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The synthesis and photophysical properties of the robust Pt(Il)
emitters [(OANAN)PtX] (HOANAN = 6-(2-hydroxyphenyl)-2,2'-
bipyridine and its derivatives; X = ClI, Br, I, or -C=C-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, [(FBu,OANAN)-
PtCl], has the highest thermal stability and gave the best OLED.

The application of platinum(ll) chelates as electrophos-
phorescent emitters has recently been demonstrated to impact
the development of high-performance organic light-emitting

devices (OLEDs}-® Until now, most Pt(Il) chelates used

for this purpose (i) have a tetradentate ligand, such as [Pt-

(N2O2)] (H2N20, = bis(2-phenol)bipyridines or -phenan-
throlines)? Pt Schiff basé, and Pt porphyrin complexés;
(i) are cyclometalated, for example, (KB!)Pt(OAO)] (CAN

= 2-phenylpyridyl, 2-(2thienyl)pyridyl or 2-(4,6-difluo-
rophenyl)pyridyl; OO = f-diketonato) and [(CANAN)-
PtR]" (HCANAN = 6-aryl-2,2-bipyridine)® and, more
recently, (iii) contain bidentate NN donor ligands such as
[Pt(igdz)] and [Pt(pydz])] (igdz = isoquinolinyl indazole,
pydz= pyridyl indazole)} Previous work demonstrated that
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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
HoN2O, ligand is HOANAN (6-(2-hydroxyphenyl)-2,2
bipyridine). We envision that (dNAN)-type complexes of
Pt(Il) could be readily prepared, would exhibit thermal
stability, and are potential emitters for optoelectronic devices.
The physical properties of these (DI AN)PtX] complexes
(2a—2h, X = ClI, Br, I, or —C=C—Ph, Scheme 1) should
be easily modified through the non-chelated auxiliary ligand
X, as opposed to the difficulty of modifying the;®, chelate

[Pt(N2O2)] complexes are robust emitters with good thermal jn the [Pt(NO,)] complexes.

stability, as ensured by the chelating effect of tha\yD,

Complexe2a—2e were obtained, in 6885% yields, by

ligand? The shortcoming, however, stems from the synthesis reacting a DMF KI,N'-dimethylformamide) solution of the

corresponding HANAN ligand (La—1€) and sodium acetate
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hku.hk.
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60 °C.”8 Complexes2f—2h were prepared by substituting
the Cl ligand in2c with phenylacetylide, Br, or |, respectively
(Scheme 1). Purification dfa—2f was achieved by washing
with CH.Cl,, water, and MeOH, whered and 2h were
purified by chromatography on a silica gel column with
CH.CI, as the eluent.
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Table 1. Physical Data foRa—2h Table 2. Photophysical Data foea—2h
TA°C  E PV EyfetV  HOMO/eV  LUMO/eV Amax Amax Amax
— — — abs$/nm Amax PLsolid/ PLgIassyd/
R T O o M
2c 425 08  -185 -5.62 -2.95 moltdm? - Plowe®/  (tlus, ), (tlus),  (7lus),  Plam
2d 351 068 169 -5.48 ~311 cm™) nm 208K 7rK 77K nm
2e 426 0.61 —-1.80 —5.41 —3.00 2a 301(1.11) 606 634 556, 545, 571
2f 348 0.55 —-1.85 —-5.35 —2.95 370 (0.46) (1.2, 606 586
29 400 0.75 —1.74 —5.55 —3.06 386 (0.36) 0.01) (11.6)  (23.5)
2h 373 0.60 -1.74 —5.40 —3.06 455 (0.18)
. _, _ o _ 2b 300(1.98) 600 609 577, 544, 564
. Decomposition temperatureAnodic Peak Potential, irreversible. 367 (0.68) (1.1, 607 582
Reduction Potential, reversible. 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)
Figure 1. Perspective view ac. (Thermal ellipsoids at 30% probability,
hydrogen atoms and solvent molecules omitted for clarity.) 2f g;z Egg;g 600 55851(1) 65(?4? (?%2.36) 574
) . , 460 (0.34) (2.0, (11.8)
Results of thermogravimetric analysis (Table 1) showed 0.01)
that2eis the most stable. This is an interesting observation 29 ggl ((1)-22) 596 - - - -
given that, for most cyclometalated Pt(Il) emitters used in 38; Eolilg
OLEDs, the ligated Cl complex has usually been employed 438(0.27)
as a precursor for subsequent material preparéfiorhe 2h ggé (cl)-ig) 595 - - - -
thermal stabilities oRa—2h (Table 1) are comparable to that 388 §0: 413
of [[CANAN)Pt(CG=C)\R] (n = 1—-4; R = aryl, SiMe;; Ty 412 (0.33)
~ 400 °C) 5 while being slightly lower than those of the 439 (0.26)
[Pt(N.O)] complexes T4 = 440-530°C).? a AbsorbanceP Photoluminescence in DMF solution (fOM). ¢ Pho-

; _ toluminescence in the solid statePhotoluminescence in MeOH/EtOH (4:
The structure of2c was determined by X-ray CryStaI 1) glass.® Photoluminescence in doped film (PVK (pdN4/inylcarbazole))/

analysis (Figure 1)° In 2c, the Pt atom adopts a distorted  py(ly complex (5%))! Lifetime. 9 Quantum yield.
square-planar geometry. The slight distortion is revealed by
the <360° summation of O+Pt=N1 (95.7(2)), N1-Pt— 2f, there are two intense absorptions at 279 mme(3 x
N2 (82.0(2)), O1-Pt-Cl (87.3(2y), and N2-Pt—Cl 10* mol~t dm? cm 1) and 384 nmd ~ 1 x 10* mol~ dm?
(95.1(2F). The PN distances are 1.979(7) and 2.006(6) cm?). With reference to previous works on [P#Db)]? and
A, and the PtO and PtCl distances are 1.972(5) and [Pt(qol)] (qol = 8-quinolinolatoO,N),12 the absorption at
2.311(2) A, respectively. These values are comparable t04,,,, ~ 300 nm is attributed to a ligand-centertl— n*)
those for [Pt(NO,)] (mean P+-N = 1.960 and 1.978 A, mean (I = lone pair/phenoxide) transition, whereas the moderately
Pt—0 = 1.963 and 1.975 K)and2a:CH,Cl, (Pt-O ~ 1.95 intense band at 366400 nm is attributed tol[l —
A, Pt=N ~ 2.00 A, Pt-Cl ~ 2.32 A)1 7*(diimine)] mixed with Pt(dr) — s*(diimine) charge-
In DMF, 2a—2e, 2g,and2h exhibit an intense absorption  transfer transitiond!? The absorption spectra 8&in DMF
at Amax &~ 300 nm € > 10* mol~* dm?® cm™%), moderately ~ and CHCI, are similar, but in GHe, the absorption bands
intense bands at 36871 nm, and a shoulder at 38388 are red-shiftedAnmax at 302, 366, 382, and 424 nm in DMF;
nm (e ~ (0.5-0.7) x 10* mol~* dm?® cm™%, Table 2). For 312, 386, 409, and 439 nm insds).
At room temperature, excitatiod (= 385—-452 nm) of
(9) Lu, W.; Chan, M. C. W.; Zhu, N.; Che, C. M; Li, C.; Hui, 2. Am. 2a—2h in DMF solutions results in a broad orange-red
(10) (C::rc]:elg]c ggﬁggzlcéﬁgizg?’tajsgplblementary crystallographic data for €miSsion 4maxat 593-618 nm, Téble 2). The quanj{um yields
2¢ in this paper. These data can be obfained free of charge via Were too low to be measured; presumably, this is due to
www.ccdc.cam.ac.uk/data_request/cif; by e-mailing data_request@ quenching by DMF. The emission energiesZ}n‘—Zh are

ccdc.cam.ac.uk; or by contacting The Cambridge Crystallographic Data _chi
Centre, 12, Union Road, Cambridge CB2 1EZ, UK (faxda 1223 'ed-shifted compared to those of the related [FT)

336033).
(11) Bardwell, D. A.; Crossley, J. G.; Jeffery, J. C.; Orpen, A. G.; Psillakis, (12) Donges, D.; Nagle, J. K.; Yersin, thorg. Chem.1997, 36, 3040~
E.; Tilley, E. E. M.; Ward, M. D.Polyhedron1994 13, 2291-2300. 3048.
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Table 3. EL Data for2a—2e 700+ X WV - 40000
Jmad  CIE® Bradcd M2 Effpadcd AL 0] = VB * {35000
device nm X,y X/%P (VIV)© (I/mA cm2)d . 130000
A(28) 564 048050 6 6000 (16) 2.9 (4.4) 5001 L
B(2b) 565 0.51,0.48 5 14000 (16) 9.7 (4.2) % 400 -25000 ®
C(c) 564 050,049 6 26000 (14) 13 (1.4) § : {20000 g
D(2d) 572 053,046 6 10000 (19) 7.3(2.9) T 400l . g
E@¢ 566 048,051 5 37000 (16) 7.8 (89) S « {15000 *®
21931 Commission Internationale dédlairage coordinate$.Dopant 2007 x < 10000
percentage a2a—2e ¢ Maximum brightnessBmnay) achieved at the voltage 1004 .
V. dMaximum current efficiency (Eff.) achieved at the current density . -/5000
J‘ 0 i T i T 5 T T T T O
0 2 4 6 8 10 12 14 16 18
complexes (589 nmput blue-shifted from that of [Pt(qg] viv
(650 nm)*2 With reference to previous works on [PDb)]? Figure 2. J—V—B (current density-voltage-brightness) relationships for

and [Pt(qol}],*? the emission of [(AQNAN)PtX] is tentatively device E.

attributed to come from triplet excited state with mixed gg ma cnt2 The device was stable in terms of efficiency
*MLCT and I — 7*(diimine)] (I = lone pair/phenoxide)  gecay, and the efficiency was attained at 5.8 cd Wwhen
parentage. Solvent effect on the emission was examined usingne current density was increased to 633 mA &nThe
2e as an example. Its emissiotha is relatively solvent  mayimum brightness of 37000 cdfwas achieved at 16
insensitive, but the emission lifetime)(is affected by the  \, (Figure 2), which is higher than those of the yellow

solvent (0.27us in CHCl, and 0.41us in GHe; the emission 5| Eps with [(CANAN)PER]" (maximum luminance= 7800
lifetime in DMF was too short to be measured). In £H, cd M2, Amax = 564 nm)¢ [Pt(N,O,)] (4480 cd ni2, CIE x

the self-quenching rate constant for the emissior2@fs = 0.42,y = 0.56)2 Pt Schiff base emitters (23000 cd

3.6 x 10° mol™ dm™ s™™. _ CIE x = 0.48,y = 0.52)2 and other non-Pt emitters in the
Cyclic voltammograms of2a—2h in DMF show an literaturel3-15

irreversible oxidation wave witlE,, at 0.60-0.86 V and a In summary, we have demonstrated [®AN)PtX]

reversible reduction COL/‘(f’le wity/°’ between—1.69 and  complexes to be robust phosphorescent materials for OLEDs
—1.85 V versus [Cgre[™. The HOMO and LUMO levels \yith good performance. Their preparation and structural
of these complexes were estimated to be in the ranges fromy, o gification are simpl&91617 The physical properties of

—5.3510-5.66 eV and from-2.95 to—3.11 eV, respec-  {hese complexes, such asand band gap, can also be easily

tively (Table 1). _ _ _ modified through the non-chelated site on the Pt atom.
OLEDs with the following configuration were prepared ]

for 2a—2e ITO (indium tin oxide)/NPB (4,4bis[N-(1- Acknowledgment. We gratefully acknowledge the fi-

naphthyl)N-phenylamino]biphenyl, 40 nm)/CBP (4:M,N'- nancial support by the University Development Fund (Nano-

dicarbazolebiphenyl):Pt(ll) complex%, 30 nm)/BCP (2,9-  technology Research Institute, 00600009) of The University
dimethy|_4’7_dipheny|_1’1o_phenanthro|ine, 20 nm)é«lq's(g_ of Hong Kong and Innovation and TeChnOlOgy Commission
quinolinolato)aluminum, 30 nm)/LiF (0.5 nm)/Al (100 nm). ©of The Government of Hong Kong Special Administrative
A data summary for the devices achieved using optimized Region (HKSAR), China (Project No. ITS/53/01). We would

2a—2e doping concentrations is provided in Table 3. also like to thank Sunic System Ltd. for support on
Devices A-E are yellow-light-emitting with similar CIE ~ fabrication techniques.
coordinates (Table 3). The electroluminescence (B Supporting Information Available: Experimental procedures,

for all complexes is independent of their doping concentra- thermogravimetric analysis, X-ray crystal data2ef UV—vis and
tions, and the band shape is similar to that of photolumi- pPL spectra oRa—2h in DMF, spectra depicting solvent effect on
nescence (PL), although the EL emission is blue-shifted, the absorption ofe, cyclic voltammograms ofa—2h, and EL
presumably because of solvent relaxation and doping (Tablesspectra and—V—B plots of devices A-D. This material is available
2 and 3). The device performance ¢(EC > B > D &~ A, free of charge via the Internet at http://pubs.acs.org.
Table 3) fqllows a trend similar to those of the emission |co503650
quantum vyield ¢ of 2e > 2c > 2b > 2d ~ 2a, Table 2)
and thermal stability g of 2e~ 2c~ 2b > 2d ~ 2a, Table (13) ;in, Xd?-: Chen, Bécj)a Zhgng, éH-éLee, C. S.;Kwong, H. L; Lee,
: ; . T.Chem. Mater 1 13, 456-458.
1) of the complex. .In particular, the complexes with bulky (14) Lamansky, S.: Djurovich, P.: Murphy, D.: Abdel-Razzag, F.: Lee, H.-
groups and F substituent on the/A®AN) ligand gave better E.; Adachi, C.; Burrows, P. E.; Forrest, S. R.; Thompson, MJE.
i i i i Am. Chem. SoQ001, 123 4304-4312.
devices. There is, howev.er’ _no C.mr.elatlon between deVlce(lS) Mazzeo, M.; Pisignano, D.; Favaretto, L.; Barbarella, G.; Cingolani,
performance and the emission lifetime of the complexes. R.; Gigli, G. Synth. Met2003 671-673.
Complex2egave the device (E) with the best performance; (16) thﬁl, S-l\é\géclgagégfl?. CSé\é\g: Cheung, K. K.; Che, C. Brganome-
. . . allics 2 — .
this device gave a brightness of 1 cd4at 4 V, and the (17) Wong, K. H.. Chan, M. C. W.: Che, C. NChem. Eur. 1999 5,

maximum current efficiency of 7.8 cd A was obtained at 2845-2849.
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