
Sensitized photo- and electroluminescence from Er complexes mixed with
Ir complex
Dongyu Zhang, Wenlian Li, Bei Chu, Xiao Li, Liangliang Han et al. 
 
Citation: Appl. Phys. Lett. 92, 093501 (2008); doi: 10.1063/1.2889473 
View online: http://dx.doi.org/10.1063/1.2889473 
View Table of Contents: http://apl.aip.org/resource/1/APPLAB/v92/i9 
Published by the American Institute of Physics. 
 
Related Articles
Nanoscale fluorescence imaging with quantum dot near-field electroluminescence 
Appl. Phys. Lett. 101, 043118 (2012) 
Blue light emitting diode internal and injection efficiency 
AIP Advances 2, 032117 (2012) 
Enhancement of hole injection and electroluminescence characteristics by a rubbing-induced lying orientation of
alpha-sexithiophene 
J. Appl. Phys. 112, 024503 (2012) 
Study of field driven electroluminescence in colloidal quantum dot solids 
J. Appl. Phys. 111, 113701 (2012) 
Indium incorporation and emission properties of nonpolar and semipolar InGaN quantum wells 
Appl. Phys. Lett. 100, 201108 (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 

Downloaded 09 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=Dongyu Zhang&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=Bei Chu&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=Xiao 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=Liangliang Han&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.2889473?ver=pdfcov
http://apl.aip.org/resource/1/APPLAB/v92/i9?ver=pdfcov
http://www.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4739235?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4739409?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4735402?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4720377?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4719100?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


Sensitized photo- and electroluminescence from Er complexes mixed
with Ir complex

Dongyu Zhang,1,2 Wenlian Li,1,2,a� Bei Chu,1,2,b� Xiao Li,1,2 Liangliang Han,1,2

Jianzhuo Zhu,1,2 Tianle Li,1,2 Defeng Bi,1,2 Dongfang Yang,1,2 Fei Yan,1,2 Huihui Liu,1,2

and Dan Wang1,2

1Key Laboratory of Excited State Processes, Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, Changchun 130033, People’s Republic of China
2Graduate School of Chinese Academy of Sciences, Beijing 100039, People’s Republic of China

�Received 18 December 2007; accepted 8 February 2008; published online 3 March 2008�

We investigated the sensitized effect of fac-tris�2-phenylpyridine� iridium �Ir�ppy�3� on
tris-�dibenzoylmethanato�-mono-�bathophenanthroline� erbium �Er-DB� for 1.5 �m near-infrared
emission. Compared with the neat Er-DB film, the blend film composed of Er-DB and Ir�ppy�3

with a 1:1 of the weight ratio shows 20 times and 4 times enhancement on intensity of
photoluminescence �PL� and electroluminescence �EL�, respectively. The improvement in both PL
and EL intensities was conjectured to be the result of the energy transfer from Ir�ppy�3 to Er-DB
complex, and the detailed mechanisms of the enhancement were also discussed. © 2008 American
Institute of Physics. �DOI: 10.1063/1.2889473�

The organic light emitting diodes �OLEDs� emitting vis-
ible light have been investigated considerably.1–3 The elec-
troluminescence �EL� of OLEDs at near-infrared �NIR�
region also attracts increasing attention because of its appli-
cations in optical communication networks, low-cost NIR
light sources, IR amplifiers, etc.4–7 The NIR emissions from
trivalent Nd, Yb, Er, and Pr complexes have been reported in
both photoluminescence �PL� and EL cases.8–11 Among these
NIR emissions, the 1.5 �m emission was particularly attrac-
tive for its good agreement with the efficient working win-
dow of a quartz fiber.12,13 Therefore, the development of ma-
terials operating at 1.5 �m, for example, the EL emission
from Er-complex based OLEDs,12 has become an interesting
subject. Unfortunately, the NIR EL emission still behaves
weak, that is, it can only be obtained at high driving bias
voltage.11,12 Therefore, it is necessary to select a method to
sensitize the NIR emission from Er3+ ion in its complex. A
potentially and a more versatile approach with clear advan-
tages uses transition-metal chromophores, which strongly ab-
sorbs, as antenna. A transition metal complex, fac-tris�2-
phenylpyridine� iridium �Ir�ppy�3� has very strong charge-
transfer absorptions at a range of wavelengths that span the
visible region with extinction coefficients of the order of
104 M−1 cm−1 and can offer 510 nm emission.14,15 We can
expect that the increasing NIR emission from Er complex
can be attained if a feasible sensitized luminescent systems
of PL and EL could be design.

In this letter, we demonstrate the improvements of
the PL and EL intensities of Er3+ ion in tris-
�dibenzoylmethanato�-mono-�bathophenanthroline� erbium
�Er-DB� blended with the phosphor, i.e., fac-tris�2-
phenylpyridine� iridium �Ir�ppy�3� �called blend film, hereaf-
ter�, at different mixing ratios. As a result, in comparison
with the Er-DB based neat film and its device, the maximum
NIR PL and EL intensities at 1.5 �m from Er3+ ion of the

corresponding blend film with 1:1 weight ratio increase by
20 and 4 times, respectively.

Er-DB was synthesized in our laboratory, while other
chemicals were obtained from chemical companies. A series
of blend films with different mixed ratios was deposited on
cleaned quartz substrates by thermal evaporation and all of
the films were kept to have a thickness of 100 nm in order to
determine the PL spectra. For the device, organic films and
Al cathode were deposited on indium tin oxide �ITO� glass
substrate with a sheet resistance of 25 � /� by thermal
evaporation in a vacuum chamber with a base pressure of
�5.0�10−4 Pa. The evaporating rate was kept at 2–3 Å /s
for organic layers and 10 Å /s for alloy cathode, respectively.
The made-up devices were encapsulated in dried nitrogen
ambient. NIR �700–1600 nm� and visible �400–750 nm�
spectra were measured on a Biorad PL-9000FT spectrometer
equipped with a liquid-nitrogen-cooled Ge detector and a
Hitach-4000 fluorescence spectrophotometer at room tem-
perature, respectively. For the PL measurement in the NIR
range, a 488 nm Ar-ion laser with an incident energy density
of 30 mW /cm2 was used as the excitation source.

Firstly, the PL spectrum of the blend films with different
mixed ratios were determined under 480 nm laser excitation,
as indicated in Fig. 1. We can note that the relative emission
intensity of Er3+ ions at around 1.5 �m, which was ascribed
to the 4I13/2 to 4I15/2 transition,16 increases with increasing
Ir�ppy�3 content until the concentration exceeds that of Er-
DB. The maximum relative intensity occurs in the blend film
with 1:1 weight ratio. Meanwhile, the neat Er-complex film
only offers weak EL emission, as shown in inset of Fig. 1.

The enhancement mechanism in NIR emission from Er3+

ion by the blended Ir complex can be understood as follows.
Under 488 nm laser excitation, 1.5 �m emission of Er3+ ion
in Er-DB neat film was well known to be directly excited to
the f-f absorption rather than to the ligand due to the ligand
absorption band located at high energy region. However, the
f-f transition is forbidden,16 therefore, the neat Er-complex
film only emits weak NIR emission at 1.5 �m. In order to
explore the enhancement mechanism, we determined the ab-
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sorption spectrum of Er-DM and Ir�ppy�3 in the chloroform
solution at room temperature. The absorption spectra display
that the former has a stronger absorption but the latter has no
absorption in the 400–500 nm region, as indicated in Fig. 2.
We also measured the excitation spectrum of the chloroform
solutions of Ir complex for its 510 nm emission, which also
exhibits an obvious overlapping between excitation band
and the excitation light of 488 nm laser, as shown in inset of
Fig. 2. This shows that the Ir complex must be efficiently
excited by 480 nm light of the laser. The 3MLCT �19.9
�103 cm−1�15 of the Ir complex belongs to allow absorption
transition due to the strong spin-orbit coupling on Ir, giving
the formally spin-forbidden 3MLCT an intensity comparable
to the allowed 1MLCT,17,18 which is much larger than that of
f-f absorption transition in RE3+-complex. Namely, under
excitation of 488 nm laser, corresponding to an energy of
20.5�103 cm−1, the Ir�ppy�3 with the lower 3MLCT was
intensively excited and then relaxed via fast interconversion
from 20.5�103 cm−1 to 3MLCT level. The energy on
3MLCT can be transferred to the triplet level of the first
ligand of Er-DB �T1 of DBM� via intermolecular energy
transfer �endothermic reaction�.19,20 The energy on T1 of
DBM is transferred to the higher level �2H11/2� of the Er3+

ion emitting level �4I13/2� via intramolecular energy transfer
in succession. Finally, the energy at 2H11/2 level experiences
a fast nonradiative decay, i.e., interconversion, to the 4I13/2
level, then it decays to the ground state by emitting NIR light
at 1540 nm, as shown in Fig. 3.

Due to the maximum emission of Er3+ ion that was
achieved in the blend film with 1:1 mix ratio, as shown in
Fig. 1, indicating that the NIR intensity is sensitive to the
distance between donor and acceptor, we speculate that the
energy transfer from Ir�ppy�3 to the T1 of DBM appears to be
Dexter energy transfer mechanism.21 To confirm our specu-
lation, another blend film mixed Er-DB with tris�8-hydroxy-
quinoline� aluminum �1:1�, which have a similar PL spec-
trum to Ir�ppy�3, was made and measured in the same run,
but no enhancement at 1.5 �m emission was observed �the
result is not shown here�. In other words, under 488 nm laser
excitation, the highly absorbing Ir�ppy�3 would be excited so
that Dexter energy transfer to the T1 of DBM occurs, which
is in favor of the Er3+ ion emission, but Forster energy
transfer22 that depends on the overlapping between donor
emission and acceptor absorption can be ignored.

In terms of the improvement in PL, the EL enhancement
of Er3+ ion emission from Er-DB mixed with Ir�ppy�3 was
also explored. We constructed the devices with structure of
ITO /m-MTDATA �10 nm� /NPB �30 nm� /Er-DB:Ir�ppy�3

�x wt % , 40 nm� / Bath �30 nm� / LiF �1 nm� /Al �120 nm�,
here m-MTDATA, NPB, and Bath denote
4 ,4� ,4�-tris�3-methyl-pheny�phenyl�-amino� triphenyl-
amine, 4 ,4�-bis�N-�1-napthyl�-N-phenyl-amino�-biphenyl,
and 4,7-diphenyl-1,10-phenanthroline, respectively, which
work as the hole injection, hole transporting, and the hole
blocking/electron transfer layers, respectively, as well x=0
and 50, respectively. The devices with x=0 and 50 were
called as the reference and optimal device, respectively. Due
to the fact that the optimal mass ratio in the PL of blend film
is 1:1, the same mass ratio was also used for the fabrication
of the optimized device. Figure 4 indicates the NIR EL emis-
sion spectra of the device with x=0 and 50. In the same
manner as PL, the optimal device with blend film as EML
exhibits four times higher EL intensity at 1.5 �m than that of
the reference device, as shown in Fig. 4. This finding should
be ascribed to the sensitization by the Ir complex. On the
other hand, weak visible green emission from Ir�ppy�3 can be

FIG. 1. �Color online� The PL spectrum of neat Er-DB and blend films with
different mixed ratios. Inset: the partial PL spectrum of neat and blend film
with 14:1 mixed ratio.

FIG. 2. �Color online� The absorption spectrums of Er-DB and Ir�ppy�3.
Inset: the excitated spectrum of Ir�ppy�3 for 514 nm. All spectra are mea-
sured in chloroform solution at room temperature.

FIG. 3. The energy level scheme of Er-DB and that of Ir�ppy�3 accompanied
with the proposed PL process.
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determined although the energy transfer from 3MLCT of
Ir�ppy�3 to Er complex presents. Unlike the PL process, un-
der electrical driving, the singlet and triplet of Er complex
and Ir complex would be excited simultaneously, then their
energies were transferred to Er3+ ion via different paths, but
the final 1.5 �m emission form Er3+ ion results from the
same resonant level as the above-mentioned PL emission.
More detailed process is under study.

In summary, we demonstrate the PL and EL improve-
ment on 1.5 �m emission from Er3+ ion in Er-DB complex
mixed with Ir�ppy�3. In the blend film with 1:1 weight ratio
and the related device, 20 and 4 times PL and EL relative
intensity enhancements compared with that in the neat
Er-DB film were achieved, respectively. These enhancements
were attributed to the intermolecular energy transfer from

Ir�ppy�3 to the T1 of DBM. It is expected that the device
design discussed in this work could also be useful for devel-
oping highly efficient RE3+ complex device using other
phosphor materials. Besides, the sensitized NIR emission un-
der excitation of a visible light will be applied for lumines-
cent mark of some certificates.

This work was supported by the National Natural Sci-
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FIG. 4. �Color online� The EL spectra of reference and optimal devices at
16 V. Inset: the proposed EL energy transfer process in optimal device.
Under electrical excitation, the S1 and T1 levels of the first ligand of Er-DB,
as well as S1, 1MLCT, and 3MLCT levels of the Ir�ppy�3 were possibly
excited. Then, S1→T1 in Er-DB and S1, 1MLCT→ 3MLCT in Ir�ppy�3 occur
via ISC, respectively. The energy on 3MLCT of Ir�ppy�3 was transferred to
T1 of DBM by intermolecular energy transfer in succession. Then, 2H11/2
level was firstly excited via intramolecular energy transfer from T1 of DBM
because of the favorable energy alignment between them. Finally, the inter-
nal conversion from 2H11/2 to 4I13/2 levels, followed by relaxation to the
ground state were created, and the enhanced NIR emission at 1540 nm was
achieved.
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