AlP | e ™

White light emission from blends of blue-emitting organic molecules: A general route
to the white organic light-emitting diode?
J. Thompson, R. I. R. Blyth, M. Mazzeo, M. Anni, G. Gigli, and R. Cingolani

&

Citation: Applied Physics Letters 79, 560 (2001); doi: 10.1063/1.1388875

View online: http://dx.doi.org/10.1063/1.1388875

View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/79/5?ver=pdfcov
Published by the AIP Publishing

Articles you may be interested in
Tuning of emission color for blue dendrimer blend light-emitting diodes
Appl. Phys. Lett. 85, 1463 (2004); 10.1063/1.1784521

Organic single-layer white light-emitting diodes by exciplex emission from spin-coated blends of blue-emitting
molecules
Appl. Phys. Lett. 82, 334 (2003); 10.1063/1.1531217

Bright and efficient exciplex emission from light-emitting diodes based on hole-transporting amine derivatives and
electron-transporting polyfluorenes
J. Appl. Phys. 91, 10147 (2002); 10.1063/1.1481203

Efficient polymer light-emitting diodes using conjugated polymer blends
Appl. Phys. Lett. 80, 1891 (2002); 10.1063/1.1459770

Highly efficient blue-green emission from organic light-emitting diodes using dibenzochrysene derivatives
Appl. Phys. Lett. 77, 160 (2000); 10.1063/1.126910



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-37/1978199800/x01/AIP-PT/APL_ArticleDL_111914/PT_SubscriptionAd_1640x440.jpg/6c527a6a713149424c326b414477302f?x
http://scitation.aip.org/search?value1=J.+Thompson&option1=author
http://scitation.aip.org/search?value1=R.+I.+R.+Blyth&option1=author
http://scitation.aip.org/search?value1=M.+Mazzeo&option1=author
http://scitation.aip.org/search?value1=M.+Anni&option1=author
http://scitation.aip.org/search?value1=G.+Gigli&option1=author
http://scitation.aip.org/search?value1=R.+Cingolani&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.1388875
http://scitation.aip.org/content/aip/journal/apl/79/5?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/85/9/10.1063/1.1784521?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/82/3/10.1063/1.1531217?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/82/3/10.1063/1.1531217?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/91/12/10.1063/1.1481203?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/91/12/10.1063/1.1481203?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/80/11/10.1063/1.1459770?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/77/2/10.1063/1.126910?ver=pdfcov

APPLIED PHYSICS LETTERS VOLUME 79, NUMBER 5 30 JULY 2001

White light emission from blends of blue-emitting organic molecules:
A general route to the white organic light-emitting diode?
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We show that all possible binary combinations of molecules from four different families of
organics—a diamine derivativey,N’-bis(3methylphenykN,N’-diphenylbenzidine, an oxidiazole
derivative, 2¢4-biphenyly)-5-(4-tert-butylphenyt1,3,4-oxadiazole, a substituted thiophene
dioxide, 2,5-bigtrimethylsilyl thiopheng1,1-dioxide, and pol§@-vinylcarbazolé—produce white

or near-white emission. We suggest that this is due to exciplex formation, and that this is likely to
be a general phenomenon for blends of blue-emitting aromatic organics. This implies that films of
spin-coated blends of blue-emitting organics represent a general, simple, and cheap route to
white-emitting organic light-emitting diodes. @001 American Institute of Physics.

[DOI: 10.1063/1.1388875

Organic light-emitting diode$LEDs) potentially repre- its blends, while dichloromethane was used for all others.
sent a cheap route for display technology, and may also havéllms were spin coated onto quartz glass substrates, and pho-
applications in the lighting industry, for which the white light toluminescence spectra excited by a He:Cd la3er325
market is the largest. In general, to obtain white light emis-nm). UV/visible absorption spectroscopy was performed us-
sion, two or more colors must be combined, i.e., a high ening a Varian/Cary spectrophotometer.
ergy emitter(e.g., blu¢ and a relatively low-energy emitter Photoluminescence spectra of the six blends are shown
(e.g., green/yellow This can be done using a multilayer in Fig. 2. All the blends, with the exception of PVK/PBD
structure including two(or more different emitting mol-  show broadband emission in the visible range, dominated by
ecules, usually fabricated by sequential evapordtioAn  peaks which cannot be assigned to the individual molecule
alternative is to use a spin-coated blend of tf@o more
soluble organics, which is clearly advantageous from the
perspectives of both cost and ease of fabrication. A problem
with the latter method is that often the higher-energy emis-
sion will overlap with the absorption band of the low-energy
emitting molecule, with the resulting Foerster transfer lead-
ing to emission only from the low-energy molecdle.

In this letter we suggest that, in fact, a general method to
obtain white emission is to spin coat a blend of two organic
molecules,both of whose individual emissions lie in the
blue. We show that all possible binary combinations of four
different blue emitting organic molecules, from four different
families of molecules, produce white, or near-white emis-
sion.

The structures and photoluminescence spectra of the
four materials are shown in Fig. 1. They were a
diamine derivative, TPDN,N’-bis(3-methylphenyFN,N’-
diphenylbenzidine, an oxidizaole derivative, PBD,(42-
biphenyly)-5-(4-tert-butylpheny}1,3,4-oxadiazole, a sub-
stituted thiophene dioxide, STO, 2,5-firgmethylsilyl
thiopheng-1,1-dioxide, and the poly-carbazole PVK, p@y
vinylcarbazol¢. TPD, PBD, and PVK were obtained from Q
Aldrich and used without further purification. STO was syn- gﬁb

Intensity (arb. units)

thesized and purified as described in Ref. 4. Equimolar solu- TPD
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dAuthor to whom correspondence should be addressed; electronic maiFIG. 1. Photoluminescence spectra in solution, and structures, of the mol-
julie.thompson@unile.it ecules investigated are shown.
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FIG. 3. CIE chromaticity diagram, with the coordinates of the spectra of
Fig. 1 (1=TPD, 2=PVK, 3=PBD, and 4STO) and Fig. 2(A=PVK
PVK + PBD +PBD, B=STO+PBD, C=PBD+TPD, D=PVK-+TPD, E=PVK+STO,
and =TPD+STO) are shown.

STO + PBD

5c|)0 6(I)O 7(|)o 800
Wavelength (nm) spectrum of TPD-STO, Fig. 4d), has the same form as the
absorption spectrum of TPD, Fig(a}, rather than that of

FIG. 2. Photoluminescence spectra of spin-coated films of the blends i”diSTO, Fig. 4b) This is consistent with the electron affinities,
cated are shown. .

3.0 eV for STO® and 2.4 eV for TPD 2.4,since the donor

molecule is required to have the lower electron affinity, as
emissions shown in Fig. 1. The result of the broadband nashown in Fig. 5. Exciplex formation is favored where there is
ture of the spectra of Fig. 2, combined with the residual bluesignificant spatial overlap between the lowest unoccupied
emission, is that the emissions appear to be white—almosholecular orbitals(LUMOs) of the constituent speciés,
pure white in the case of TPD/STO, with hints of yellow,
green, or blue for the other blends. To quantify these obser-
vations, chromaticity coordinates, using the Commision In-
ternationale I'EclairagdCIE) (1931 color matching func-
tions, were calculated from the spectra of Figs. 1 and 2, and
are plotted on the diagram of Fig. 3. The solid oval in Fig. 3
indicates the approximate area where the human eye per-
ceives the color as white. Note that the coordinates of all the
blends lie well outside the gamut of colors that can be
formed by a superposition of two or more of the individual
molecules.

UV/visible absorption spectroscopy of the spin-coated
films indicated the absence of any new chemical species that
might give rise to redshifted emission. For example, the ab-
sorption spectrum of the TPESTO film, Fig. 4a), shows
no new features compared to the spectra of the individual
components, Figs. () and 4c). A broadband, redshifted
emission spectrum, with no new chemical species formed, is
characteristic of exciplex formatichAn exciplex is a com-
plex formed between the excited state of a molecule and the
ground state of a different molecule, as shown in Fig. 5.
Excitation of the molecule with the lowest electron affinity, (a)
the donor, is followed by electron transfer to the other mol- —————
ecule, the acceptor. The resulting complex electron—hole pair 250 300 350 400 450 500 550 600
can then decay via photon emission, considerably redshifted
compared to that from either of the individual molecules.
The donor molecule can be identified from the photolumi-gi 4. Apsorption snectra @& TPD+STO film, (b) STO, andc) TPD are
nescence excitatiofPLE) spectrum: for example the PLE shown. PLE spectrurtd) of TPD+STO is presented.
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Vacuum level which remains dominated by the blue emission of the indi-
ATy A vidual molecules, clearly shows exciplex formation. Our re-
sults show that it is not limited to polymer—polymer blends,
nor to interfaces. It is likely that fine tuning of the composi-
tion of the blends could produce truer white, or colored near-
whites as required. We conclude that blends of blue-emitting
molecules may represent a simple, cheap, and general
method to obtain white emission from organic LEDs.

This work was partially supported by MURST. The au-
thors thank G. BarbarelldCoCEA, Bologna for the STO.

Energy relative to vacuum level

HOMO v

HOMO v L. Zugang and H. Nazare, Synth. Mdfl1, 47 (2000.
Donor Acceptor 27. Xie, Y. Li, J. Huang, Y. Wang, C. Li, S. Liu, and J. Shen, Synth. Met.

106, 71 (1999.

FIG. 5. Energy level diagram showing the mechanism of exciplex formation *M. Anni, G. Gigli, V. Paladini, R. Cingolani, G. Barbarella, L. Favaretto,

is shown.Ap, Ip and A, |, are the electron affinities and ionization ~ G. Sotgiu, and M. Zambianchi, Appl. Phys. Lef, 2458(2000.

potentials of the donor and acceptor molecules, respectively. “G. Barbarella, O. Pudova, C. Arbizzani, M. Mastragostino, and A.
Bongini, J. Org. Chem63, 1742(1998.

o . . SA. Horvath and K. L. Stevenson, Coord. Chem. RE53 57 (1996.
which is clearly the case for conjugated organics, WhOSE¢G. Barbarella, L. Favaretto, G. Sotgiu, M. Zambianchi, L. Antolini, E. A.
LUMOs are highly delocalizedr orbitals. Exciplex forma-  Marseglia, E. Tedesco, G. Gigli, and R. Cingolani, Synth. Mé6, 47

tion between electroactive polymers was observed severa(2000- o
&2 but they are still relatively little studied in the  C,Hosokawa. H. Hishagi, H. Nakamura, and T. Kusumoto, Appl. Phys.
years ago;” bu y y Lett. 67, 3853(1995.

field of organic LEDs, although exciplex formation at the 3. A. Osaheni and S. A. Jenekhe, Macromolec@&s739 (1994.
organic—organic interface has been observed in isolatedS. A Jenekhe and J. A. Osaheni, Scie@68, 765 (1994).

10
for multil r Vi —13in ludin I ne whi J. F. Wang, Y. Kawabe, S. E. Shaheen, M. M. Morrell, G. E. Jabbour, P. A.
cases 1o ultlaye de Cég’ clud g atleast one te Lee, J. Anderson, N. R. Armstrong, B. Kippelen, E. A. Mash, and N.

emitting device' ' Peyghambarian, Adv. Matet0, 230 (1998.
Given that all electroactive molecules have the delocal¥'D. D. Gebler, Y. Z. Wang, J. W. Blatchford, S. W. Jessen, D. K. Fu, T. M.
ized 7 orbitals which favor their formation, we suggest that Swagar, A. G. McDiarmid, and A. J. Epstein, Appl. Phys. L&0, 1644

; ; ; hite (1997,
the occurrence of exciplexes, leading to white or near whltqu_ Noda, H. Ogawa, and Y. Shirota, Adv. Matet, 283 (1999.

emissior_1, .is likely to be a general phenomenon in blendeasy  itano, H. Ogawa, and Y. Shirota, Appl. Phys. L&t2, 636 (1998.
blue-emitting organics. Note that even the PVK/PBD blend*C.-I. Chao and S.-A. Chen, Appl. Phys. L€i8, 426 (1999.



