\ AIP fgtlztlggd Physics

Oxadiazole-containing material with intense blue phosphorescence emission for
organic light-emitting diodes
Fushun Liang, Lixiang Wang, Dongge Ma, Xiabin Jing, and Fosong Wang

i d .I ‘ IIl -'I.I‘l

Citation: Applied Physics Letters 81, 4 (2002); doi: 10.1063/1.1491288

View online: http://dx.doi.org/10.1063/1.1491288

View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/81/1?ver=pdfcov
Published by the AIP Publishing

Articles you may be interested in
Highly efficient fluorescent-phosphorescent triplet-harvesting hybrid organic light-emitting diodes
J. Appl. Phys. 107, 014515 (2010); 10.1063/1.3275053

White organic light-emitting diode comprising of blue fluorescence and red phosphorescence
Appl. Phys. Lett. 86, 113507 (2005); 10.1063/1.1879108

Confinement of triplet energy on phosphorescent molecules for highly-efficient organic blue-light-emitting devices
Appl. Phys. Lett. 83, 569 (2003); 10.1063/1.1594834

Phosphorescent light-emitting electrochemical cell
Appl. Phys. Lett. 81, 4278 (2002); 10.1063/1.1525881

High-efficiency electrophosphorescent organic light-emitting diodes with double light-emitting layers
Appl. Phys. Lett. 81, 4070 (2002); 10.1063/1.1522495

2014 Special Topics

METAL-ORGANIC
FRAMEWORK
MATERIALS

BIOMATERIALS/
MESOPOROUS BIOELECTRONICS

MATERIALS

AIP APL Materials Submit Today'


http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/1708388657/x01/AIP-PT/APL_ArticleDL_102214/aplmaterialsBIG_2.jpg/47344656396c504a5a37344142416b75?x
http://scitation.aip.org/search?value1=Fushun+Liang&option1=author
http://scitation.aip.org/search?value1=Lixiang+Wang&option1=author
http://scitation.aip.org/search?value1=Dongge+Ma&option1=author
http://scitation.aip.org/search?value1=Xiabin+Jing&option1=author
http://scitation.aip.org/search?value1=Fosong+Wang&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.1491288
http://scitation.aip.org/content/aip/journal/apl/81/1?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/107/1/10.1063/1.3275053?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/86/11/10.1063/1.1879108?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/83/3/10.1063/1.1594834?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/81/22/10.1063/1.1525881?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/81/21/10.1063/1.1522495?ver=pdfcov

APPLIED PHYSICS LETTERS VOLUME 81, NUMBER 1 1 JULY 2002

Oxadiazole-containing material with intense blue phosphorescence
emission for organic light-emitting diodes

Fushun Liang, Lixiang Wang,® Dongge Ma, Xiabin Jing, and Fosong Wang
State Key Laboratory of Polymer Physics and Chemistry, Changchun Institute of Applied Chemistry,
Chinese Academy of Sciences, Changchun 130022, People’s Republic of China

(Received 15 February 2002; accepted for publication 8 May 002

2-(2-hydroxyphenyt5-phenyl-1, 3, 4-oxadiazole(HOXD), characteristic of excited state
intramolecular proton-transfefESIPT), was synthesized and found to emit strong blue
phosphorescence in the solid state at room temperature and at low tempévratukg. The
photoluminescent spectrum measurement in solution showed that there are two kinds of emission:
fluorescence originated from the singlet state and phosphorescence derived from the triplet state in
HOXD formed by ESIPT. For the photoluminescent spectrum in the solid state, only
phosphorescence emission with the lifetime of @ was observed. Multiple-layer light-emitting
diodes with the configuration of ITO/NPBOXD/BCP/Alg; /Mg:Ag were fabricated usingfOXD

as emitter and the maximum brightness of 656 édamd the luminous efficiency of 0.14 Im/W was
obtained. ©2002 American Institute of Physic§DOI: 10.1063/1.1491288

Organic light-emitting diodes$LEDs) have been exten- that the photoluminescence origin HOXD must be asso-
sively studied in the past several yeafd/ery recently, some ciated with the intramolecular hydrogen bond and the ESIPT.
phosphorescent metal complexes containing Ir, Pt ions havieigure 2 shows the UV-visible absorption and emission spec-
attracted much attentich? because the emission may result tra of HOXD andMOXD in CH,CI, solution. It is noticed
from both singlet and triplet states, and in principle, it shouldthat although their absorption spectra are very similar, the
be possible to make use of 100% of electron-hole recombifluorescence spectra 6fOXD and MOXD in solution are
nation, lifting the proposed 25% limit on electroluminescentquite different. As can be seen from Fig. 2, the former ab-
efficiency. Nevertheless, the organic phosphorescent matersorption bands appear at 274 and 315 nm, the latter at 274
als have been rarely developed, in particular, at room temand 305 nm, respectively. The band at 274 nm is associated
perature, and there is a need for developing high efficienwith the oxadiazole coupling with phenyl ring. The band at
organic phosphorescent materials. In this letter, we report 0805 or 315 nm is attributed to the oxadiazole coupling with
an organic phosphorescent dye,(22hydroxyphenyt5-  substituted phenyl ring. From the emission spectrll ©XD
phenyl-1, 3, 4-oxadiazoléHOXD) and its photolumines- in solution, we notice that there are two emission peaks at
cence(fluorescence and phosphoresceramed electrolumi- 365 and 489 nm, respectively. In contrast, only one emission
nescence properties are presentd@XD is chosen for the at 358 nm is observed falOXD as the nonproton transfer
present study, because it is an example of a molecular systemodel compound. Thus, we can attribute the emission at 365
which undergoes excited-state intramolecular proton transfemm to the enol-tautomer form and the emission at 489 nm to
(ESIPT) to yield an excited keto form of the original enol the keto-tautomer form resulting from ESIPT, respectively.
form. There are several kinds of proton-transfer dyes such abhe 125 nm redshift of thélOXD between enol-form and
benzoxazole, benzothiazole, N-salicylidene aniline keto-form can be attributed to a strong intramolecular
benzimidazolé=® Among them, a few compounds such as hydrogen-bond formation iHOXD, which is commonly ob-
2-(2'-hydroxyphenyl-benzothiazoles and @'-hydroxy- served in many molecule systems with ESITSurpris-
5’-fluoropheny)] benzimidazole emit quite strong ESIPT ingly, no emission at 365 nm and only one emission at 489
luminescencé®! nm is observed foHOXD in the solid state, indicating that

CompoundHOXD is synthesized according to the pro- ESIPT becomes more efficient in the solid state than in so-
cedure described in the literaturelt exhibits intense photo- lution. In solid state, the torsional motion is virtually frozen
luminescence in the solid state under UV light irradiation.so that the H-bonded conformer is preferred energetically.
The control study demonstrates that@hydroxyphenyt5-  Furthermore, the disappearance of the short-wavelength
phenyl-1, 3, 4-oxadiazole and (2-methoxyphenyt5-  emission at 365 nm also indicates that the energy of the
phenyl-1, 3, 4-oxadiazoléMOXD) without hydroxy group Single excited state transfers completely to the tautomers in
at 2-position of the phenyl ring shows very weak lumines-the excited staté’
cence under the same conditiofsee Fig. 1 This suggests The phosphorescence spectraH®XD at room tem-

perature and at low temperature were measured in order to

dAuthor to whom correspondence should be addressed; electronic mai|dentlfy the existence of phOSphO_resgence emission in
lixiang@ciac.jl.cn HOXD molecular system, as shown in Fig. 4. It can be seen
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that the phosphorescence emission at 77 K appears at 4R8°B (N, N’-Di-[naphthaleny}N,  N’-dipheny)-(1,
nm, almost the same with its photoluminescence spectrum i’ -bipheny)-4, 4’-diamine was introduced between the
the solid state. At room temperature, its phosphorescencemittingHOXD and the ITO layer as hole-transporting layer.
spectrum is also obtained and centered at 481 nm, but mudCP[4, 4’'-(N, N’-dicarbazolgbiphenyl was used as hole-
broader than that in 77 K. It exhibits strong luminescenceblocking layer to block holes in the HOXD layer, and Alq
with the lifetime of 66 us at room temperature, consistent [tris (8-quinolinolatg aluminum for electron-transporting
with emission from a triplet excited state. layer. Bright blue electroluminescence was observed under
The results of theab initio calculations for the triplet normal day light. As shown in Fig. 4, its electroluminescence
state show that the stable triplet speciesH®XD can be (EL) spectrum shows a main peak at 451 and two shoulders
regarded as a kind dfis-keto form. Based on previous lit- at 480 and 516 nm, almost similar to the phosphorescence
erature reports on keto-enol tautomerism in the metastablespectra at 77 K and at room temperature except the main
excited state and above luminescent properties, a schematieak at 451 nm, implying that the electroluminescence emis-
energy diagram is depictetFig. 3). This process is fast sion may be originated from the triplet state of the
enough to accompany the short-lived first excited singleenol-formi® and/or the singlet state of the keto-form of
state, the electronic excitation of a normal forid)(in the ~ HOXD after undergoing an ESIPT. Figure 5 shows typical
ground state yields a proton-transferred excited-state taduminance—voltagel(—V) and |-V curves. The maximum
tomer (T*) of the much lower energy. This* relaxes ra- brightness of the EL devices is about 656 ctiamh a driving
diatively or nonradiatively to the metastable ground sfate voltage of 25 V. The turn on voltage is 7 V. The current
which reverts ta\ via reverse proton transfer. In the singlet efficiency of 0.44 cd/A and the luminous effeciency of 0.14
electronic ground state oflOXD, E is the more stable Im/W were gained.
tautomer*® In excited statéK* is deactivated by three pro- In conclusion, we have designed and synthesized an or-
cesses: fluorescenc* — 1K, intersystem crossingK* ganic light-emitting material exhibiting excited-state in-
—3K*, and a thermally activated proce$K* —'E not tramolecular  proton transfer—@2-hydroxypheny\5-
leading to3K* .67 |In excited triplet state there is a fast phenyl-1, 3, 4-oxadiazoléHOXD), and found its unusual
proton transfer between enol form and keto fdficcord-  luminescent properties in both solution and the solid state.
ingly, HOXD should exhibit two kinds of luminescence be- The intense blue phosphorescence emission is observed in
havior: singlet fluorescence and triplet phosphorescence. the solid state at room temperature and at 77 K. Its electrolu-
Multiple-layer LED device was fabricated with the
structure of ITO/NPB(40 nm/HOXD (20 nm/BCP (10
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FIG. 4. The phosphorescen@®om temperature, dashed line; 77 K, dotted

line), the photoluminescencédash dotted ling and electroluminescence
(solid line) spectra.
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Im/W. This molecular system appears to be representative for
developing the organic light-emitting materials for the phos-
phorescence emission.
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