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Abstract: The site isolation of two dyes capable of electronic interaction via Forster energy transfer has
been studied with the two dyes coumarin 343 and pentathiophene encapsulated by dendrons containing
both solubilizing and electroactive moieties. Photoluminescence studies of mixtures of the dendritic dyes
show that at high dendron generation, significant site isolation is achieved with relative emission
characteristics influenced by both the degree of site isolation and the emission quantum yield of the dyes.
Electroluminescence studies carried out in organic light emitting diode devices confirm that color tuning
may be achieved by mixing the two encapsulated dyes in a single layer. However, selective carrier trapping
by one of the core component dyes can dramatically influence the effectiveness of other components in
the device.

Introduction hemes is essential to derive function. Once again, dendrimers

It is well-known that the environment of a chromophore is have been used to perform analogous site isolation, for example,
able to affect its photophysical behavior including its absorption bulky dendrons assembled around a central moiety have been
and emission characteristics. Nature has been able to perfect &sed to prevent the self-aggregation of dye molecules in the
variety of microenvironments to enhance performance by solid stat€® Encapsulating individual chromophores greatly
spatially arranging multiple chromophores with respect to one €nhances their optical properties due to reduced self-quenthing.
another in a highly ordered fashion thereby also maximizing As described below, a challenging test of the ability of
synergism between various specieAlthough proteins are dendrimers to afford site isolation is afforded by light emitting
nature’s main building blocks for the precise assembly of most diodes containing multiple emitters in a single layer.
functional moieties, including chromophores, synthetic systems ~ In an OLED applicatiort, it is difficult to tune the color of
do not benefit from the structural precision achievable with €mission by mixing several light emitting dyes in a single layer
proteins. Recently, dendrimers have been used in an attempt to
build multichromophoric systems that mimic some of the (@ ) A, G M oK M e A o 2 od 000 118 9652
primary events of photosynthesis. Therefore, using a dendritic (c) Wang, P.-W,; Liu, Y.-J.; Devadoss, C.; Bharathi, P.; Moore, Ads.

. . Mater. 1996 3, 237. (d) Shortreed, M. R.; Swallen, S. F.; Shi, Z.-Y.; Tan,
framework, multiple peripheral chromophores can be assembled v xy, 7.; Devadoss. C.; Moore, J. S.; Kopelman,JRPhys. Chem. B.

around a single core unit with which they can “communicate” 1997 101, 6318. () Jiang, D.-L.; Aida, Nature1997 388 454. (f) Aida,
. . . . . T.; Jiang, D.-L.J. Am. Chem. S0d 998 120, 10 895. (g) Sato, T.; Jiang,
via an energy transfer interaction to form a light-harvesting D-L.; Aida, T. J. Am. Chem. Sod999 121 10 658. (h) Balzani, V.:

Campagna, S.; Denti, G.; Juris, A.; Serroni, S.; Venturi,Aéc. Chem.
ant.enné' In such an .anten.na’ the energy harvested at. the Res.199§ 31, 26. (i) Maruo, N.; Uchiyama, M.; Kato, T.; Arai, T.; Akisada,
periphery of the dendrimer is funneled to the core where it is H.; Nishino, N.Chem. CommurL999 2057. (j) Plevoets, M.; Vagle, F.;

ifi isgj Cola, L. D.; Balzani, V.New J. Chem1999 23, 63. (k) Adronov, A.;
reprqcessed, for example_ _through ampllfled_(_:ore emission. In Fréshet J. M. JChem. Commur2000 18, 1701 () Peng. Z. Pan. ¥.:
this instance, the dendritic framework facilitates the com- Xu, B.; Zhang, JJ. Am. Chem. So200Q 122,6619. (m) Weil, T.; Wiesler,

; i ; U. M.; Herrmann, A.; Bauer, R.; Hofkens, J.; De Schryver, F. C.; Mullen,
mumcat.lon between the chromqphores by keeplhg them at an K. J. Am. Chem. So@001 123 8101. (n) Balzani, V.; Ceroni, P.; Juris,
appropriate average distare®ithin the Forster radiusof the A.; Venturi, M.; Campagna, S.; Puntoriero, F.; SerroniC8ord. Chem.

H H H H Rev. 2001, 219, 545. (0) Herrmann, A.; Weil, T.; Sinigersky, V.; Wiesler,
core. _In other mstanc_es, n_ature uses proteins tc_) accompllsh_ site )2\ Vosch. T Hofkens, J.. De Schryver, F. C.~ e, K. Chem. Eur,
isolation of a reactive site, thereby preventing destructive ﬁ/]z%ol 7|,3 4?21%;1853.h(p) ﬁar’gpagnla, S, DFie PiFt’etro, o LoFiseSp, F.;
. . s . . . aubert, B.; McClenaghan, N.; Passalacqua, R.; Puntoriero, F.; Ricevuto,
interaction. This is the case with a variety o_f catalytic enzymes V.; Serroni, S.Coord. Chem. Re 2002 229, 67. (q) Hahn, U.. Gorka,
such as the Cytochromes for which isolation of the catalytic M.; Végtle, F.; Vicinelli, V.; Ceroni, P.; Maestri, M.; Balzani, \Angew.
Chem., Int. EJ2002 41, 3595. (r) Weil, T.; Reuther, E.; Mien, K. Angew.

; . . e " Chem., Int. Ed2002 41, 1900-1904.
" Department of Chemistry, University of California and Materials (3) Kawa, M.; Ffehet, J. M. JChem. Mater1998 10, 286. Zhu, L.; Tong,

Science Division, Lawrence Berkeley National Laboratory. X.; Li, M.; Wang, E.J. Phys. Chem. B2001, 105 2461. Chou, C.-H.;
* Department of Chemistry, University of Southern California. Shu, C.-F.Macromolecule002, 35, 9673.
(1) Glazer, A. N.Annu. Re. Biophys. Biophys. Cheri995 14, 47. (4) Tang, C. W,; VanSlyke, S. AAppl. Phys. Lett1987 51, 913.
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Figure 1. Fluorescent dyes, Coumarin 343 (C343and pentathiophene dicarboxylic ester (T5)used as cores for the dendrimers of this study. The
surrounding dendrons architecture and periphery are shown with a third generation dgtftibfeatures hole transporting (TAA) and solubilizing (alkyl
ether) end-groups.

because energy transfer between the dyes lead to emission solelgontaining not only triarylamine groups, but also solubilizing
from the dye with the lowest HOMGLUMO band gap. In alkyl ether groups at the periphery of the dendrimers to solve
addition, the emitting fluorophores can self-quench via excimer both the solubility and crystallinity problems, enabling the
formation when doped at high concentrations. These problemssynthesis of larger dendrimers for a fundamental investigation
can, at least in principle, be overcome by the use of dendrimers.of the concept of color tuning via site isolation.

For example, a fluorophore surrounded by a dendritic shell of
sufficient size can isolate the emitting moieties from one another,
thereby enabling simultaneous emission from several dyes, as pendrimer Encapsulated Chromophores.Both coumarin
site-isolation should inhibit both energy transfer between dyes 343 (C343) and pentathiophene (T5) labeled dendrimers were
and self-quenchingColor tuning in a single layer device would ytilized to effect the site isolation of light emitting lumophores
be achieved by the proper selection and mixing of dendrimers jn an OLED configuration. The two core dyes were chosen as
with different site-isolated fluorescent dyes as their cores. models primarily on the basis of the overlap of their absorbances
Moreover, the solubility and processing behavior will be greatly with the emission of the peripheral TAA hole transporting
affected by the dendritic shell, allowing for a wide range of mojeties at 425 nm. The dendritic structure we tested in a
dyes to be encapsulated within the dendrimer while peripheral preliminary study* has now been completely redesigned with
structural changes can be used to optimize and control process, periphery containing a combination of alkyl ether grdéps

Results and Discussion

parameters. . . _ . and TAA donors (Figure 1). This combination has enabled the
Recently, a variety of OLEDsin which dendrimers or  construction of much larger dendrimers for a more realistic
dendronized polymers used as both hole transporting{®Bff) testing of dye encapsulation while removing the issues of

electron transporting (EYromponents, as well as unimolecular - solupility and crystallization that earlier plagued film coating
emitters® have been reported. Building upon an early design

of Devadoss et gf® Freeman et &l successfully utilized (5) Shoustikov, A.; You, Y.; Thompson, M..EEEE J. Sel. Top. Quant998
. . . 4, 3.
triarylamine (TAA) HT-labeled poly(benzyl ether) dendrimers (6) Halim, M.; Samuel, 1. D. W.: Pillow, J. N. G.; Monkam, A. P.: Burn, P. L.

possessing Coumarin 343 (C343) and pentathiophene (T5) core - (Sy)nltJIh.I_Met'\.}gng’a_nloz }5&131524. L bW Bum . vt M

. . P a) Halim, M.; Pillow, J. N. G.; Samuel, I. D. W.; Burn, P. 8ynth. Met.
dyes to give blue and green OLEDs, respectively. Initial attempts ™" 1999102’ 922-923. (b) Halim, M.; Samuel, I. D. W. Pillow, Burn, P. L.
to achieve synergistic emission from the two types of dendrimers Synth. Met.1999 102 1113-1114. (c) Lo, S.-C. L.; Male, N. A. H;

by blending them in a single layer were only moderately \“,Avf_"rAkgya_mM;t'e'i'é]('jo'\é"a&%r}'g'_‘;}g\.";Bum’ P.L.; Salata, . V.; Samuel, D.

successful due to detrimental energy transfer from C343 to the (8) Kuwabara, Y.; Ogawa, H.; Inada, H.; Noma, N.; Shirota Adv. Mater.
.. . 1994 6, 677. (b) Satoh, N.; Cho, J.; Higuchi, M.; Yamamoto, X.Am.
smaller band-gap T5. Due to the largérster radius of these Chem. S0c2003 125, 8104,

dyes, energy transfer is an unfortuitous consequence of the small (9) Beﬁ;ggausen, J.; Greczmiel, M.; Jandke, M.; StrohiegiyRth. Met1997

size and flexibility (i.e., poor shielding effect) of the surrounding (10) Shirshendu, K. D.; Maddux, T. M.; Yu, L. Am. Chem. S0d997, 119,

i i 9079. (b) Pogantsch, A.; Wenzl, F. P.; List, E. J. W.; Leising, G.; Grimsdale,
dendrons that were _attached ata3|_ngle point to the lumophores. A C. Millen K. Ady. Mater 3002 14 1061, (¢) Anthopoulos, T D
Attempts to synthesize larger dendrimers were unsuccessful due  Markham, J. P. J.; Namdas, E. B.; Samuel, I. D. W.; Lo, S.; Burn, P. L.

i i ini iarvl- Appl. Phys. Lett2003 82, 4824.

to the poor solubility and |ncreasgd crystalll|n|ty of the tr'laryl (11) () Freeman. A W.: Fohet J. M. J.: Koene, S. C.. Thompson, M. E
amine dendrons beyond generation 2, which resulted in very Polym. Prepr1999 40, 1246. (b) Freeman, A. W.; Koene, S. C.; Malenfant,
poor device performance. In the accompanying report (this P R.L.iThompson, M. E; Fahet, J. M. JJ. Am. Chem. S02000 122
issue), we describe the design and synthesis of novel dendrimerg12) Robinson, M. R.; O'Regan, M. B.; Bazan, G.Chem. Com200Q 1645.
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processes, affected device construction, and limited performance49,000cn*M 1. As mentioned earlier these absorptions overlap
For example a coumarin 343 laser dye could be encapsulatedvell with the emission maximum of TAA at 425 nm (Figure
with 3 generation three [G-3] or generation four [G-4] dendrons 2). The dyes emit at470 nm for C343, and at525 nm for
to form [G-3k-C343, 5, and [G-4}-C343, 6, as shown in T5, via Faster resonance energy transféiPL emission is
Scheme 1. Given the elongated structure of the pentathiopheneroduced by selective excitation of the peripheral TAA groups
chromophore and the availability of new, highly soluble elec- at 350 nm and energy is efficiently transferred into both the
troactive dendrons, we targeted better encapsulation by cappingC343 and T5 cores. The'Eder radius between the C343 and
both ends of the T5 with high generation dendrons (Scheme T5 dyes was calculated to be about 3.8 nm, due to a significant
2). An efficient synthesis was chosen, which simultaneously overlap of the T5 absorption band with the emission of the C343.
forms the T5 core and links properly functionalized dendrimers, It is the prevailing occurrence of such long-range Coulombic
forming the target bis [G-3], [G-4], and [G-5] T5 “dumbbell- interactions that makes large dendrimers necessary to spatially
shaped” dendrimers/( 8, and9, respectively). As a result of  separate the dyes and prevent energy transfer from C343 to T5.
the dendron design with its peripheral energy donating/hole Dendrimers films with film thicknesses ranging between 1100
transporting TAA and solubilizing alkyl ether groups, all the and 1300 A were spun onto glass substrate using chloroform
C343 and T5 dendrimers were fully soluble in common organic as the solvent. Upon inspection under a microscope, the films
solvents and formed homogeneous uniform films suitable for appeared to be consistent and uniform without any observable
OLED'’s. morphological features over the area of the substrate. The alkyl
Photo and Device Emission SpectraAs the main objective surface groups interspersed between the TAA moieties in our
of this study was a determination of the site isolation provided new dendron design provide the desired solubility enhancement,
by our synthetic blueprint, solid-state thin film photolumines- preventing crystallization, and leading to good properties for
cence (PL) and device electroluminescence (EL) studies of thethe spin-coated dendrimer films. Thin film photoluminescence
dendrimers were conducted utilizing different mixtures of C343 experiments conducted with the various mixtures of C343 and
to T5 dendrimers of varying sizes and used in different ratios T5 dendrimers of Table 1 clearly demonstrate that site-isolation
as outlined in Table 1. The C343 has an absorptign at 446 increases as the size of the dendrons surrounding the cores
nm with an extinction coeff_|C|ent of 44 OQO CﬁM_l_’ _and (13) Turro, N. J.Modern Molecular PhotochemistryUniversity Science
T5 absorbs at 425 nm with an extinction coefficient of Books: New York, 1991, p 302.

J. AM. CHEM. SOC. = VOL. 125, NO. 43, 2003 13167
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Table 1. Mixtures of C343 and T5 Dendrimers

composition
mixture C343 T5 C343T5
1 5 ([G-3]) 7 ([G-3]) 1:1
2 5 7 5:1 3
3 5 8([G-4]) 5:1 -
4 5 9([G-4]) 5:1 > L
5 6 ([G-5]) 7 5:1 £ »
6 6 8 5:1 E 0.4 C343 & |
7 6 9 11 E T5 (abs)
8 6 9 31 w .
: i TAA \
9 6 9 5:1 02 if (em) \g- '
0.0 ..f al .* L 3
increases. The PL spectra of dendrimer mixtures 1 and 2 (Figure 200 250 300 350 400 450 500 550 600 650

3) display emission at525 nm corresponding primarily to the Wavelength (nm)

T5 with a very small contribution from C343 a#470 nm, which Figure 2. Normalized PL emission d§ (blue downward-pointing triangle)
increases slightly as the molar ratio bfto 7 increases. As and9 (green upward-pointing triangle). Dendrimer mixture: PL absorbance
expected, the smaller generation 3 (G-3) dendrons provide only(()?'gcgnzqg”ﬁ]“;) iqdr:;‘:sr'g{i‘o(g*fdc‘gg?)%pg;gi;;‘_S'”g'e layer mixture
modest isolation and significant energy transfer occurs from

C343 to T5. Therefore, a second series of films were preparedindication that there is increased average spatial separation
using mixtures of the larger dendrimetsand 9 in the same between the two dendronized dyes.

1:1 and 5:1 molar ratios (mixtures 7 and 9, Table 1). With the A further set of experiments was done in order to investigate
higher generation dendrimers, the increase in the degree of sitethe effect of changing dendrimer size at a constant 5:1 molar
isolation can be seen from the noticeable increase of C343ratio of C343 to T5. Figure 4 shows the PL spectra of the third
emission compared to that observed for the corresponding thirdand fourth generation C343 dendrimess@) with third, fourth,

generation dendrimers. In a 1:1 molar ratio ®fnd 9, the and fifth generation T5 dendrimerg, (8, and9). These results
observed emission for the higher energy C343 chromophore farclearly demonstrate the effect of increasing isolation via an
exceeded that of a 5:1 molar ratio Bfand 7 giving a strong increase in dendrimer size. In the cases where the C343 is

13168 J. AM. CHEM. SOC. = VOL. 125, NO. 43, 2003
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Figure 3. PL emission of mixtures of “small” dendrimebsand7 (mixtures

1 and 2, Table 1), and “large” dendrime&Fand9 (mixtures 7 and 9, Table Figure 5. PL emission o6 and9 at 1:1 molar ratios neat and diluted with
1), in both 1:1 and 5:1 molar ratios of C343: T5 dye cores. polystyrene (showing the % dendrimer by weight), normalized to T5
emission. The offset (upper) spectrum was generated by summing the spectra

6 of pure samples 06 and 9, weighted by their PL quantum efficiencies
Mixture (i.e., 0.63x 6 + 0.15x 9).

—a—2
——3 contained a 1:1 molar mixture @& and9. Figure 5 shows the
—h— 4 . . .
v5 PL spectra of samples ranging in concentration from 0.35 to
PN 4.2%, as well as a neat film of a mixture of dendrimérand
9. As the polystyrene solution is made more dilute, thereby
reducing interdendrimer interactions, the T5 contribution to the
spectrum decreases. At the highest dilution (0.36% dendrimer
by weight in PS), the intensity of the C343 emission is about
twice that of the T5 emission, whereas it is roughly a third of
the T5 emission in the neat dendrimer film. The raticdb 9
emission is not thought to involve different absorption charac-
550 600 teristics for the two, since the principal absorber for the
Wavelength (nm) dendrimers are the TAA groups, which are present in relatively
Figure 4. PL emission of different size mixtures of C343 and T5 Similar numbers in the two dendrimers (24 TAA groups 6or
dendrimers at 5:1 molar ratios of C343: T5 dye cores, normalized to T5 compared to 32 foB). The imbalance in C343 and T5 in the
emission. (See Table 1 for the compositions of the various dendrimer most dilute sample can be attributed to differences in the
mixtures). quantum yields of emission for the coumarin and thiophene.
The ¢em of C343 is 0.63* whereas that for T5, estimated from
related pentathiophenes, is approximately, = 0.151° To
provide a perspective for the PL measurements made with the
0.36% mixed dendrimer film, a simulated PL spectrum was
created by summing the emission spectra of péirend 9,
weighted by their relative quantum yields. Although photoin-
duced electron transfer between TAAs and the G848uld
be a possible reason for the reduced C343 emission in the
mixtures, the absence of noticeable quenckngf the C343

Intensity (a.u.)

changed from third to fourth generation with each size thiophene
(mixtures 2 and 5, 3 and 6, 4 and 9), a large increase in the
C343 emission is observed, an indication of increased site-
isolation for the fourth generation C343 (resulting in a decrease
in the C343 to T5 energy transfer). A similar trend is also seen
for increased generations of thiophene dendrimers, but in this
case only a very small increase in C343 emission is seen
between the third and fourth generation T5’s (mixtures 2 and
3, 5 and 6), whereas a much larger increase in C343 emission,

is measured between the fourth and fifth generations (mixturesIn the mosft dilute samples compared to the \_/velghted_ re!a_ltlve
3and 4, 6 and 9). qguantum yields suggests that electron transfer is not a significant

factor for the dendrimers of this study. As shown in Figure 5,

the weighted simulated spectra very closely match that of the
highly diluted PS film, showing that a spectrum rich in C343

emission is expected for a sample with complete site isolation.
Hence, alhtough not completely isolating the dyes from energy
transfer in neat films, these higher generation dendrimers do
provide a considerable degree of site-isolation when compared

It follows that TS5 dendrimers only begin to have adequate
site-isolation after the fifth generation while an appreciable
amount of isolation is already observed for fourth generation
C343. This finding is not unexpected as the elongated shape
of the T5 moiety makes encapsulation difficult, even when
both ends of the T5 are capped in a “dumbbell” arrangement.
Therefore, with G-3 or G-4 dendrons the T5 core remains
eX.pOSEd’ whereas the more compact C343 core is relatively We“(14) Adronov, A.; Gilat, S. L.; Frehet, J. M. J.; Ohta, K.; Neuwahl, F. V. R,;
shielded by three G-4 dendrons. Fleming, G. RJ. Am. Chem. So@00Q 122, 1175-1185.

To measure the spectrum of a dendrimer mixture in the (15) ggfl‘_a;é‘%?g"”,\ljl‘.‘vcﬁén';’_'al\flg{gp‘ié'ﬁ (g-”’aggfg_';élzfo'de“bergv L.; Petty, M.
absence of interdendrimer energy transfer, we have also(16) (a) Nad, S.; Pal, Hl. Photochem. Photobiol. A: Che200Q 134, 9-15.
examined the PL spectra of dendrimer mixtures diluted into a () Lor, M.; Thielemans, J.; Viaene, L.; Cotlet, M.; Hofkens, J.; Weil, T.;

. K Hampel, C.; Miien, K.; Verhoeven, J. W.; Van der Auweraer, M.; De
glassy polystyrene matrix. All of the polystyrene samples studied Schryver, F. CJ. Am. Chem. So@002 124, 9918-9925.

J. AM. CHEM. SOC. = VOL. 125, NO. 43, 2003 13169
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Figure 6. Device EL emission o6 and9 alone and in 1:1, 3:1, and 5:1 .
molar ratio mixtures. EL emission of 5:1 molar ratio mixtureSoand 7 —e— luminance 4 420
shown for comparison. (See Table 1 for the compositions of the various X
dendrimer mixtures).

EN
T

to the free dy& or to the lower generation dendrimers (mixtures
of dendrimerss and7 give mostly T5 emission).

OLED devices were fabricated using the same molar ratios
and spin casting parameters used for the previously described
thin film PL spectra. ITO substrates were pretreated with a layer
of poly(3,4-ethylenedioxythiophene):polystyrene sulfonic acid i
(PEDOT:PSS) which is known to facilitate hole injection and (0] o ——————10
provides for planarization of the substrateAdditionally, an 0 2 4 6 8 10 12 14 16 18 20 22
electron transporter, 2-(4-biphenylyl)-5-{drt-butylphenyl)- Voltage (V)
1,3,4-oxadiazole (PBD), was incorporated in the dendrimer Figure 7. Efficiency (top) and IV/luminescence characteristics (bottom)
solutions using 1:1 molar ratio of PBD to peripheral TAA for ITO/PEDOT/G4C:G5T(5:1)-PBD/BCP/AIQLIF/AI device.

moiety. The purpose of the PBD is to transport electrons, which ) ]
should help to balance electrehole transport within the  for PL and EL were spin cast from the same stock solutions,

devicé118The holes are expected to be transported by the easilythe pbserved ollifferences.i.n intensitie; are unlikely to pe related
oxidized TAA groups, and exciton recombination is expected !0 differences in composition. Itis believed that the difference
to occur on the dye cores. Furthermore, a thin 100 A thick film between EL and PL characteristics may be due to direct hole
of 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline (BCP) was O €lectron (carrier) trapping on the T5 core. Hence, if carrier
subsequently vapor deposited as a hole blocker to confine fecombination were to occur more efficiently at the T5 than at
exciton recombination, and prevent the loss of the faster moving €343, it could result in preferential exciton formation at T5.

holes to the cathod®!® This was followed by a 150 A electron ~ This carrier trapping process gives T5 an added pathway for
injecting layer of aluminum-tris(8-hydroxyquinolate) (Afand exciton formation that may not be present for C343, thereby
a LiF/Al cathode. It was found that devices with BCP/AIQ  shifting the spectra further toward the lower energy T5 emitter.
layers were an order of magnitude more efficient than those This effect results in nearly equal emission intensities of both
without these blocking and injecting layers, demonstrating their T5 and C343 at a 5:1 molar ratio (mixture 9) whereas in the

Current (mAIcmz)
[\

Luminance (cd/m?)

importance in the device. PL, the same mixture gives a much higher relative intensity for
Figure 6 shows the electroluminescent (EL) emission spectrathe C343.
of devices with only dendrimer§ and 9 (as well as varying The device performance data for a film obtained from mix-

mixtures of the two), compared to a 5:1 mixture of the smaller ture 9 with its 5:1 ratio of C343 to T5, which affords balanced
sized dendrimerS and7. These measurements are in qualitative EL intensities for the two chromophores, are shown in Figure
agreement with those for PL spectra as site isolation is also7. The maximum external quantum efficiency of the mixed
significantly enhanced in the EL spectra for dendrimers in which [G4],C-343: [G-5}T5 device was 0.2% with a power efficiency
the dyes are shielded by the larger dendrons. Interestingly, aof 0.1 lum/W. The device had a turn-on voltage of ap-
greater amount of TS emission relative to C343 emission is proximately 12 V and a maximum luminescence of only 22
observed in the EL compared to the PL. Because the films usedcd/n? at 20V. Device performance data for an OLED prepared
— from the [G-5}T5 (9) alone is shown in Figure 8. Interestingly,
(17) Lamansky, S.; Djurovich, P. I.; Abdel-Razzaq, F.; Garon, S.; Murphy, D. . .
L.; Thompson, M. EJ. Appl. Phys2002 92, 1570-1575. while the turn-on voltages are comparable, the T5-only device
(18) 52'%% J.; Shionoya, H.; Nagai, KAppl. Phys. Lett1995 67(16) 2281~ had much better performance characteristics. A maximum
(19) (a) Baldo, M. A.; Lamansky, S.; Burrows, P. E.; Forrest, S. R.; Thompson, luminance of 420 cd/fwas recorded at 20V. The device had
M. E. Appl. Phys. Lett1999 75, 4. (b) Tsutsui, T.; Yang, M. J.; Masayuki, a maximum efficiency of 0.59 Im/W (0.76% photon/electron)

M.; Nakamura, Y.; Wanabe, T.; Tsuji, T.; Fukuda, Y.; Wakimoto, T.; .
Miyaguchi, S. JpnJ. Appl. Phys1999 38, L1502. at a brightness of 100 cdAn
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10 ; r : 10 molecules. Unfortunately, the oxidation and reduction potentials
. —o— quantum efficiency of both the C343 core and TAA dendron were irreversible, so
g —e— power efficiency we cannot estimate their HOMO and LUMO energies reliably.
9 g The irreversible oxidation of the TAA dendron was observed
3 E at 0.49 V, which is greater than the 0.3 V oxidation potential
i E reported for the corresponding benzidine derivatineN(-
E F 1’ 5 diphenyIN,N'-bis-1-naphthyl-4,4biphenyl, NPD), a commonly
g & used hole transport materf&IThis sort of difference is expected
& L; when comparing a monoamine to a conjugated diamine. The
g 2 irreversible oxidation for C343 is between 0.49 and 0.59 V,
£ - thus we do not expect either C343 or T5 to effectively trap
u 01 . ' . 01 holes from the TAA groups. Hence, the likely explanation for

0.1 1 10 the enhanced performance of T5 involves the trapping of
electrons at the T5 core, followed by hole-electron recombina-
tion at that emitter. This gives an additional pathway for exciton
localization at T5, other than energy transfer from C343 or TAA,
leading to enhanced T5 emission in EL, relative to the PL

Current Density (mA/cm?)

40 —— 1117711 500 measurements.
—o— current
Br —e— |uminance {400 Conclusion
. sor -~ The use of dendrons to site isolate chromophores capable of
"g 251 {300 % electronic “communication” has been explored through their use
E 20t § in organic light emitting diodes. The novel design of the
= 15l {200 & peripheral mpieties o_f the dendro_ns allowed tuning of properties
g g for the casting of films that did not show a tendency to
© 10} 1400 2 crystallize thereby enabling both photoluminescence and elec-
5| troluminescence studies to be carried out. These studies confirm
0 that the size of the dendritic shell is critical to site isolation.

0 2 4 6 8 10 12 14 16 18 20 220 Although energy transfer between dendrimers still occurs to
Voltage (V) some extent, even with the largest dendrimers we have prepared,

) T . ... several important findings have emerged. First, it is clear that
Figure 8. Caption: Efficiency (top) and IV/luminescence characteristics . . : . L.
(bottom) for ITO/PEDOT/G5T-PBD/BCP/AIQLIF/AI device. the film forming properties of the dendrimers are critical and
the addition of peripheral alkyl groups to the electroactive but

When the PL and EL spectra of a material are significantly 0w solubility TAA moieties helps with the formation of clear
different, as is seen for the 5:1 mixture @0, the cause can  films and solves the issues associated with the inherent crys-
generally be attributed to carrier trapping affects. If one or both tallinity of the TAA dendrons at higher generations. Further-
of the carriers were preferentially trapped at the T5 corg,of ~more, moderately efficient devices can be fabricated using these
then a higher than statistical amount of hole-electron recombina- dendrimers along with BCP/Alghole blocking/electron inject-
tion will occur at9, leading to an EL spectrum which is richer ing films. Best results based on these unoptimized dendrimer
in T5 emission than expected, as is in fact observed. To Systems were an external quantum efficiency of 0.2% for mixed
determine if a trapping assignment makes sense, a series ofilms containing two chromophores in the same layer, and 0.76%
solution electrochemical measurements were made to estimatdor a fifth generation thiophene-only device.
the hole and electron levels of the individual components. For ~ These results also demonstrate a potential problem that may
this study, model T3 and C342 (Figure 1) compounds were  occur in many dendrimer based OLEDs. Carrier trapping at the
capped with benzyl esters to simulate the cores, and a G3 TAA dendrimer core can lead to significant changes in the properties
methyl ester dendroBwas used to simulate the characteristics of the devices. This is evidenced by the different device
of the hole transporting periphery. Electrochemical measure- performances observed for the mixed dendrimer devices and
ments were recorded in dimethylformamide (DMF) solution and the T5-only device, as well as differences in PL and EL emis-
potentials are given relative to an internal ferrocene referencesion intensity for mixed films. Therefore, care must be taken
(Fc/Fch). In addition, all literature values were adjusted to when choosing dye cores for such dendrimer-based devices.
Fc/Fch for clarity. The T5 core had two reversible oxidations Selective carrier trapping by one of the core components can
at 0.62 V and 0.76 V and a reversible reduction-dt.79 V. dramatically influence the effectiveness of other components
These oxidation values are consistent with two similar T5 in the device. We believe that the high voltages required to
containing polymers that were previously measured to have run these dendrimer based OLEDs was due, at least in part,
single reversible oxidations in the solid state at 0.61 and 0.51 to carrier trapping at the T5 dye cores. When choosing dye
V.15 The reduction potential of the PBD electron transport cores for dendrimers of this type it is important to select dyes
material is reported to be 2.342° Thus, it is expected that the ~ whose HOMO levels are below the hole transporting material,
T5 core will trap electrons, from the electron transporting PBD and whose LUMO levels are above the electron transporting

(20) Wu, C.-C.; Sturm, J. C.; Register, R. A,; Tian, J.; Dana, E. P.; Thompson, (21) Koene, B.; Loy, D.; Thompson, M. EChem. Mater 1998 10, 2235~
M. E. IEEE Trans. Elec. De 1997, 44, 1269-1281. 2250.
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materials, to prevent charge trapping within the dendrimer. In Department of Energy under Contract No. DE-AC03-76SF00098
addition, even at large generations, complete site-isolation is acknowledged with thanks.

remains a difficult problem for chromophores with largester

radii. It is believed that once these issues are understood, Supporting Information Available: OLED fabrication pro-
dendritic systems such as these could provide access to coloccedures and equipment: a full Experimental Section (PDF) is
tunable solution processed large area displays. provided. This material is available free of charge via the
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