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Abstract: A new phosphorescent material of cyclometalated alkynylgold(III) complex, [Au(2,5-F2C6H3-
C∧N∧C)(CtC-C6H4N(C6H5)2-p)] (1) (2,5-F2C6H3-HC∧N∧CH ) 2,6-diphenyl-4-(2,5-difluorophenyl)pyri-
dine), has been synthesized, characterized, and its device performance investigated. This luminescent
gold(III) complex was found to exhibit rich PL and EL properties and has been utilized as phosphorescent
dopants of OLEDs. At an optimized dopant concentration of 4%, a device with a maximum external quantum
efficiency (EQE) of 11.5%, corresponding to a current efficiency of 37.4 cd/A and a power efficiency of
26.2 lm/W, has been obtained. Such a high EQE is comparable to that of Ir(ppy)3-based devices. The
present work suggests that the alkynylgold(III) complex is a promising phosphorescent material in terms of
both efficiency and thermal stability, with the additional advantages of its relatively inexpensive cost and
low toxicity.

Introduction

Phosphorescent organic light-emitting diodes (OLEDs) or
PHOLEDs have attracted considerable interest in recent years
owing to their huge potential in full-color displays and solid-
state lighting applications. One simple and effective approach
toward the design of efficient phosphorescent materials would
be to introduce heavy metal centers, such as iridium(III),
platinum(II), ruthenium(II), and osmium(II), into organic mol-
ecules to facilitate the intersystem crossing from the singlet to
the triplet states in order to harvest both the singlet and the
triplet excitons, leading to 100% internal quantum efficiency.
Extensive studies have been carried out on the design and
synthesis of novel phosphorescent materials; particularly, much
research work has been directed to the iridium(III) and plati-
num(II) systems1-6 due to their ease of energy tuning via
synthetic modification. As one of the primary colors, green OLEDs
and PHOLEDs have attracted much attention, and fac-tris(2-phenylpy-
ridine)iridium [Ir(ppy)3] is one of the most widely employed green
phosphorescent emitters for both monochromatic7,8 and white
OLEDs9-11 by using the red-green-blue (RGB) approach. Owing
to the extremely high photoluminescence (PL) quantum yield

of nearly 100%,12 the Ir(ppy)3-doped device was reported to
exhibit a peak external quantum efficiency (EQE) of 8.0% (28
cd/A) and power efficiency of 19 lm/W.13 By employing a
modified device structure with starburst perfluorinated phenylene
compounds as hole- and exciton-blocking layer, the EQE of
the Ir(ppy)3-doped device can be further increased to 19.2%.14

On the other hand, the development of phosphorescent emitters
with metal centers other than the most commonly employed
iridium(III) and platinum(II) for OLED applications has been
relatively less explored. Thus the search for new classes of
phosphorescent emitters with metal centers that are less
expensive and of low toxicity and an environmentally benigned
nature would be attractive. One candidate is the gold metal
center, which is well-known for its inertness and low toxicity,
as exemplified by its wide use in consumer goods, jewelry, and
industry. The lack of gold compounds as triplet emitters for
OLED applications stems from the lack of phosphorescent gold
complexes that are thermally stable. While there have been a
number of gold(I) compounds that are strongly phosphorescent,
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gold(III) compounds, on the other hand, are rarely luminescent
at room temperature, which may be ascribed to the presence of
non-emissive low-energy d-d ligand field states and the elec-
trophilicity of the metal center.15

Recently, we reported the discovery of an entirely new class
of luminescent neutral cyclometalated alkynylgold(III) com-
plexes, [Au(C∧N∧C)(CtC-R)], that exhibits strong PL in
various media at both ambient and low temperatures.15-17 The
incorporation of strongly σ-donating alkynyl ligand into the
gold(III) metal center has rendered the metal center more
electron-rich and thus contribute to the enhancement of pho-
tophysical properties of the gold(III) complexes. More impor-
tantly, their photophysical properties and emission colors can
be readily fine-tuned by modulating the ancillary ligands,
significantly opening up the possibilities for the tailored design
of novel gold(III) complexes. Taking the advantages that these
cyclometalated alkynylgold(III) complexes are neutral and
thermally stable, highly efficient OLEDs with EQE of 5.5%
have been achieved by vacuum deposition of such luminescent
compounds.17 In light of our interest in luminescent metal
alkynyls and functional materials for OLED applications, we
have further extended our work to the design and synthesis
of cyclometalated gold(III) complexes containing the dian-
ionic ligands derived from more conjugated aryl-substituted
diphenylpyridines (HC∧N∧CH). Herein, we report the
synthesis, photophysical and electrochemical studies of an
aryl-substituted cyclometalated alkynylgold(III) compound,
[Au(2,5-F2C6H3-C∧N∧C)(CtC-C6H4N(C6H5)2-p)] (1) (2,5-
F2C6H3-HC∧N∧CH ) 2,6-diphenyl-4-(2,5-difluorophe-
nyl)pyridine), and its application as a phosphorescent dopant
in OLEDs. In particular, complex 1 has been found to exhibit
rich electroluminescence (EL), yielding a highly efficient OLED
with a peak EQE of 11.5%, corresponding to a current efficiency
of 37.4 cd/A, and a power efficiency of 26.2 lm/W, comparable
to those of the Ir(ppy)3:CBP devices. In addition with the
relatively lower cost and low toxicity of gold, such high EQE
of the devices clearly demonstrated the attractiveness of this
newly developed class of alkynylgold(III) complexes as superior
candidates for the fabrication of phosphorescent OLEDs.

Results and Discussion

Synthesis and Characterizations. The tridentate ligand, 2,5-
F2C6H3-HC∧N∧CH,18 and the precursor compound, [Au(2,5-
F2C6H3-C∧N∧C)Cl],16 were prepared according to modified
literature procedures, while complex 1 was synthesized Via a
copper-catalyzed route according to modification of a reported

procedure (see Scheme 1).15-17 The identity of 1 has been
confirmed by 1H NMR spectroscopy, FAB-mass spectrometry,
IR spectroscopy, and satisfactory elemental analyses. The
molecular structure has also been characterized by X-ray
crystallography.

X-Ray Crystal Structure. Two independent molecules of 1
and one dichloromethane molecule were found in the asym-
metric unit. In view of the identical molecular structure of the
independent molecules with similar bond lengths and bond
angles, only one of the molecule would be discussed in detail.
The perspective view of one of the independent molecule of 1
(Figure 1a) shows a distorted square planar structure, in which
the Au(III) metal center is coordinated to a tridentate 2,5-
F2C6H3-C∧N∧C ligand and a (4-diphenylamino-phenyl)ethynyl
ligand, with C(1)-Au(1)-C(13) and N(1)-Au(1)-C(24) bond
angles of 162.8(2) and 179.0(2)°, respectively. The bond lengths
about the gold(III) center [Au(1)-C(1) 2.076(6), Au(1)-C(13)
2.067(6), Au(1)-N(1) 1.988(4), Au(1)-C(24) 1.966(5) Å] and
the C(25)-C(24)-Au(1) bond angle of 174.4(6)° are normal
and comparable to the related gold(III) complexes.15,16 Crystal
packing of 1 (Figure 1b) reveals the presence of partially stacked
[Au(C∧N∧C)] units in a head-to-tail fashion and the shortest
interplanar distance of 3.39 Å suggests the presence of aromatic
π-π stacking interactions.

Photophysical Properties. Table 1 summarizes the photo-
physical properties of 1. The UV-vis absorption spectrum of
1 in dichloromethane at room temperature shows a vibronic-
structured low-energy absorption band at 390-410 nm (Figure
2), assignable to a metal-perturbed intraligand (IL) π-π*
transition of the 2,5-F2C6H3-C∧N∧C ligand, with some charge
transfer character from the aryl ring to the pyridyl unit.15-17,19,20 In
addition to this vibronic-structured absorption band, an absorption tail
that extends to 475-500 nm is also observed, which suggests the
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Scheme 1. Synthetic Route of 1
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possibility of an admixture of an intraligand (IL) π-π* [2,5-
F2C6H3-C∧N∧C and CtC-C6H4N(C6H5)2-p] and a ligand-to-ligand

charge transfer (LLCT) π[CtC-C6H4N(C6H5)2-p] f π*(2,5-
F2C6H3-C∧N∧C) transition in the low-energy absorption bands
due to the presence of the electron-rich -N(C6H5)2 substituent
on the alkynyl moiety. In dichloromethane solution (in the range
2.0 × 10-5-1.0 × 10-3 mol dm-3) at room temperature, 1
shows a broad structureless emission band at ∼669 nm upon
excitation at 470 nm (Figure 2). With reference to spectroscopic
studies on the related compounds,15-17 this low-energy struc-
tureless band is assigned as derived from an excited state
of 3LLCT [π(CtC-C6H4N(C6H5)2-p) f π*(2,5-F2C6H3-
C∧N∧C)] origin due to the presence of the energetically higher-
lying π(CtC-C6H4N(C6H5)2-p) orbital resulting from the
strongly electron-donating -N(C6H5)2 substituent on the alkynyl
ligand. In the solid-state thin film, 1 displays a similar low-
energy structureless emission band with emission energies
showing a concentration dependence when doped in PMMA.
The emission energies were found to shift from 538 to 575 nm
in the concentration range of 2 to 50 wt % in PMMA and further
to 588 nm in the solid state (Figure 3). The observation of such
concentration-dependent emission energies is probably due to
excimeric emission resulting from the π-stacking of the 2,5-
F2C6H3-C∧N∧C moieties with higher order and better packing
of molecules at higher concentrations, as supported by the
observation of such π-π stacking in the crystal packing of 1
(Figure 1b).
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Figure 1. (a) Molecular structure of one of the independent molecules of 1 with atomic numbering scheme. Hydrogen atoms are omitted for clarity.
Thermal ellipsoids are drawn at the 40% probability level. (b) Crystal packing of 1 viewed along a axis.

Table 1. Photophysical Data for 1

absorptiona emission

complex λmax/nm (εmax/dm3 mol-1cm-1) medium (T/K) λmax/nm (τ0/µs) Φem
b

1 316 (45915), 392 (7835), 410 (825) CH2Cl2 (298) 669 (<0.05) 8.5 × 10-3

solid (298) 590 (<0.05, 0.2)e

solid (77) 580 (1.5, 8.1)e

glass (77)c,d 478, 512, 532 (366)
thin film (298)
2% in PMMA 537 0.34
4% in PMMA 538
8% in PMMA 543
20% in PMMA 558
50% in PMMA 577

a In dichloromethane at 298 K. b The luminescence quantum yield, measured at room temperature using quinine sulfate as a standard.
c Vibronic-structured emission band. d In EtOH-MeOH-CH2Cl2 (40:10:1 v/v). e Double exponential decay.

Figure 2. UV-vis absorption and emission spectra of compound 1 in
dichloromethane at 298 K.
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Nanosecond UV-Vis Transient Absorption (TA) Spec-
troscopy. In order to obtain more information on the nature of
the excited state, nanosecond transient absorption (TA) mea-
surements were performed on complex 1 in degassed dichlo-
romethane solution at room temperature. The TA-difference
spectra of 1 determined at different delay times after a 355 nm
laser pulse excitation are shown in Figure 4. The transient
absorption difference spectrum is characterized by a ground-
state bleaching at ∼300-350 nm and two intense positive
absorption bands centered at ∼390-420 and 520 nm. The
bleaching is ascribed to the depletion of ground-state lowest-
energy absorption band, which is assigned as an intraligand
π-π* transition of the C∧N∧C ligand. On the basis of a
literature report on Ir(III) complexes containing ppy ligand,21a,b

the higher-energy band at 390-420 nm is assigned as an
absorption typical of triplet absorption of cyclometalated
C∧N∧C derivatives. On the other hand, the absorption band at
∼520 nm is tentatively assigned as the (4-diphenylamino-
phenyl)ethynyl radical cation absorption. A similar TA band
has also been observed for the radical cation of free 4-
aminophenylacetylene21c and the related aniline and chloroa-
niline molecules.21d The observation of such characteristic
radical cation absorption suggested the formation of the charge-
separated state, which is in line with the assignment of the origin
of excited state as derived from 3LLCT [π(CtC-C6H4N(C6H5)2-
p) f π*(2,5-F2C6H3-C∧N∧C)] transition. It is likely that the
absorption due to the C∧N∧C radical anion is masked as it is

expected to appear at ∼380-420 nm, close to the region where
ground-state bleaching occurs.

Electrochemistry. The cyclic voltammograms of 1 in dichlo-
romethane (0.1 mol dm-3 nBu4NPF6) showed one quasi-
reversible reduction couple at -1.35 V and one irreversible
oxidation wave at +0.89 V (vs SCE). The cyclic voltammogram
of 1 is shown in Figure 5. On the basis of the related
electrochemical studies on similar cyclometalated alkynylgol-
d(III) complexes,16 the reduction process is assigned as the 2,5-
F2C6H3-C∧N∧C ligand-centered reduction. The observation
of a less negative potential for the reduction couple, relative to
the other related analogues containing the unsubstituted C∧N∧C
ligand, is attributed to the presence of the lower-lying π* orbital
associated with the difluorophenyl substituent on the 2,5-
F2C6H3-C∧N∧C ligand. The oxidation wave at +0.89 V is
assigned as an alkynyl ligand-centered oxidation. Similar oxi-
dation wave was also observed for other related cyclometalated
alkynylgold(III) complexes containing the same -CtC-
C6H4N(C6H5)2-p ligand.

Electroluminescence Properties. A knowledge of the elec-
trochemical data, together with the photophysical results, have
provided the information on the energies of the highest occupied
molecular orbital (HOMO) and the lowest unoccupied molecular
orbital (LUMO) as well as the triplet state energies of 1, which
are essential for the judicious choices of hole- and electron-
transporting materials for the fabrication of OLEDs. In view of
the fact that a relatively high luminescence quantum yield of
34% was found in a 2 wt % of 1 doped in PMMA, together
with its high thermal stability as revealed by its high decom-
position temperature of >460 °C in the thermogravimetric
analysis, compound 1 is anticipated to exhibit a promising
potential as a candidate of phosphorescent emitting material for
the fabrication of high performance OLEDs.

Figure 6 shows the normalized EL spectra of the devices with
different concentrations of 1 doped into the CBP layer viewed
at the normal direction at a current density of 20 mA/cm2. The
EL spectra are peaked at ∼528 nm with full width at half
maxima (fwhm) of 90 nm (3106 cm-1) and CIE coordinates of
(0.34, 0.57), resembling that of the PL spectrum in the solid
thin film. As the concentration of 1 increases, the EL band
maxima are found to be slightly red-shifted from 528 to 532
nm, which is consistent with the concentration dependence
observed in the PL spectra. This confirms that a high dopant
concentration of 1 would give rise to a higher molecular order
and a better packing of the molecules, leading to a stronger
π-stacking of the C∧N∧C ligand, and hence a lower energy
dimeric/oligomeric or excimeric intraligand EL is observed.17

Figure 3. Normalized photoluminescence spectra of 1 at different
concentrations (wt %) in PMMA thin films at 298 K.

Figure 4. Transient absorption spectra of 1 in CH2Cl2 at room temperature
at decay times of 0-300 µs.

Figure 5. Cyclic voltammogram of 1 in CH2Cl2 (0.1 mol dm-3 nBu4NPF6).
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The observation of π-π stacking in the crystal packing of 1
(Vide supra) may account for the occurrence of the dimeric/
oligomeric or excimeric emission. It is worth noting that the
unwanted NPB emission is suppressed in the present devices,
unlike in the case of previous studies with other cyclometalated
alkynylgold(III) complexes.17 Of particular interest is that only
green emission from 1 can be observed, and the EL spectra do
not consist of any other residual emission from either the host
or the adjacent hole- or electron-transporting layer even at high
current density, indicating complete energy transfer from the
CBP host exciton to the triplet state of 1 upon electrical
excitation. This improvement can be rationalized in terms of
the effectiveness of the carrier confinement layer inserted
between the the hole-transporting layer (HTL) and the emissive
layer (EML). The inset of Figure 6 depicts the proposed energy
band diagram of the OLED, in which the HOMO and the
LUMO of the organic materials employed were extracted from
the literature,22 and those of 1 were estimated from the CV data
(Vide supra). Apparently, efficient energy transfer from the CBP
to the triplet state of 1 is expected, as the triplet energies of
complex 1 and CBP are 2.13 and 2.56 eV,23 respectively. More
importantly, the insertion of the thin CBP layer (∼5 nm thick)
can effectively confine the triplet excitons within the EML and
can also suppress the unwanted energy transfer from the triplet
excitons of 1 to the non-radiative NPB triplet states, owing to
its triplet energy (2.56 eV) being higher than that of NPB (2.29
eV).23

Figure 7 depicts the current and power efficiencies and the
EQE of the devices with different concentrations of 1 doped
into the CBP layer as a function of current density. At an
optimized dopant concentration of 4%, the device exhibits a
maximum current efficiency of 37.4 cd/A and a maximum power
efficiency of 26.2 lm/W. However, a gradual decrease of current
efficiency and power efficiency is observed at high current
density. For example, at a luminance of 100 cd/m2, the current
and power efficiencies drop to 22.0 cd/A and 9.0 lm/W,
respectively. This efficiency roll-off may be attributed to the
triplet-triplet annihilation that is commonly observed in the
phosphorescent OLEDs. Apparently, the EQE of the devices
increases with increasing concentration of 1, and achieves a peak
EQE of 11.5% for the optimized concentration of 4%. Such a
high EQE is comparable to that of the optimized Ir(ppy)3:CBP
devices reported.13,14,24 This suggests that alkynylgold(III)

complex 1 is a superior candidate as phosphorescent dopant
for OLEDs, in addition to its relatively lower cost and low
toxicity.

Conclusion

We reported the synthesis, characterization, and device per-
formance investigation of a new phosphorescent material,
[Au(2,5-F2C6H3-C∧N∧C)(CtC-C6H4N(C6H5)2-p)] (1) (2,5-
F2C6H3-HC∧N∧CH ) 2,6-diphenyl-4-(2,5-difluorophenyl)py-
ridine). This luminescent cyclometalated alkynylgold(III) com-
plex exhibits rich PL and EL properties and has been utilized
as phosphorescent dopants of OLEDs. At an optimized dopant
concentration of 4%, a device with a maximum EQE of 11.5%,
corresponding to a current efficiency of 37.4 cd/A and a power
efficiency of 26.2 lm/W has been obtained. Such a high EQE
is comparable to that of Ir(ppy)3-based devices. The present
work suggests that the alkynylgold(III) complex is a promising
phosphorescent material in terms of both efficiency and thermal
stability, with the additional advantage of its relatively inex-
pensive cost and low toxicity.

Experimental Section

Materials and Reagents. Potassium tetrachloroaurate(III) was
purchased from Strem. 2,5-F2C6H3-HC∧N∧CH,18 (4-diphen-
ylamino-phenyl)ethyne,25 and the precursor compound [Au(2,5-
F2C6H3-C∧N∧C)Cl]15-17 were prepared by modification of the
literature procedures. All solvents were purified and distilled using
standard procedures before use. All other reagents were of analytical
grade and were used as received. Tetra-n-butylammonium hexaflu-
orophosphate (Aldrich) was recrystallized twice from absolute
ethanol before use.

Physical Measurements and Instrumentation. UV-Visible
spectra were obtained on a Hewlett-Packard 8452A diode array

Figure 6. Normalized EL spectra of the devices with different concentra-
tions of 1 doped into the CBP layer at a current density of 20 mA/cm2.
Inset: Proposed energy band diagram for the OLED. Note that numbers
indicate the respective highest occupied and lowest unoccupied molecular
orbital (HOMO and LUMO, respectively) energies relative to the vacuum
as well as the triplet energy levels (in parentheses) in eV.

Figure 7. (a) Current and (b) power efficiencies and (c) external quantum
efficiencies (EQE) of the devices with different concentrations of 1 doped
into the CBP layer as a function of current density.
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spectrophotometer, IR spectra as KBr disk on a Bio-Rad FTS-7
Fourier transform infrared spectrophotometer (4000-400 cm-1).
1H NMR spectra were recorded on a Bruker DPX-300 (300 MHz)
Fourier transform NMR spectrometer with chemical shifts recorded
relative to tetramethylsilane (Me4Si). Positive-ion FAB mass spectra
were recorded on a Finnigan MAT95 mass spectrometer. Elemental
analyses for the metal complexes were performed on the Carlo Erba
1106 elemental analyzer at the Institute of Chemistry, Chinese
Academy of Sciences, Beijing, China. Steady-state excitation and
emission spectra were recorded on a Spex Fluorolog-2 model F
111 fluorescence spectrofluorometer equipped with a Hamamatsu
R-928 photomultiplier tube. Solid-state photophysical measurements
were carried out with the solid sample loaded in a quartz tube inside
a quartz-walled Dewar flask. Liquid nitrogen was placed into the
Dewar flask for low temperature (77 K) photophysical measure-
ments. Excited-state lifetimes of solution samples were measured
using a conventional laser system. The excitation source used was
the 355-nm output (third harmonic, 8 ns) of a Spectra-Physics
Quanta-Ray Q-switched GCR-150 pulsed Nd:YAG laser (10 Hz).
Luminescence quantum yields for solution samples were measured
by the optical dilute method reported by Demas and Crosby26a with
a degassed aqueous solution of quinine sulfate (Φ ) 0.546,
excitation wavelength at 365 nm) as the reference,26b while those
of the thin films were measured on a Hamamatsu C9920-03
Absolute PL Quantum Yield Measurement System. Transient
absorption measurements were performed on a LP920-KS Laser
Flash Photolysis Spectrometer (Edinburgh Instruments Ltd., Liv-
ingston, UK) at ambient temperature. The excitation source was
the 355 nm output (third harmonic) of a Nd:YAG laser (Spectra-
Physics Quanta-Ray Lab-130 Pulsed Nd:YAG Laser), and the probe
light source was a Xe900 450 W xenon arc lamp. The transient
absorption spectra were detected by an image-intensified CCD
camera (Andor) with PC plug-in controller, fully operated by L900
spectrometer software. The absorption kinetics were detected by a
Hamamatsu R928 photomultiplier tube and recorded on a Tektronix
model TDS3012B (100 MHz, 1.25 GS/s) digital oscilloscope and
analyzed using the same software for exponential fit (tail-fit data
analysis). All solution samples for photophysical studies were
freshly prepared under a high vacuum in a 10-cm3 round-bottomed
flask equipped with a side-arm, 1-cm fluorescence cuvette and
sealed from the atmosphere by a Rotaflo HP6/6 quick-release Teflon
stopper. Solutions were rigorously degassed on a high-vacuum line
in a two-compartment cell with no less than four successive
freeze-pump-thaw cycles. Cyclic voltammetric measurements
were performed by using a CH Instruments, Inc. model CHI 600A
electrochemical analyzer. The electrolytic cell used was a conven-
tional two-compartment cell. Electrochemical measurements were
performed in dichloromethane solutions with 0.1 M nBu4NPF6 as
supporting electrolyte at room temperature. The reference electrode
was a Ag/AgNO3 (0.1 M in acetonitrile) electrode, and the working
electrode was a glassy carbon electrode (CH Instruments, Inc.) with
a platinum wire as the counter electrode. The working electrode
surface was first polished with 1 µm alumina slurry (Linde),
followed by 0.3 µm alumina slurry, on a microcloth (Buehler Co.).
Treatment of the electrode surfaces was as reported previously.27a

The ferrocenium/ferrocene couple (FeCp2
+/0) was used as the

internal reference.27b All solutions for electrochemical studies were
deaerated with pre-purified argon gas just before mea-
surements.

Crystal Structure Determination. Single crystals of 1 suitable
for X-ray diffraction studies were grown by layering n-hexane onto
a concentrated dichloromethane solution of 1. The X-ray diffraction
data were collected on a Bruker Smart CCD 1000 using graphite

monochromatized Mo-KR radiation (λ ) 0.71073 Å). Raw frame
data were integrated with the SAINT28 program. Semi-empirical
absorption correction with SADABS29 was applied. The structure
was solved by direct methods employing the SHELXS-97 pro-
gram.30 Full-matrix least-squares refinement on F2 was used in the
structure refinement. The positions of H atoms were calculated on
the basis of the riding mode with thermal parameters equal to 1.2 times
that of the associated C atoms, and these positions participated in the
calculation of final R indices. In the final stage of least-squares
refinement, all non-hydrogen atoms were refined anisotropically.

Synthesis and Characterization of 1. Complex 1 was synthe-
sized by reaction of [Au(2,5-F2C6H3-C∧N∧C)Cl] with (4-diphen-
ylamino-phenyl)ethyne in the presence of a catalytic amount of
copper(I) iodide in triethylamine and dichloromethane. 1: 1H NMR
(300 MHz, CD2Cl2, 298 K, relative to Me4Si): δ 7.06 (m, 4H,
CtCC6H4 and N(C6H5)2), 7.10 (d, J ) 8.7 Hz, 4H, N(C6H5)2),
7.24-7.30 (m, 8H, phenyl of N(C6H5)2, 2,5-F2C6H3 and C6H4 of
C∧N∧C), 7.36-7.43 (m, 5H, CtCC6H4 2,5-F2C6H3 and C6H4 of
C∧N∧C), 7.63 (m, 4H, pyridyl and C6H4 of C∧N∧C), 8.01 (d, J
) 6.1 Hz, 2H, C6H4 of C∧N∧C); positive FAB-MS: m/z 808 [M]+;
IR (KBr): 2153 cm-1; elemental analyses calcd for C43H27-
N2F2Au ·H2O (found): C 62.63 (62.64), H 3.54 (3.33), N 3.40 (3.19).

OLED Fabrication and Measurement. OLEDs were fabricated
on patterned ITO-coated glass substrates with a sheet resistance of
30 Ω/0. The substrates were cleaned with Decon 90, rinsed with
deionized water then dried in an oven, and finally treated in an
ultraviolet-ozone chamber. A 70-nm thick R-naphthylphenylbi-
phenyl diamine (NPB) was used as the hole-transporting layer
(HTL), and a 5-nm thick 4,4′-N,N′-dicarbazole-biphenyl (CBP) was
used as the carrier confinement layer. A 30-nm thick emissive layer
(EML) consisting of 1, 2, 4, and 6% complex 1 was doped into the
CBP layer via thermal co-deposition. A 30-nm thick layer of
aluminum(III) bis(2-methyl-8-quinolinato)-4-phenylphenolate (BAlq)
and LiF/Al were used as the electron-transporting layer and metal
cathode, respectively. All films were sequentially deposited at a
rate of 0.1-0.2 nm/s without vacuum break. A shadow mask was
used to define the cathode and to make four 0.1 cm2 devices on
each substrate. Current density-voltage-luminance (J-V-L)
characteristics and electroluminescence (EL) spectra were measured
simultaneously with a programmable Keithley model 237 power
source and a Photoresearch PR650 spectrometer.
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