I[IPtPOMe
(EQE: 9.6%; CIE: 0.16, 016) IPtPF (EQE: 10.1%; CIE: 0.16, 014), and BiPtPF (EQE: 10.5%; CIE:
0.17, 014) emitters also showed good EQEs and deep blue color purity. Nevertheless, all of these
devices exhibited significant efficiency roll-off at luminance above 100 cd/m? due to triplet-triplet
annihilation and triplet-carrier quenching for relatively long triplet lifetimes.

Devices made from the emitters with pyridyl aryl acetylide (IPtPyr and BiPtPyr) and phenyl
acetylide with strong electron withdrawing substituents (IPtPCF3;, IPtPCN) displayed poor
performance despite their high PL quantum yield (0.44-0.65). High energy emission bands in the

EL spectra suggested emissions from the hole transport layer resulting insufficient hole transfer
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from the host to the emitter. The deeper HOMO levels of these emitters compared to the host
material (DPEPQO) are responsible for inadequate hole transfer.

In conclusion, the N-(heterocyclic carbene) platinum(II) phosphors offer new possibilities to
design and fabricate deep blue OLEDs. Judicious choice of carbenes and acetylide in the phosphors
can increase the quantum yield and decrease triplet exciton lifetime that would be suitable for

OLEDs with deep blue color purity, high EQEs and small efficiency roll-off.

Supporting Information

Photophysical (photoluminescence and electroluminescence spectra), electrochemical (CV) and
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