Applied Physics “
Letters

Observation of red intraligand electrophosphorescence from a stilbene-
containing Re(l) complex
Bin Li, Mingtao Li, Ziruo Hong, Wenlian Li, Tianzhi Yu et al.

Citation: Appl. Phys. Lett. 85, 4786 (2004); doi: 10.1063/1.1818727
View online: http://dx.doi.org/10.1063/1.1818727

View Table of Contents: http://apl.aip.org/resource/1/APPLAB/v85/i20
Published by the American Institute of Physics.

Related Articles

Uniform and refreshable liquid electroluminescent device with a back side reservoir
APL: Org. Electron. Photonics 5, 208 (2012)

Magnetic field dependence of the spin relaxation length in spin light-emitting diodes
Appl. Phys. Lett. 101, 112402 (2012)

Uniform and refreshable liquid electroluminescent device with a back side reservoir
Appl. Phys. Lett. 101, 113302 (2012)

Analytical model for current distribution in large-area organic light emitting diodes with parallel metal grid lines
J. Appl. Phys. 112, 054507 (2012)

Inverted top-emitting blue electrophosphorescent organic light-emitting diodes with high current efficacy
APL: Org. Electron. Photonics 5, 202 (2012)

Additional information on Appl. Phys. Lett.

Journal Homepage: http://apl.aip.org/

Journal Information: http://apl.aip.org/about/about_the journal
Top downloads: http://apl.aip.org/features/most_downloaded
Information for Authors: http://apl.aip.org/authors

ADVERTISEMENT

HAVE YOU HEARD ?

Employers hiring scientists [mxgm

and engineers trust |&
physicstoday JOBS

http://careers.physicstoday.org/post.cfm

Downloaded 11 Sep 2012 to 159.226.165.151. Redistribution subject to AIP license or copyright; see http://apl.aip.org/about/rights_and_permissions


http://apl.aip.org/?ver=pdfcov
http://careers.physicstoday.org/post.cfm
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Bin Li&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Mingtao Li&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Ziruo Hong&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Wenlian Li&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Tianzhi Yu&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.1818727?ver=pdfcov
http://apl.aip.org/resource/1/APPLAB/v85/i20?ver=pdfcov
http://www.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4749791?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4752162?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4749791?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4749419?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4750141?ver=pdfcov
http://apl.aip.org/?ver=pdfcov
http://apl.aip.org/about/about_the_journal?ver=pdfcov
http://apl.aip.org/features/most_downloaded?ver=pdfcov
http://apl.aip.org/authors?ver=pdfcov

HTML AESTRACT * LINKEES

APPLIED PHYSICS LETTERS VOLUME 85, NUMBER 20 15 NOVEMBER 2004

Observation of red intraligand electrophosphorescence from a stilbene-
containing Re (I) complex

Bin Li, Mingtao Li, Ziruo Hong, Wenlian Li,a) Tianzhi Yu, and Hanzhi Wei

Key Laboratory of Excited State Processes, Chinese Academy of Sciences, Changchun 130033,
People’s Republic of China and Changchun Institute of Optics, Fine Mechanics and Physics, Chinese
Academy of Sciences, Changchun 130033, People’s Republic of China

(Received 10 May 2004; accepted 28 September 004

Red organic light-emitting diodes using a rhen{m bipyridyl complex, fac
[CIRe(CO)4(trans-4-methyl-4 -(2-4-octadecyloxylphenyinyl)-2,2r-bipyriding] (Re-mopvh, as

an emitter were fabricated. The optimized device has a bilayer structure of indium-tin oxide/
poly(N-vinylcarbazolg: 2 wt. % Re-mopvi{80 nm)/2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline

(50 nm)/LiF (1 nm)/Al (150 nm). Although no photoluminescence from Re-mopvb in the
room-temperature solution appeared due to photoinduced isomerization, a bright red
electrophosphorescence from an intraligand excited state of Re-mopvb was observed at room
temperature, indicating the promising future of such a class of electroluminescent materials. The
maximum luminance exceeding 120 cd/at 11 V and maximum efficiency of 0.75 cd/A at 7.5 V
were obtained. €004 American Institute of Physid©OI: 10.1063/1.1818737

Employment of transition metal complexes as emitters inthat the EL can also be obtained from some non-PL materials
organic light-emitting diodesOLEDs) has become one of at RT. Our finding is helpful to exploit some types of EL
the most important subjects in the last few yeatésince  materials and understand the EL mechanism deeply.
many of them have excellent photoluminesce(fk) prop- Re-mopvb, which contains stilbene moiety, was selected
erties and potential advantages of achieving maximum interin this study and prepared according to a literature
nal quantum efficiency up to 1008ighly efficient OLEDs proceduref‘.6 The chemical structure is depicted in Fig. 1.
based on the Ir complexesind Pt complexéshave been The introduction of a long hydrocarbon chain into the com-
extensively studied. In addition, recent research results indiplex improves the solubility of Re-mopvb in the
cate that R@) complexes can also serve as a class of elecpoly(N-vinylcarbazolg¢ (PVK)-containing organic solvent,
trophosphorescent materidl¢? because they feature high i.e., chloroform, and the compatibility between the complex
room-temperature(RT) phosphorescence quantum yield, and the PVK host, making Re-mopvb homogeneously dis-
relatively short excited state lifetime, and excellent thermaperse in the PVK film by spin castirg.
stability.> Most of these studies are focusing on the typical ~ As shown in Fig. 2, the electronic absorption spectrum
metal-to-ligand charge transféMLCT) emission of the tri- Of Re-mopvb in CHCI, at RT exhibits a high-energy band
carbony{diimine) rheniunil) complexed 22 However, the ~centered around 297 nm and a low-energy absorption band
electroluminescentEL) properties of the intraligandIL) centered at 367 nm with a shoulder centered at 400 nm. The
triplet excited state of the R complexes containing the high-energy absorption band is tentatively ascribed to a
stilbene, stilbazoles, or related olefin moieties, have not been
reported. This could be attributed to efficient photoinduced OCsaHar
isomerization in RT solutions upon photoexcitation, leading
to nonemissive behavior. Comparing with the ligands, al-

though the introduction of the heavy metal Re enhances the HeG =
radiative relaxation of the triplets, the photophosphorescence \*, /N
from these kinds of I?é) complexes can be observed only in NS
low-temperature glas$*® Because the EL mechanism is Re(CO)CI

generally consistent with that of PL, people usually select
highly efficient PL materials as emissive centers in OLEDs,
and a number of highly efficient OLEDs based on the highly

efficient PL materials have been obtained. Nevertheless, Re-mopvb
there are exceptional cases in which dominant mechanisms

during electric and optical processes are different. It makes

possible that some compounds without PL emission in the Al(150nm)

given conditions may also exhibit EL behavior. However, LiF(1nm)

there are no reports on the usage of such compounds as emis- BCP(50nm)

sive centers in OLEDs. Herein, we report a bright red EL
device based on a stilbene-containing(IReomplex which
shows no photophosphorescence in a RT solution. It implies

PVK:Re complex(80nm)

3Electronic mail: wllioel@tom.com FIG. 1. Chemical structure of Re-mopvb and device configuration.
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properties and compatibility, and also guarantees the suffi-
cient dispersion of metal complexes to avoid “concentration
quenching”. BCP is the hole-blocking and electron-
20 | transporting layer that confines charge recombination zone
within the doped PVK layer. The BCP and electrode layers
15 - LiF/Al were deposited on the PVK film in a chamber under
10* Pa during one pump down.
10 It was found that the doping concentration of Re-mopvb
in PVK significantly affected the EL performance, such as
emission spectra, and charge injection. The optimization of
0 , , , . the doping concentration was first carried out. When the con-
250 300 350 400 450 500 centration of Re-mopvb was higher than 4 wt. %, maybe due
to aggregation or serious triplet—triplet annihilation of
Re-mopvb? merely very low luminance was observed. 1
wt. % concentration of Re-mopvb resulted in a purplish-blue
fluorescence peak at around 420 nm, which came from the
PVK host. The 2 wt. % Re-mopvb-doped PVK device was
—r IL transition of mopvb, and the low-energy absorption optimal, which exhibited the best EL performance, The cor-
band is assigned to théw (Re) — = (mopvh MLCT responding EL spectrum at RT shown in Fig. 3 is similar to
transition*®*® However, the extinction coefficient of the low- that of the PL in 77 K glasses. This demonstrated that the EL
energy absorption band in the order of tBn® mol" cmilis  emission originated from 3L excited state of Re-mopvb in
much larger than those for typical MLCT transitions the doped layer, and the isomerization of Re-mopvb did not
(~10° dm® mol~* cmiY), so the low-energy absorption band occur in solid film upon electric excitation.
of Re-mopvb is accordingly assigned as an admixture of the The bandwidth of EL spectrum of Re-mopvb at RT was
d7 (Re)— o (mopvb MLCT transition andr— = ILtran-  broader than that of PL in 77 K glasses, which could be
sition of ligand mopvb. attributed to both the temperature-induced homogeneous
Re-mopvb was found to be nonemissive in degassefiroadening of the charge transfer states and inhomogeneous
dichloromethane solution at RT upon irradiation at differenteffects of the highly amorphous film.
wavelength but emissive in frozen glasshat 330 nm due Why can non-PL Re-mopvb in a solution display EL
to efficient trans-cis isomerization process in RT behavior at RT? It is mainly due to different excitation
solution®° The emission spectrum of Re-mopvb in EtOH/ mechanisms. For PL, excitation energy originated from pho-
MeOH (4:1 v/v) glass at 77 K showed vibronic structures ton absorption—of which irradiation changed the chemical
with vibrational progressional spacings-©f1260 cm* (Fig.  structure of Re-mopvb—resulting in the nonemissive behav-
3), typical of the ring G—H deformation vibrations in the ior. But the energy of the EL excitation originated from ex-
ground state. Therefore, the emission of Re-mopvb in 77 Kcitons, upon which the excitation of the chemical structure of
was assigned to th#L excited state. It was proposed that the Re-mopvb was retained. In addition, the PVK matrix limited
presence of an efficient photosensitization pathway, i.e., inthe isomerization and the triplet—triplet annihilation. It was
tramolecular energy transfer from tHMLCT state to the believed that the PVK matrix was helpful to restrain the ro-
3IL, should be responsible for such an observation. tation around the double ethylenic botdhindering the
The EL properties of Re-mopvb were studied using bi-isomerization of Re-mopvb to a certain extent. However, the
layer structure of indium-tin oxide/PVKk wt. % Re-mopvb PL emission of 2 wt % Re-mopvb-doped PVK at RT was
(80 nm/ 2,9-dimethy-4,7-diphenyl-1,10-phenanthroline very weak. As shown in Fig. 3. This phenomenon can be
[(BCP) 50 nmi/LiF (0.5 nm/Al (150 nm) shown in Fig. 1. explained as follows: The dominant purplish-blue emission
The PVK film-doped Re-mopvb acted as the light-emittingfrom PVK suggested that energy transfer from the PVK host
layer. PVK has the advantages of excellent film-formingto Re-mopvb was inefficient in the PL case, while direct
charge recombination on Re-mopvb sites gave rise to bright
red emission in the EL case. Another possible reason could
—o—EL
80} § —&—PL of glass state
Sﬁ —o—PL of film
40
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FIG. 2. The absorption spectrum of Re-mopvb in £CH solution.
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be the oxygen-induced quenching effect of the phosphores-
cence that remarkably decreases PL interfSityowever in
EL case, the sealed Re-mopvb may effectively prevent
quenching effect, bringing in a relatively strong emission.
Figure 4 shows the current density—brightness—voltage
characteristics foa 2 wt % Re-mopvb-doped PVK device.
Red EL emission of Re-mopvb under 7 V bias was observed,
and a maximum brightness of 121 cd/cat 11 V and maxi-
mum efficiency of 0.75 cd/A at 7.5 V were achieved.
Shown in the inset of Fig. 4 is the effect of doping con-
) , i centration on the current-voltagke-V) characteristics of the
400 450 500 550 600 650 700 EL devices. Generally, PVK and BCP films function as effi-
cient charge-blocking layers for electrons and holes, respec-
Wavelength (nm) tively. By increasing the doping concentration of Re-mopvb
FIG. 3. EL spectrgO); PL specira of Re-mopvb in glass staie) and 2 from 1 to 4 wt%, the current density monotonously in-
wt % Re-mopvh:PVK blend filmg). Excitation at 330 nm. creased at same driving voltage, indicating that the dopant
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