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The synthesis and photophysical properties of the robust Pt(II)
emitters [(O∧N∧N)PtX] (HO∧N∧N ) 6-(2-hydroxyphenyl)-2,2′-
bipyridine and its derivatives; X ) Cl, Br, I, or −CtC−Ph) are
reported. Yellow electroluminescent devices based on these
materials display a low turn-on voltage (1 cd m-2 at 4 V) and a
high luminance (37000 cd m-2). Complex 2e, [(FtBu2O∧N∧N)-
PtCl], has the highest thermal stability and gave the best OLED.

The application of platinum(II) chelates as electrophos-
phorescent emitters has recently been demonstrated to impact
the development of high-performance organic light-emitting
devices (OLEDs).1-6 Until now, most Pt(II) chelates used
for this purpose (i) have a tetradentate ligand, such as [Pt-
(N2O2)] (H2N2O2 ) bis(2′-phenol)bipyridines or -phenan-
throlines),2 Pt Schiff base,3 and Pt porphyrin complexes;4

(ii) are cyclometalated, for example, [(C∧N)Pt(O∧O)] (C∧N
) 2-phenylpyridyl, 2-(2′-thienyl)pyridyl or 2-(4,6-difluo-
rophenyl)pyridyl; O∧O ) â-diketonato)5 and [(C∧N∧N)-
PtR]+ (HC∧N∧N ) 6-aryl-2,2′-bipyridine);6 and, more
recently, (iii) contain bidentate N-N donor ligands such as
[Pt(iqdz)2] and [Pt(pydz)2] (iqdz ) isoquinolinyl indazole,
pydz) pyridyl indazole).1 Previous work demonstrated that
[Pt(N2O2)] complexes are robust emitters with good thermal
stability, as ensured by the chelating effect of the H2N2O2

ligand.2 The shortcoming, however, stems from the synthesis

and purification processes, which involve a number of steps,
resulting in overall low product yields.

One of the side products obtained in the synthesis of
H2N2O2 ligand is HO∧N∧N (6-(2-hydroxyphenyl)-2,2′-
bipyridine). We envision that (O∧N∧N)-type complexes of
Pt(II) could be readily prepared, would exhibit thermal
stability, and are potential emitters for optoelectronic devices.
The physical properties of these [(O∧N∧N)PtX] complexes
(2a-2h, X ) Cl, Br, I, or -CtC-Ph, Scheme 1) should
be easily modified through the non-chelated auxiliary ligand
X, as opposed to the difficulty of modifying the N2O2 chelate
in the [Pt(N2O2)] complexes.

Complexes2a-2e were obtained, in 68-85% yields, by
reacting a DMF (N,N′-dimethylformamide) solution of the
corresponding HO∧N∧N ligand (1a-1e) and sodium acetate
with a DMSO (dimethyl sulfoxide) solution of K2PtCl4 at
60 °C.7,8 Complexes2f-2h were prepared by substituting
the Cl ligand in2cwith phenylacetylide, Br, or I, respectively
(Scheme 1). Purification of2a-2f was achieved by washing
with CH2Cl2, water, and MeOH, whereas2g and 2h were
purified by chromatography on a silica gel column with
CH2Cl2 as the eluent.
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Scheme 1. Synthesis of2a-2h
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Results of thermogravimetric analysis (Table 1) showed
that2e is the most stable. This is an interesting observation
given that, for most cyclometalated Pt(II) emitters used in
OLEDs, the ligated Cl complex has usually been employed
as a precursor for subsequent material preparation.6,9 The
thermal stabilities of2a-2h (Table 1) are comparable to that
of [(C∧N∧N)Pt(CtC)nR] (n ) 1-4; R ) aryl, SiMe3; Td

≈ 400 °C),6 while being slightly lower than those of the
[Pt(N2O2)] complexes (Td ) 440-530 °C).2

The structure of2c was determined by X-ray crystal
analysis (Figure 1).10 In 2c, the Pt atom adopts a distorted
square-planar geometry. The slight distortion is revealed by
the <360° summation of O1-Pt-N1 (95.7(2)°), N1-Pt-
N2 (82.0(2)°), O1-Pt-Cl (87.3(2)°), and N2-Pt-Cl
(95.1(2)°). The Pt-N distances are 1.979(7) and 2.006(6)
Å, and the Pt-O and Pt-Cl distances are 1.972(5) and
2.311(2) Å, respectively. These values are comparable to
those for [Pt(N2O2)] (mean Pt-N ) 1.960 and 1.978 Å, mean
Pt-O ) 1.963 and 1.975 Å)2 and2a‚CH2Cl2 (Pt-O ≈ 1.95
Å, Pt-N ≈ 2.00 Å, Pt-Cl ≈ 2.32 Å).11

In DMF, 2a-2e, 2g,and2h exhibit an intense absorption
at λmax ≈ 300 nm (ε > 104 mol-1 dm3 cm-1), moderately
intense bands at 366-371 nm, and a shoulder at 381-388
nm (ε ≈ (0.5-0.7) × 104 mol-1 dm3 cm-1, Table 2). For

2f, there are two intense absorptions at 279 nm (ε ≈ 3 ×
104 mol-1 dm3 cm-1) and 384 nm (ε ≈ 1 × 104 mol-1 dm3

cm-1). With reference to previous works on [Pt(N2O2)]2 and
[Pt(qol)2] (qol ) 8-quinolinolato-O,N),12 the absorption at
λmax ≈ 300 nm is attributed to a ligand-centered1(l f π*)
(l ) lone pair/phenoxide) transition, whereas the moderately
intense band at 360-400 nm is attributed to1[l f
π*(diimine)] mixed with Pt(dπ) f π*(diimine) charge-
transfer transitions.2,12 The absorption spectra of2e in DMF
and CH2Cl2 are similar, but in C6H6, the absorption bands
are red-shifted (λmax at 302, 366, 382, and 424 nm in DMF;
312, 386, 409, and 439 nm in C6H6).

At room temperature, excitation (λ ) 385-452 nm) of
2a-2h in DMF solutions results in a broad orange-red
emission (λmax at 593-618 nm, Table 2). The quantum yields
were too low to be measured; presumably, this is due to
quenching by DMF. The emission energies of2a-2h are
red-shifted compared to those of the related [Pt(N2O2)]
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Table 1. Physical Data for2a-2h

Td
a/°C Epa

b/V E1/2
redc/V HOMO/eV LUMO/eV

2a 388 0.81 -1.76 -5.61 -3.04
2b 421 0.86 -1.83 -5.66 -2.97
2c 425 0.82 -1.85 -5.62 -2.95
2d 351 0.68 -1.69 -5.48 -3.11
2e 426 0.61 -1.80 -5.41 -3.00
2f 348 0.55 -1.85 -5.35 -2.95
2g 400 0.75 -1.74 -5.55 -3.06
2h 373 0.60 -1.74 -5.40 -3.06

a Decomposition temperature.b Anodic Peak Potential, irreversible.
c Reduction Potential, reversible.

Figure 1. Perspective view of2c. (Thermal ellipsoids at 30% probability,
hydrogen atoms and solvent molecules omitted for clarity.)

Table 2. Photophysical Data for2a-2h

λmax,
absa/nm
(ε/×104

mol-1 dm3

cm-1)

λmax,
PLDMF

b/
nm

λmax,
PLsolid

c/nm
(τf/µs,Φg),

298 K

λmax,
PLsolid/

nm
(τf/µs),
77 K

λmax,
PLglassy

d/
nm

(τf/µs),
77 K

λmax

PLfilm
e/

nm

2a 301 (1.11) 606 634 556, 545, 571
370 (0.46) (1.2, 606 586
386 (0.36) 0.01) (11.6) (23.5)
455 (0.18)

2b 300 (1.98) 600 609 577, 544, 564
367 (0.68) (1.1, 607 582
318 (0.63) 0.02) (20.4) (35.6)
407 (0.45)
415 (0.28)

2c 301 (1.98) 593 543, 564, 521, 570
366 (0.71) 580 600 553
381 (0.65) (1.0, (16.5) (24.2)
406 (0.48) 0.03)
450 (0.30)

2d 301 (2.01) 618 598 586, 540, 580
371 (0.60) (1.4, 633 574
386 (0.59) 0.01) (15.8) (20.9)
417 (0.47)
462 (0.35)

2e 302 (1.61) 606 555, 559, 526, 574
366 (0.47) 579 605 557
382 (0.48) (1.6, (16.0) (18.6)
424 (0.42) 0.04)
465 (0.24)

2f 279 (2.87) 600 550, 560, 518 574
384 (0.97) 584 604 (10.6)
460 (0.34) (1.0, (11.8)

0.01)
2g 301 (1.20) 596 - - - -

367 (0.46)
387 (0.41)
438 (0.27)

2h 301 (1.20) 595 - - - -
366 (0.46)
388 (0.41)
412 (0.33)
439 (0.26)

a Absorbance.b Photoluminescence in DMF solution (10-5 M). c Pho-
toluminescence in the solid state.d Photoluminescence in MeOH/EtOH (4:
1) glass.e Photoluminescence in doped film (PVK (poly(N-vinylcarbazole))/
Pt(II) complex (5%)).f Lifetime. g Quantum yield.
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complexes (589 nm)2 but blue-shifted from that of [Pt(qol2)]
(650 nm).12 With reference to previous works on [Pt(N2O2)]2

and [Pt(qol)2],12 the emission of [(O∧N∧N)PtX] is tentatively
attributed to come from triplet excited state with mixed
3MLCT and 3[l f π*(diimine)] (l ) lone pair/phenoxide)
parentage. Solvent effect on the emission was examined using
2e as an example. Its emissionλmax is relatively solvent
insensitive, but the emission lifetime (τ) is affected by the
solvent (0.27µs in CH2Cl2 and 0.41µs in C6H6; the emission
lifetime in DMF was too short to be measured). In CH2Cl2,
the self-quenching rate constant for the emission of2e is
3.6 × 108 mol-1 dm-3 s-1.

Cyclic voltammograms of2a-2h in DMF show an
irreversible oxidation wave withEpa at 0.60-0.86 V and a
reversible reduction couple withE1/2

red between-1.69 and
-1.85 V versus [Cp2Fe]+/0. The HOMO and LUMO levels
of these complexes were estimated to be in the ranges from
-5.35 to-5.66 eV and from-2.95 to-3.11 eV, respec-
tively (Table 1).

OLEDs with the following configuration were prepared
for 2a-2e: ITO (indium tin oxide)/NPB (4,4′-bis[N-(1-
naphthyl)-N-phenylamino]biphenyl, 40 nm)/CBP (4,4′-N,N′-
dicarbazolebiphenyl):Pt(II) complex (x%, 30 nm)/BCP (2,9-
dimethyl-4,7-diphenyl-1,10-phenanthroline, 20 nm)/Alq3 (tris(8-
quinolinolato)aluminum, 30 nm)/LiF (0.5 nm)/Al (100 nm).
A data summary for the devices achieved using optimized
2a-2e doping concentrations is provided in Table 3.

Devices A-E are yellow-light-emitting with similar CIE
coordinates (Table 3). The electroluminescence (EL)λmax

for all complexes is independent of their doping concentra-
tions, and the band shape is similar to that of photolumi-
nescence (PL), although the EL emission is blue-shifted,
presumably because of solvent relaxation and doping (Tables
2 and 3). The device performance (E> C > B > D ≈ A,
Table 3) follows a trend similar to those of the emission
quantum yield (Φ of 2e > 2c > 2b > 2d ≈ 2a, Table 2)
and thermal stability (Td of 2e≈ 2c≈ 2b > 2d ≈ 2a, Table
1) of the complex. In particular, the complexes with bulky
groups and F substituent on the (O∧N∧N) ligand gave better
devices. There is, however, no correlation between device
performance and the emission lifetime of the complexes.
Complex2egave the device (E) with the best performance;
this device gave a brightness of 1 cd m-2 at 4 V, and the
maximum current efficiency of 7.8 cd A-1 was obtained at

89 mA cm-2. The device was stable in terms of efficiency
decay, and the efficiency was attained at 5.8 cd A-1 when
the current density was increased to 633 mA cm-2. The
maximum brightness of 37000 cd m-2 was achieved at 16
V (Figure 2), which is higher than those of the yellow
OLEDs with [(C∧N∧N)PtR]+ (maximum luminance) 7800
cd m-2, λmax ) 564 nm),6 [Pt(N2O2)] (4480 cd m-2, CIE x
) 0.42,y ) 0.56),2 Pt Schiff base emitters (23000 cd m-2,
CIE x ) 0.48,y ) 0.52),3 and other non-Pt emitters in the
literature.13-15

In summary, we have demonstrated [(O∧N∧N)PtX]
complexes to be robust phosphorescent materials for OLEDs
with good performance. Their preparation and structural
modification are simple.6,9,16,17 The physical properties of
these complexes, such asTd and band gap, can also be easily
modified through the non-chelated site on the Pt atom.
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Table 3. EL Data for2a-2e

device
λmax/
nm

CIEa

x, y x/%b
Bmax/cd m-2

(V/V)c
Effmax/cd A-1

(J/mA cm-2)d

A (2a) 564 0.48, 0.50 6 6000 (16) 2.9 (4.4)
B (2b) 565 0.51, 0.48 5 14000 (16) 9.7 (4.2)
C (2c) 564 0.50, 0.49 6 26000 (14) 13 (1.4)
D (2d) 572 0.53, 0.46 6 10000 (19) 7.3 (2.9)
E (2e) 566 0.48, 0.51 5 37000 (16) 7.8 (89)

a 1931 Commission Internationale de l′EÄ clairage coordinates.b Dopant
percentage of2a-2e. c Maximum brightness (Bmax) achieved at the voltage
V. d Maximum current efficiency (Effmax) achieved at the current density
J.

Figure 2. J-V-B (current density-voltage-brightness) relationships for
device E.
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