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A series of neutral platinum(II) complexes with substituted 8-hydroxyquinoline ligands for use in
organic electroluminescent devices have been prepared. These platinum(II) complexes give
deep-red to near-infrared phosphorescence with Ay pear from 650 to 695 nm and Ay shoutder from
705 to 755 nm. High-performance organic light-emitting devices are obtained using these
bis(8-hydroxyquinolato) platinum(IT) complexes as a deep-red to near-infrared emitter with
maximum external quantum efficiency, luminous efficiency, and turn-on voltage of 1.7%,
0.32 cd/A, and 3.2 V, respectively. © 2008 American Institute of Physics.

[DOLI: 10.1063/1.2906892]

In recent years, highly efficient phosphorescent organic
light-emitting devices (OLEDs) have received growing at-
tention because the harvest of both singlet and triplet exci-
tons enables the achievement of a maximum internal quan-
tum efficiency of 100%." However, most works were
directed toward light emission in the visible spectral region.
Extending OLED emission into near-infrared (NIR) wave-
length is a challenging task, despite the useful applications of
NIR OLEDs in optical communication and biomedical sens-
ings. To date, most organic NIR electroluminescent (EL) ma-
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FIG. 1. Chemical structures of Alq; and Pt(I) complexes.
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terials have a low external quantum efficiency (7, 6-10 ¢

cept for the Pt(IT) tetraphenyltetrabenzoporphyrin (Refs. 11
and 12) and [Pt(L)Cl] [L=1,3-di(2-pyridyl)benzene]
complexes,13 both of which have a 7., more than 5%.

The first efficient OLED, demonstrated by Tang and
VanSlyke, was based on tris(8-hydroxyquinolato) aluminu-
m(I1I) (Alg,, Fig. 1)." Since then, Alqs has been widely used
as an electron-transporting material, green fluorescent emit-
ter, or host material for various dyes to tune the emission
color from green to red. The Alqs; material has a good ther-
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FIG. 2. Synthetic methodology of Ptq, complex and schematic energy dia-
grams of organic materials used in this work (dash line for Ptq, complex).

mal and morphological stability that allows the formation of
good-quality thin film by vacuum deposition.m’15 Our previ-
ous work demonstrated efficient yellow-red OLEDs based on
Pt(IT) complexes containing the tetradentate or tridentate hy-
droxyquinolato ligands and their derivatives,'™'® as shown
in Fig. 1. In this work, upon combining the large spin-orbital
coupling effect of Pt(IT) ion and the desirable thin-film prop-
erty of 8-hydroxyquinolato metal complexes, a series of neu-
tral phosphorescent bis(8-hydroxyquinolato) platinum(II)
complexes, bis(8-hydroxyquinolato) platinum(IT) (Ptq,),
bis(5,7-dichloro-8-hydroxquinolato) platinum(II) [Pt(Cl,q),],
and bis(5,7-dichloro-2-methyl-8-hydroxyquinolato) platinu-
m(ID) [Pt(Cl,Meq),] (Fig. 1), have been prepared and used to
fabricate deep-red to NIR OLEDs.

All the bis(8-hydroxquinolato) platinum(IT)
complexes were synthesized by a one-step reaction
using Scandola’s method,"”*" as depicted in Fig. 2. All
NIR EL devices were prepared on patterned indium-
tin-oxide (ITO) glass with a sheet resistance of 20
Q/0. The configuration of the OLEDs was ITO/
N,N'-bis(naphthyl)-N,N’-diphenyl-1, 1’-biphenyl-4,4’-dia-
mine  (NPB) (40 nm)/4,47-N,N/-dicarbazole-biphenyl
(CBP): Pt(IT) complex (30 nm)/ 2,9-dimethyl-4,7-diphenyl-
1,10-phenanthroline  (BCP) (10 nm)/Alg; (30 nm)/LiF
(0.5 nm)/Al (150 nm). NPB was employed as hole-transport
material, while BCP was used as hole-blocking material.
Alqg; was chosen as electron-transport material. All layers of
the OLEDs were grown on the matrix layer by thermal
evaporation under a vacuum of 1.0X 107 Torr.

Thermogravimetric analysis showed that the decomposi-
tion temperatures of the complexes, Ptq,, Pt(Cl,q),, and
Pt(Cl,Meq),, are 382, 431, and 413 °C, respectively. As de-
picted in Fig. 3, thin films of the Pt(IT) complexes individu-
ally exhibited a deep-red to NIR photoluminescence (PL)
(M maxpeak 030—695 nm and Nypax shourder 705—755 nm) with
vibrational spacing of 1100—1400 cm™', the latter is charac-
teristic of the ring-breathing mode of 8-quinolinolato
ligands. Ptq, is soluble in common organic solvents, while
Pt(Cl,q), is slightly soluble in N,N-dimethylformamide
(DMF), and Pt(Cl,Meq), is insoluble in common organic
solvents. In DMF solution, the PL emission of Ptq, and
Pt(Clyq), are similar with A,,, at 650 and 666 nm, and
emission decay lifetime of 4.8 and 3.7 us, respectively,
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FIG. 3. Absorption spectra of Ptq, and Pt(Cl,q), in DMF solution, and PL
emission spectra of thin-film sample of CBP, Ptq,, Pt(Cl,Meq),, and
Pt(Cl,q), at 298 K.

revealing that the PL emissions come from triplet excitons
(ILCT).”® The PL quantum efficiency (¢) of Ptq,
calculated using an acetonitrile solution of [Ru(bpy);]Cl,
(bpy=2,2'-bipyridine), as the standard is 1.2% and 1.0% in
CH,Cl, and DMF solution, respectively. The ¢ of Pt(Cl,q),
is 0.44% in DMF solution.

The energy levels of Ptq,, calculated using cyclic volta-
mmetric data, are shown in Fig. 2. The energy level of the
highest-occupied molecular orbital (5.8 eV) and lowest-
unoccupied molecular orbital (3.2 eV) of Ptq, match well
with that of CBP, therefore, it is suitable to use CBP as the
host for Ptq,. All devices started to glow at 3—4 V and gave
a deep-red to NIR EL emission similar to the PL emission,
indicating that both PL and EL emissions come from triplet
excitons. For a dopant concentration of 1.5%, both Ptq, and
Pt(Cl,q), gave a little blue emission with a A, of 420 nm
and a shoulder at 436 nm from the hole-transport material
NPB (Fig. 4). Upon increasing the dopant concentration
from 1.5% to 10%, the EL emission of Ptq,, Pt(Cl,Meq),,
and Pt(Cl,q), show a redshift, attributed to the formation of
excimer or oligomer at high dopant concentration. Pt(I)
complexes containing chelating anionic ligands are square
planar molecules, known to form excimers or oligomer at
high complex concentration.'*?' The optimal dopant concen-
trations of Ptq,, Pt(Cl,Meq),, and Pt(Cl,q), were found to be
3.0, 4.5, and 5.0 wt %, respectively. The maximum 7, lu-
minous efficiency #;, and turn-on voltage of 3.0% Ptq,
OLED are 1.7%, 0.32 cd/A, and 3.2 V; 1.3%, 0.12 cd/A,
and 3.5V for 45% Pt(Cl,Meq), OLED, and 0.95%,
0.058 cd/A, and 3.7 V for 5.0% Pt(Cl,q), OLED (Fig. 5).
For an input voltage from 3 to 16 V, the EL spectra of 3.0%
Ptq,, 4.5% Pt(Cl,Meq),, and 5.0% Pt(Cl,q), OLEDs exhibit
little change, corresponding to pure deep-red light with 1931
Commission Internationale de 1’Eclairage (CIE_1931) coor-
dinates of (0.70, 0.29), (0.70, 0.28), and (0.71, 0.28),
respectively.

We also note that the maximum 7, of Ptq, is 1.7%.
Thus, the calculated maximum internal quantum efficiency
(i) Of Pty is about 8.5% (7= Text X 5). The maximum
ine Of Ptqy is much higher than its ¢ (1.2% in CH,Cl, solu-
tion). Keeping the excitation wavelength at 350 nm, the PL
intensity of Ptq, film is very low, which is about 1.0% of that
of CBP film, attributed to the formation of Pt(II) excimer or
oligomer in solid state. In this work, there was no regular
decrease in the drive voltage when the concentration of guest
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FIG. 4. EL spectra of Ptq, and Pt(Cl,q), at different dopant concentrations
with operating voltage at 8 V.

was increased, indicating that the host-guest energy transfer
play a more primary role than the charge trapping by
dopant.zzf24 Further evidence can be revealed by the overlap
of the absorption spectrum of guest and emission spectrum
of the host (Fig. 3). Therefore, the PL intensity of Ptq, in
3.0% Ptq,-doped CBP film was increased by a factor of 4.4
compared to that of neat Ptq, film (excited at 350 nm). Al-
though 7, of Ptq, can reach up to 1.7%, its 7, is low
(<0.4 cd/A) because the emission A, of Ptq, is over
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FIG. 5. Current density and external quantum efficiency of 3.0% Ptq,, 4.5%
Pt(Cl,Meq),, and 5.0% Pt(Cl,q), OLEDs.
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660 nm and the sensitivity of human eyes is low in this spec-
tral region.

In summary, the photophysical characteristics of phos-
phorescent bis(8-hydroxquinolato) platinum(II) complexes
have been investigated. These Pt(IT) complexes give deep-
red to NIR EL emission (Npaypeak» 650—702 nm  and
M max.shoulders 720—755 nm) with maximum external quantum
efficiency, luminous efficiency, and turn-on voltage of 1.7%,
0.32 cd/A, and 3.2 V, respectively.
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