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ABSTRACT

We report the synthesis, characterization, and organic light-emitting diodes (OLEDs) application
of the first example of a platinum poly-yne (NPtAP) featuring N-heterocyclic carbene (NHC)
ligands. NPtAP was synthesized via Cu(I) catalyzed AA/BB type polymerization reaction with
M, = 8400 g-mol"! and D = 1.6. The bulky and strong c-donating NHC ligands bearing chiral 2-
ethylhexyl substituents help to limit the interchain interaction and destabilize the non-emissive
metal-centered d-d state, resulting in enhancement of the photoluminescence quantum yield of the
platinum poly-yne. The prototype solution-processed OLEDs employing NPtAP as the emitter

were successfully fabricated and display yellow-green electroluminescence (EL).

Introduction
Platinum poly-ynes are a fascinating class of organometallic m-conjugated polymers

featuring efficient intersystem crossing and long-lived excited triplet states.! The early reports by



Hagihara on the synthesis of Pt(I) poly-ynes attracted considerable attention,’> and subsequent
studies explored the photophysical properties and applications of platinum poly-ynes with trans-
configuration, e.g., trans-[-Pt(L)2(C=C-Ar-C=C)-]»).*® Owing to their efficient singlet — triplet
intersystem crossing, which is enabled by the heavy atom effect induced by the platinum atom,
platinum poly-ynes display room-temperature phosphorescence from *m,n* states.’63-14 Most of
the reported platinum poly-ynes to date contain alkyl-phosphine ligands (PR3); these phosphine
ligands not only facilitate the solubility of platinum poly-ynes but they also provide a suitable
coordination environment for the square planar Pt(Il) center.5!%!15-18 Despite the observation of
room temperature phosphorescence from trans-Pt poly-ynes, their photoluminescence quantum
yields, especially in the solid-state, are typically low (< 0.01).!” Thermal population of non-
emissive metal-centered excited triplet state *MC or 3d-d) from 3mm* state and interchain
“excimer like” interactions were considered as the primary reasons for the low phosphorescence
efficiency.!

Previous studies on phosphorescent metal complexes have demonstrated that strong o-
donating ligands destabilize the non-emissive *MC state by raising the energy of metal do* orbitals,
enabling efficient luminescence from the triplet state.?> N-heterocyclic carbenes (NHCs) are
stable heterocyclic moieties with a carbene carbon and at least one nitrogen atom in the ring.* As
strong o-donors, NHC ligands have been widely employed in phosphorescent cyclo-metalated
iridium complexes, in some cases giving rise to high quantum efficiency deep blue-emitting
complexes.?*2’ The strong ligand-field strength of NHC ligands can push the metal-centered *d-d
state to a relatively high energy, so that the non-emissive *d-d state becomes less thermally
accessible. The incorporation of NHCs into frans-Pt(Il) acetylide complexes also significantly

enhances their phosphorescence efficiency when compared to their trans-Pt(PR3)(C=C-Ar),



analogues.?®? Efficient phosphorescence from acetylide ligand centered *m,n* states with
relatively high energy (2.8 eV) is observed, with quantum efficiencies greater than 0.50.3!* Good
thermal and photochemical stability combined with efficient phosphorescence make trans-NHC
Pt(IT) acetylide complexes promising materials for optoelectronic applications.?!

The current study is the first to explore the properties and organic light emitting diodes
(OLEDs) application of a Pt(II) poly-yne in which the metal centers feature N-heterocyclic carbene
ligands. The study is focused on the Pt(Il) poly-yne polymer NPtAP (Chart 1) that contains two
benzimidazole carbene ligands and a backbone based on the trans-[(NHC):Pt-C=C-Ar-C=C-],
architecture, where Ar is a bis-alkyl substituted phenylene unit. Solubility of the polymer was
ensured by inclusion of two chiral 2-ethylhexyl chains on each NHC ligand and bis-dodecyl chains
on the phenylene units. The strong ligand field strength NHC ligands are believed to push the 3d-
d state of Pt(Il) centers to a relatively high energy, and this effect combined with the steric
hindrance offered by the bulky NHC ligands limits the interchain interaction and Pt-Pt interactions
in the solid-state. These effects give rise to relatively efficient phosphorescence in solution and in
a solid poly(methyl methacrylate) (PMMA) host matrix.. The photophysical properties of the
polymer were fully characterized in both THF solution and in PMMA host matrix by using UV-
visible absorption, steady-state emission spectroscopy, time-resolved emission spectroscopy and
transient absorption (TA) spectroscopy. Prototype solution-processed OLEDs with NPtAP as the
emitter display yellow-green electroluminescence (EL). This work provides a novel alternative to

small-molecule phosphor-based OLEDs that are fabricated by vacuum thermal deposition.
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Chart 1. Structure of NPtAP.
Results and Discussion

Synthesis and Structural Characterization. The structure of the trans-NHC Pt(II) acetylide
polymer NPtAP is shown in Chart 1. The polymer features a platinum-acetylide backbone with
N-heterocyclic carbene ligands coordinated to the Pt(II) center. Polymerization was effected via a
Cu(l) catalyzed AA/BB Hagihara polymerization reaction between BiPtCL-EH and 1,4-

didodecyl-2,5-diethynylbenzene, eq. 1.

Cul Y

CI—)P:—CI v = H>—= > j’i =S /_\ = In
— DIPA/Toluene A
/\/)/\N e N/\K\/\ CizHzs 90 °C N)/\N TIN<C12Has
& & T
86 %
BiPtCl,-EH NPtAP (1)

Details concerning the synthesis and characterization of the monomers are provided in the
supplemental information section. Note that racemic 2-ethylhexyl iodide was used to prepare the
2-ethylhexyl substituted NHC ligands; thus, the monomer complex BiPtCL-EH is a mixture of
four diastereomers based on the configurations of the four chiral carbons (RR/RR, RS/RR, RS/RS,
SS/RR). The monomer complex BiPtClL,-EH was prepared through a one-pot/two-steps method
involving the in-situ formation of an Ag(I)-NHC intermediate and subsequent transmetalation of

the Ag(I)-NHC intermediate with KoPtCls. The trans geometry of BiPtCl-EH is inferred from



previous studies of related (NHC),PtCl> complexes that were prepared by the same route and their
structure confirmed by single crystal X-ray diffraction analysis.3®* The sample of NPtAP derived
from the 9 day polymerization reaction was first purified by size-exclusion chromatography to
remove low molecular weight impurities.

The structure of polymer NPtAP was confirmed by 'H NMR spectroscopy (Figure 1). In
particular, at 7.2 -7.5 ppm, two characteristic peaks due to the aromatic protons of the NHC ligands
are observed, while the protons on the phenylene rings are upfield at ~ 6.5 ppm. The N-CH>-
protons appear as a peak at ~ 4.7 ppm which is broad and complex due to the adjacent chiral centers.
The methylene protons of phenyl-CH2-Ci1H2; and the N-CH2-CH(C2Hs)(CsHo) chiral methine
proton appear as broad peaks at 2.31 and 2.16 ppm, respectively. A series of broad and strong
peaks between 0.5 ppm and 1.7 ppm are due to all remaining protons on the six alkyl chains in the
repeat unit. The integrations of all the peaks correspond with the structure of NPtAP (Figure S13
in the Supporting Information). The variable temperature NMR spectrum of polymer NPtAP at

over the range 25 — 75 °C in Cg¢Dg is shown in the Supporting Information (Fig. S14).



\/\j\/Q v(/\/ cD,Cl,

v\)\,Q/(\/\c/nnﬂ €D,Cl,

90 85 80 75 70 65 60 55 50 45 40 35 30 25
f1 (ppm)

Figure 1. "H NMR spectra of monomers and NPtAP.

The molecular weight of NPtAP was determined by gel permeation chromatography (GPC)
using polystyrene standards in THF giving rise to M, = 8400 and D = 1.6 (Figure S15 in the
Supporting Information). Taking into consideration the molecular mass of the repeat units (1341
g-mol!), the GPC derived M, value leads to a number average degree of polymerization, DP, = 6.
It is well-established that GPC analysis of semi-rigid rod polymers such as poly(phenylene
ethynylene), poly(phenylene—butadiynylene) and Pt-poly-ynes gives rise to over-estimated
molecular weight (M,) values when referenced to polystyrene.>*-3°> However, an opposing trend
is expected due to the relatively large molar mass of the (NHC),Pt repeat units (1341 g-mol!).
Taken together, we posit that the number average DP of the is likely a relatively good estimate of

the average chain length in the NPtAP polymer.



Thermal analysis of NPtAP reveals that in inert atmosphere the polymer is stable up to
~280 °C, above which mass loss is observed (Fig. S16). The thermal stability of the polymer is
comparable to that of molecular complexes that feature trans-(NHC),Pt(-CC), units.?!

Photophysical Properties. The absorption and emission spectra of NPtAP in THF
solution are shown in Figure 2 and the corresponding photophysical properties are summarized in
Table 1. The absorption of NPtAP displays a single featureless band arising from the long-axis
polarized m,n* transition (Figure 2).!'"'?> The absorption maximum is 371 nm with a molar
extinction coefficient of 38,800 M-! cm™!, which is similar to the absorption of previously reported
platinum poly-ynes.!*-3¢ The photoluminescence of NPtAP in degassed THF and doped at 0.2 wt%
in a PMMA host polymer is also shown in Figure 2. In solution and in the PMMA matrix, the
photoluminescence spectrum of NPtAP is dominated by intense phosphorescence from the ligand-
centered 3m,m* state.*!%*7 No obvious fluorescence is observed signaling that intersystem crossing
is efficient (vide infra). In THF, the phosphorescence of NPtAP features a strong band at 518 nm
and two shoulder peaks at 559 nm and 583 nm, while in PMMA, only an emission maximum (518
nm) and a vibronic shoulder (559 nm) are observed. The third relatively weak peak at ~ 583 nm in
THF is possibly due to NPtAP aggregates.!” When doped into the PMMA matrix, the polymer
chains are well-dispersed and the aggregate emission is not seen. Finally, the emission from a neat
polymer film prepared by drop-casting was examined and the spectrum is similar to that observed
in solution (see Fig. S17).

In degassed THF solution, the photoluminescence quantum yield of NPtAP is 0.049, which
is 10-fold higher than previously reported platinum acetylide polymer with PBus ligands (®, =
0.0045)." The enhancement of the quantum yield can be attributed to the destabilization of the 3d-

d state combined with a restriction of interchain interactions induced by bulky c-donating NHC



ligands. In PMMA, the quantum yield increases to 0.064, owing to the further reduction of non-
radiative rotational/vibrational relaxation in the rigid environment. The phosphorescence yield of
NPtAP as a neat polymer film is significantly lower than in solution (Table 1), suggesting that
interchain interactions lead to triplet quenching. NPtAP shows a phosphorescence lifetime of 55
us in THF and the emission lifetime increases to 74 ps in PMMA. Based on the quantum yield

and lifetime values in THF, the radiative and non-radiative decay rates are 8.9 x 10? and 1.7 x 10*

s, respectively.
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Figure 2. Absorption and emission of NPtAP in THF solution (¢ = 4.22 umol/L) and doped in a
PMMA matrix (0.2 wt% polymer).

Table 1. Photophysical Properties of NPtAP.

Absorption Photoluminescence
NPtAP
Amax e(M cm') Aamax @, T ke/ste Kar / 5712
THF 371 nm | 38839 (371 nm) 518 nm 0.049 55 us 8.9x 102 1.7 x 10*
Neat Film - - 518 nm 0.0031 - - -
PMMA - - 518 nm 0.064 74 us 8.6 x 102 1.3 x 10*
a (DPL = kr/(kr + knr) and TPL = 1/(kr + knr), therefore k.= (DPL/TPL’ Knr= I/TPL — k.



Overall, the photophysical properties of NPtAP are similar to those of structurally-similar
molecular complexes that have been previously studied. For example, the phosphorescence of
trans-(NHC),Pt(-C=C-Ph-C=C-Ph),, where Ph = phenylene, features Amax = 531 nm, ®, = 0.54
and t = 575 ps.3® The molecular complex exhibits kr = 9.4 x 10? s7! and knr = 8.0 x 10? 57!,
Comparison here shows that polymer NPtAP has a comparable radiative decay rate, but a
substantially higher non-radiative decay rate compared to the molecular chromophore. This effect
may be due to quenching of the triplet exciton state by polymer end groups, aggregation or other
exciton trap states present in the polymer that lead to enhanced non-radiative decay.

Nanosecond and Femtosecond Transient Absorption. Figure 3a shows the nanosecond
transient absorption (ns-TA) spectra of NPtAP obtained in THF solution following 355 nm
excitation. The spectrum is characterized by a strong bleach of the ground-state absorption in the
near-UV and a broad transient absorption band in the visible region. The transient absorption band
can be assigned to T1 — T, transitions, which have n- ©* character.!” The triplet-triplet absorption
of NPtAP is very similar to that for the related polymers and oligomers of the type trans-[-Pt(PBu-
3)2-CC-Ar-CC-].*° This similarity is not surprising given that the triplet exciton is largely of 7, 7*
character localized on the CC-Ar-CC units. Thus, the NHC ligands have little effect on the
photophysics of the triplet exciton state. The triplet absorption decays with a lifetime of 68 pus and

is consistent with the lifetime with that determined by time-resolved photoluminescence.
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Figure 3. (a) ns-Transient absorption (TA) and (b) fs-TA spectra of NPtAP in THF. The ns-TA
spectrum (at 25 ns delay) was obtained in deoxygenated THF solution following 355 nm excitation.

The fs-TA spectrum was obtained in THF solution following 340 nm excitation.

The ultrafast transient absorption spectrum was obtained in THF solution under 340 nm
laser excitation (Figure 3b). At early time delays, the TA spectrum of NPtAP is dominated by a
transient absorption band with a maximum at 630 nm and a shoulder band around 500 nm. These
bands are correlated since they decay together with the same time constants (Figure S18). After 7
ns, the transient absorption remains as a band at 630 nm with a weaker band at 500 nm; this
spectrum resembles the triplet-triplet transient absorption seen in the ns-TA spectrum (Figure 3a).
It is likely that the initial spectrum (~ 1 ps) is due to 'n-n* exciton in NPtAP.* The following
spectral changes that occur from 1 ps to 7 ns time delay are due to the singlet-triplet intersystem
crossing (ISC) and subsequent vibrational relaxation in the triplet excited state. The ISC and the
vibrational relaxation of the triplet state of NPtAP in THF were determined to be 0.8 ps (kisc =
1.25 x 102 sy and 1050 ps, respectively. A similar ultrafast intersystem crossing rate was
observed by Vardeny and co-workers for a Pt(II) poly-yne with similar structure, except the NHC

ligands are replaced by tributyl phosphine (P(nBu)3) ligands.*
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Organic Light-Emitting Diodes. There is continuing interest in the development of
phosphorescent materials for application light emitting devices.*!**> A limited number of studies
have examined Pt(II) poly-ynes for electrophosphorescent applications.**#® This is in part due to
their relatively low phosphorescence efficiency. Given that the NHC based Pt(Il) poly-yne NPtAP
displays a moderately efficient green phosphorescence in solution and in PMMA matrix, we
attempted to incorporate the polymer into solution processed organic light emitting diode (OLED)
structures. Initial experiments focused on using neat films of NPtAP as the active layer; however,
with repeated efforts these devices failed. Thus, we turned to a device structure consisting of an
active layer containing NPtAP blended with a host matrix consisting of poly(vinyl carbazole)
(PVK, hole transport) and 2-(4-biphenyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole (PBD) as
electron transporter.* The complete device architecture used is shown in Figure 4a:
ITO/PEDOT:PSS (30 nm)/ PVK:PBD (27 wt%): NPtAP (5 or 10 wt%) (60 nm)/ LiF (1 nm)/Al
(100 nm). The chemical structures of all organic materials used in OLED fabrication are shown in
Figure S19. ITO and Al were employed as the anode and cathode, respectively. PEDOT:PSS was

used as the hole injection layer, and LiF was used to lower the barrier for electron injection.
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Figure 4. (a) Device architecture: ITO/ PEDOT:PSS /PVK: PBD: NPtAP (5 or 10 wt%)/ LiF/ Al;
(b) EL Spectra (9 V). Inset: photo of OLEDs; (c) CIE coordinates for the OLEDs; (d) J-V-L
characteristics (J= current density, L= luminance).

The structure, electroluminescence (EL) spectra, CIE chromaticity diagram, and J-V-L
characteristics of the NPtAP devices are shown in Figure 4 and Table 2. EL spectra at different
drive voltages are shown in the SI (Figs. S21 and S22). The device with 5 wt% of NPtAP in the
emissive layer shows an EL emission with a maximum at 518 nm and a shoulder at 559 nm,
exhibiting a similar feature to the solid-state phosphorescence spectrum of NPtAP in PMMA. In
contrast, the OLED with 10 wt% of NPtAP displays EL with a maximum at 518 nm and two

shoulders (559 nm and 583 nm), which is similar to the PL of NPtAP in THF, where aggregation

is believed to contribute to the phosphorescence. The additional shoulder peak at 583 nm is
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possibly due to aggregation of NPtAP in the PVK:PBD matrix when the amount of NPtAP in the
blend is higher. Unfortunately, in both device structures a broad high-energy emission is observed
at around 440 nm. A similar weak emission is observed in the photoluminescence spectrum of the
neat NPtAP film (Fig. S17). This short wavelength electroluminescence band is possibly due to
fluorescence from NPtAP, or it could be attributed to the emission from the PVK host or a
PBD:PVK exciplex.*-3! The high-energy band around 440 nm becomes more intense relative to
the NPtAP electroluminescence for the device with 10 wt% of NPtAP.

Table 2. Device Characteristics of OLEDs

NPtAP ", . | CIE1931° 5

(Wt %) J(mA/cm ) EQE% max (X,y) Amax/nm Lmax (Cd/m ) CEmax (Cd/A)
5% 42 0.019 0.34,0.45 519 31 0.006
10% 326 0.022 0.34,0.40 519 188 0.04

*Values of current density were obtained at the maximum EQE; "OLED external quantum efficiency at maximum;
°CIE 1931 color coordinates.

The OLEDs performance are summarized in Table 2. The Commission Internationale
d'Eclairage (CIE) coordinates of NPtAP based OLEDs are shown in Figures 4c. The OLEDs
containing 10 wt% NPtAP shows a white EL with CIE coordinates of (0.34, 0.40). For the device
with 5 wt% of NPtAP, the high-energy emission band is suppressed, and the EL spectrum is more
closely matched the PL of NPtAP. The device exhibits a yellow-green EL with CIE coordinates
0f'(0.34, 0.45). The maximum external quantum efficiencies (EQEs) of these OLEDs are relatively
low, 0.019% for the device with 5 wt% of NPtAP and 0.022% for the device with 10 wt% of
NPtAP (Figure S20). The low EQE of the NPtAP devices mirrors the relatively low PL quantum
efficiency of the polymer in the neat solid films, suggesting that the polymer may not be well
dispersed into the PVK:PBD host.

Although the performance of these prototype devices is unimpressive, this is, to the best of
our knowledge, the first example of employing platinum(II) acetylide polymer featuring NHC

ligands as the emitter in a phosphorescent OLED. Further device engineering and host material
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selection should be able to achieve spectrally pure EL from NPtAP and improve the performance
of the devices.
General Discussion

This paper reports the synthesis and characterization of a platinum poly-yne that contains
NHC ligands at the Pt(II) center. A number of recent reports have provided strong indication that
the optical properties of the platinum acetylides are enhanced by the NHC ligands. Specifically,
in several recent reports, deep blue, sky blue and green phosphors based on Pt(II) NHC acetylides
have been reported that exhibit high phosphorescence quantum efficiency.?8-*? The small molecule
complexes have also been reported to perform well in vapor deposited OLEDs and in some cases
devices operate with EQE > 10%.%3 These prior reports were drivers to this work, which had the
goal of constructing a platinum poly-yne that exhibits high phosphorescence yield and potentially
good performance in a solution processed OLED.

Before the successful polymerization reaction that is reported here was achieved, a number of
polymerizations were carried out that failed to produce a polymeric product. In particular, reaction
of BiPtCl>-EH with 1,4-diethynyl benzene did not afford a polymeric product, due to precipitation
of the intermediates (oligomers) during polymerization. Polymerization was also attempted using
an analog of BiPtCL-EH in which the N-ethylhexyl chains are replaced by -(CH2CH2-O-)3-CH3
groups, but the resulting material was insoluble. Moreover, the successful reaction (eq. 1) is slow,
requiring 9 days to reach M, = 8400 g-mol-!. By comparison, typical Hagihara polymerizations
are carried out in 24 hours.>?> The slow reaction of BiPtCL,-EH with the substituted 1,4-
diethynylbenzene co-monomer is likely due to unfavorable steric interactions between the

ethylhexyl substituted NHC and phenylene units which hinder approach between the monomers
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necessary for the coupling reaction to occur. Unfortunately, these bulky alkyl groups are necessary
to ensure solubility of the polymer.

The photophysical properties of NPtAP are similar to those of structurally-related platinum
poly-ynes that have been previously reported based on phosphine supporting ligands (e.g., trans-
[-Pt(PBu3)2(C=C-Ph-C=C)-], where Ph = 1,4-phenylene).**!° The emission arises from a 3 m*
state that is mainly localized on the 1,4-diethynylbenzene unit.*>>? As noted above, there is some
evidence that the emission of NPtAP in THF solution could be broadened due to the presence of
inter- or intrachain aggregates. A previous study of phosphine substituted analog polymer -[-
Pt(PBu3)2(C=C-Ph-C=C)-], revealed evidence for a longer wavelength emission that arises from
an aggregated state of the polymer.!® It is surprising that given the steric hindrance in the NPtAP
that aggregation can occur, but nevertheless it remains a possibility. Interestingly, the emission
lifetime of NPtAP is considerably longer compared to the phosphine analog (55 us vs. ~1 ps)."”
The significant difference is likely due to a lower non-radiative decay rate in NPtAP.

The prototype OLED work demonstrates the potential for the organometallic polymers
featuring NHC ligands in optoelectronic application. Nevertheless, the overall performance of the
NPtAP devices is low, with EQE < 0.1% and maximum luminance ~200 Cd-m™. The performance
of the material parallels that of a Pt(II) acetylide featuring bithiazole repeating units and a white-
emitting Pt poly-yne,*’-> but it is considerably less than an Pt(I) acetylide analog that featured
carbazole repeats.*® One reason for the low EL performance is due to inefficient electron and/or
hole transfer from the host to the polymer. While these are shortcomings in the current prototype
study, it is likely that further device engineering, including the use of optimized hole and electron

injection layers can lead to substantial improvement in performance.
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Conclusion

A novel trans-NHC platinum(II) acetylide polymer NPtAP was successfully synthesized
and fully characterized. The incorporation of NHC ligands leads to a substantial enhancement in
phosphorescence quantum yield compared to the platinum(Il) acetylide polymer featuring
phosphine ligands. This can be attributed to the strong 6-donating nature of the bulky NHC ligands,
which destabilize the metal-centered d-d state and limit the interchain interaction. Prototype
OLEDs employing NPtAP as the emitter were successfully fabricated and display yellow-green
EL. Further device engineering may help to improve the performance of the OLEDs.

Experimental Section

Materials. All chemicals were purchased from either Sigma-Aldrich or Fisher Scientific
unless otherwise noted and used without further treatment. Potassium tetrachloroplatinate(Il) and
trans-dichlorobis(triphenylphosphine)palladium(II) were purchased from Strem Chemicals, Inc..
Solvents were of reagent grade unless otherwise noted. Dry solvents (HPLC grade) were obtained
from an MBraun MB-SPS-800 solvent purification system. Bio-Beads™ S-X1 (200-400 mesh)
was purchased from Bio-Rad. Details concerning the synthesis and characterization of monomers
and NPtAP are provided in the supporting information section.

Purification. Reactions were monitored by silica gel TLC plates, visualized with ultraviolet
light. Column chromatography (silica) was performed using CombiFlash Rf+ (Teledyne-Isco)
automated flash chromatography system.

Characterization. 'H (500 MHz) and '*C (125 MHz) NMR spectra were recorded on a
Bruker 500 MHz Avance III HD spectrometer. The chemical shifts were reported in ppm relative
to protonated solvent peaks in 'H and '*C NMR spectra. High-resolution mass spectrometry (HR-
MS) was performed by Mass Spectrometry Services at the University of Texas at San Antonio.

HR-MS data was collected on a MaXis Plus quadrupole-time-of-flight mass spectrometer

16



equipped with an electrospray ionization source (Bruker Daltonics) and operated in the positive
ionization mode. Gel permeation chromatography (GPC) analysis was carried out on a EcoSEC
GPC system comprised of two independently operating pumps, TSKgel MultiporeHxI-M column
and RI and UV detectors, with THF as eluent at | mL/min flow rate. The system was calibrated
against linear polystyrene standards in THF.

Photophysical Studies. The UV-visible absorption spectrum was obtained on a Shimadzu
UV-1800 dual-beam spectrophotometer. Steady-state photoluminescence measurements were
performed on an Edinburgh FLS1000 spectrophotometer. Phosphorescence quantum yield of the
NPtAP polymer glass was obtained with respect to pure PMMA glass in an Edinburgh N-MO01
integrating sphere accessory to the FLS1000. Phosphorescence quantum yield of the solution was
measured in nitrogen bubble-degassed THF with respect to Ru(bpy)s;Cl (® =0.038) in aerated
deionized water. Phosphorescence lifetime and nanosecond transient absorption measurements
were obtained on Edinburgh LP980 transient absorption spectrometer using a Continuum Surelite
IT series Nd:YAG laser (3rd harmonic A = 355 nm, 5 mJ per pulse) as the excitation source.
Ultrafast transient absorption data were collected using pump-probe techniques with a 120 fs, 1
kHz Ti:sapphire Coherent Astrella laser as the excitation source. The pump beam was generated
using a portion of the 800 nm amplifier beam by being directed into a Coherent OPerA Solo
ultrafast optical parametric amplifier, which was tuned to generate a beam of light of 340 nm. The
pump beam was then directed into an Ultrafast Systems Helios Fire automated femtosecond
transient absorption spectrometer where the beam passed through a mechanical chopper,
depolarizer, and neutral density filter to tune the beam to 0.1 mW (100 nJ/pulse) of power before
hitting the stirred sample (~0.4 O.D.). Another portion of the 800 nm beam was directed into the

Helios Fire directed into an automated 8 ns delay stage, afterward, the beam was focused into a
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sapphire plate to generate a visible probe ranging from 430 to 770 nm. The visible signal was
detected using a fiber-coupled spectrometer with a 1024 pixel CMOS sensor. The time delay
between the pump and probe is controlled using the computer software-controlled delay stage.

OLED Fabrication and Testing. 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 dodecyl sulfate solution, Millipore water, acetone, and
isopropanol in an ultrasonic bath, for 15 min each, and then exposed to the oxygen plasma for 20
min. OLEDs were fabricated in a glove box (H20, O> < 1 ppm) with the configuration of ITO/
PEDOT: PSS (30 nm)/ PVK: PDB (27 wt%): NPtAP (5 or 10 wt%) (60 nm)/ LiF (1 nm)/ Al (100
nm). A 30 nm layer of PEDOT:PSS was deposited by spin-coating (5000 rpm, 40 s) onto the ITO-
glass substrate and annealed at 130 °C for 30 min on a hotplate. Then, the emissive layer (60 nm)
was spin-coated (2000 rpm, 60 s) from a mixed chlorobenzene solution of PVK, PBD and NPtAP.
Finally, 1 nm of LiF and 100 nm of aluminum were deposited via vacuum thermal evaporation
under the pressure of ~107® mbar in an MBraun-Evaporator glovebox. The OLEDs were sealed
using encapsulation epoxy, allowing the manipulation and characterization under ambient
conditions.

The electroluminescence spectra of the OLEDs were obtained using an Ocean Optics
spectrometer (USB 2000) and a Keithley 2450 power source. Current density-Voltage-Luminance
(J-V-L) characteristics and radiant power of the devices were measured using a Keithley 2450
power source and a photodiode connected to an Optometer (UDT, model S471). All data were
collected using a homemade LabView® interface. The external quantum efficiencies (EQEs) were

then calculated from luminance and device spectra.
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