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ABSTRACT: Bipolar transport polymers have been developed as host materials for electroluminescent devices
by incorporating both electron-transporting and hole-transporting functionalities into copolymers. Two different
copolymers having the same molecular weight, (M30 kg/mol) and the same fraction of electron-transporting
monomers foxa = 0.50) have been synthesized in the form of random and diblock copolymers, respectively.
The effect of molecular structure and film morphology of these bipolar polymers on device performance has
been studied. For the diblock copolymers, pronounced phase segregation forming different nanomorphologies
has been observed by modern microscopic techniques, which is not observed for the random counterparts under
the same thin film preparation conditions. The results of single-layer polymer light emitting diodes (PLEDSs)
show that the nanophase separation morphology of diblock copolymers has a significant effect on device
performance: lowering charge transport and facilitating the-helectron recombination leads to a much higher
quantum efficiency. Applying this high triplet block copolymer as host, a high external quantum efficiency of
5.4% at the brightness of 900 cd/mas achieved fosingle-layerPLEDs with a green-emitting complex dopant.

Introduction behavior, should be judiciously chosen to maximize the device
performance. For example, hosts having higher triplet energy

Organic light-emitting diodes (OLEDSs) have attracted great . ;
ganic g ing d ( ) hav g over dopants are required to avoid the energy back-transfer from

attention due to their potential application in both flat-panel ; - .
displays and lighting sourcés? Identifying new materials plays the emitters to hosts _that would decrease efﬂue’f’ﬁ_dyllth a
a significant role in realizing high-performance OLEDs. To date, Ni9h triplet bipolar conjugated polymer as host, efficient PLEDs
there are two major kinds of materials that have been widely Nave been demonstrated with an EQE of 6.6% for green
applied: conducting polymers and small molecular organic emissior?! To achieve a good ba_lance of_holes and eIecFrons,
materials. An advantage of the polymeric materials is related Poth hole- and electron-transporting functions should be incor-
to the fact they can be solution processed, a process that hagorated into a single bipolar host material. In general, this has
potential to lower manufacturing costs and is less time- been achieved by physically blending one carrier-transporting
consuming than the highly successful high vacuum vapor material with the other carrier-transporting material, thus
deposition process used with small molecules today. However, affording a bipolar host matrix. The blend of electron-transport-
typical polymer LEDs (PLEDs) only provide fluorescence, ing (2+tert-butylphenyl-5-biphenyl-1,3,4-oxadiazole) PBD with
which has limited internal quantum efficiencies of 25%, since the hole-transporting polivinylcarbazole), PVK is a good
only singlet excitons can be utilizédlo our best knowledge,  example of a system that has been used to produce efficient
the highest external quantum efficiency (EQE) achieved for single-layer green-light emitting diodes with an EQE of 3.5%.
PLEDs with fluorescent polymers as active emitting species is Since the photophysical and electrical behavior of polymer films
about 6% for white luminescenédndeed, applying phospho- s highly sensitive to aggregation and film morpholdgy33 it
rescent molecules as emitting materials, such as iridium andis critical to control the phase-separated morphology of their
platinum complexes, can potentially provide 100% internal blend if two immiscible polymers are used. However, this is
quantum efficiencie$>"*-1! This is due to the strong spin difficult to achieve?? since the devices require a fine dispersion
orbital coupling of heavy metals that facilitates efficient of one polymer in the other without macrophase separation.
intersystem crossing and allows complexes to capture both|deally, we target a bicontinuous morphology with-180 nm
singlet and triplet excitons. Therefore, solution-processed, highly |ength scale for charge transport and exciton diffusion, since it
efficient PLEDs have been d_emonstrated by physmally dpplng has been shown to improve the device performance in photo-
phosphorescent molecules in polymer matrix or chemically yoltaic devices. Such a morphology, which can be obtained in
bonding them to polymer chairtg.* a kinetically trapped nonequilibrium method, is very difficult
However, the properties of host polymers, such as the triplet to control and it may only be achievable in an extremely narrow
energy, the charge-transporting properties, and the balance ofegime of blend compositioH: 3¢ In contrast to this, a device
holes and electrons that control various aspects of device consisting of random or diblock copolymers does not experience
macrophase separation at larger than the micrometer length
* Corresponding author. Fax: (510) 643-3079. E-mail: Frechet@ scale, and devices based on diblock copolymers with morphol-

berkeley.edu. . o . ogies on the nanometer length scale can be achieved even under
T Lawrence Berkeley National Laboratory and University of California S 533738 . o
Berkeley. equilibrium23:37.38_ast, very little work has been done in high-
* University of Southern California. triplet host polymers, especially bipolar copolymer systems.
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Scheme 1. Chemical Structures of the Bipolar Copolymersni/n = 1) and of the Two Phosphorescent Heavy Metal Complexes
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On the basis of recent developments in living radical sectioned bulk and thin film samples was observed using a FEI
polymerizatior#®—42 we have prepared novel bipolar transport Tecnai operated at 200 kV. A multimode AFM (Veeco) was used
copolymers incorporating both electron-transporting and hole- in @ tapping mode to investigate the two-dimensional surface
transporting functionalities for use as host materials for elec- topology of the T-TPA-OXA and R-TPA-OXA films on ITO/
troluminescent devices. We demonstrate that the molecular8/2ss substrate as used for device fabrication. _
structure of these copolymers affects the film morphology and tioge‘s’hcl?;r';?gg"ﬁt;ﬁq?gdo'\ge;;‘;rsewgrnépggté‘:ni%vgg fzam?wa;/vide
subsequently the device performance. For films of the block stri[;es with resistivity of 2@2/sqg. The substrates were cleaned by

copolymers, pronounced phase segregation with nanometery,nication in a soap solution; rinsed with deionized water; boiled

length scale has been Pbsefved- contrasting with the h0m99€1n trichloroethylene, acetone, and ethanol for 5 min each; and then
neous morphology obtained for films of random copolymer with plown dry under a stream of nitrogen gas. Finally, the substrates
the same composition prepared under the same conditions. Wayere treated with UV/ozone for 10 min. The organic active layer
find that the large interfacial area between electron- and hole- was prepared by spin-casting solutions at 3000 rpm for 60 s. The
transporting domains in the block copolymer device has a solutions were filtered using 0,2m poly(vinylidene difluoride)
dramatic influence on both charge transport and recombination. filters prior to use. The thickness of the organic layer was monitored
Therefore, the interfaces present in block copolymer domains PY ellipsometry. After spin-casting, a shadow maskiwat2 mm
facilitate recombination of holes and electrons, leading to a much Wide stripe was placed onto the substrates perpendicular to the ITO
higher quantum efficiency than achievable with a random stripes. A cathode consisting of 1 nm thick LiF and 100 nm thick

. . . aluminum was then deposited at a rate of 0.2 antb s,
copolymer, while lowering the charge transport at the same time. respectively. OLEDs were formed at the<2 mm squares where

With optimization, high performancsingle-layerelectrolumi- the ITO (anode) and Al (cathode) stripes intersect.

nescent devices with external quantum efficiency reaching 5.6% The devices were tested in air withR h of fabrication. The
were achieved. The high performance of these devices can begjectrical and optical intensity characteristics of the devices were
attributed to the domain separation that mimics a multilayer measured with a Keithly 2400 sourcemeter/2000 multimeter coupled
structure in a single-layer device, where hole-transporting and to a Newport 1835-C optical meter, equipped with a UV-818 Si
electron-transporting moieties self-assemble, forming a large photodetector. Only light emitted from the front face of the device

interfacial area, favoring charge recombination. was collected and used in subsequent efficiency calculations. The
electroluminescence (EL) spectra were measured on a PTI Quan-
Experimental Section taMaster model C-60SE spectrofluorimeter equipped with a 928
PMT detector and corrected for detector response. The emission
Materials and Film Characterization. The TPA-OXA co- was found to be uniform throughout the area of each device.

polymers studied in this paper were synthesized by living radical
polymerization as random or block copolymers with a constant ratio Results and Discussion

of the two species: TPA/OXA= 1.1°Heavy metal complexes were T | taining hole-t . HT) trioh
prepared as reported in the literatdi?é! DSC was performed with wo copolymers containing hole-transporting (HT) tripheny-

a TA DSC Q200. The morphology of bulk samples as well as that lamine (TPA) and electron-transporting (ET) oxadiazole (OXA)
of thin films of the block copolymers (B-TPAOXA) and the functionalities (Wn = 1) were synthesized as shown in Scheme
random copolymers (R-TPAOXA) was investigated by transmis- 1. One is a random copolymer (R-TPOXA) having a
sion electron microscopy (TEM) and atomic force microscopy molecular weighiM, = 29 kg/mol and a polydispersity (PDI)
(AFM). The B-TPA-OXA copolymer was annealed at 226 for = 1.15, and the other is a diblock copolymer (B-TPAXA)

3 days and then at 18%C for 1 day and cooled slowly to room  with M, = 30 kg/mol and PDI= 1.25. The synthesis of similar
temperature under vacuum. The bulk sample was microtomed into copolymers has been previously reportdnalysis of these
50 7 Wik fim sices an sequently Staned by BUES% e Pobymers by iferential scanring calormery (OSC) i show
TPA and OXA blocks. Samples for morphological study of thin n Figure 1. Only one glass transition temperatdig &t 143.C

film were prepared under conditions identical to those used for the is observed for the random copolymer (R-TPAXA), Wh'le
devices. The films were prepared by spin-casting from chloroben- tWO separatdg at 131 and 168C are observed for the diblock
zene (40 mg mtl) onto NaCl substrate followed by transfer to  copolymer (B-TPA-OXA). These two glass transitions occur
the TEM grid by flotation on water. The samples were stained by at roughly the same temperature as in homopolymers of each
RuQ, 0.5% aqueous solution for 25 min. The morphology of cross- block, Ty ~ 125°C for the TPA homopolymer ant ~ 182°C
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Figure 2. Electroluminescence spectrum for the device with structure ; ; i
ofgITO/copolymers and 8 wt % PI'Pszacac dopant (90 nm)/LIF (1 phosphorescent dopants prior to relaxatlon._Efflment energy
nm)/Al (100 nm). transfer from the polymer host to the dopant is not surprising,
since the triplet energy of the host2.5 eV) is higher than
for the OXA homopolymer. Equilibrium thin film morphologies  that of the dopant (2.36 eV). Figure 3 shows the device
of these copolymers were obtained by thermal annealing atcharacteristics of these two different devices, and Table 1
225 °C for 3 days and then at 18%C for 1 day. The TEM summarizes the device performance. It was found that the
image in the inset of Figure 1 shows the lamellar structure of R-TPA—OXA device has about 1 order magnitude higher
B-TPA—OXA polymers with a domain spacing of 24 nm. The current density over B-TPAOXA device at the same voltage.
hole-transporting (TPA) and electron-transporting (OXA) com- A similar slope (2) was found for the log—log V plots of
ponents of the block copolymer self-assembled to form a clearly the two devices in the high-voltage region, which indicates that
layered structure. In contrast, such phase separation was nothe transport characteristics in both devices can be described
observed for the random copolymer R-TPAXA. using space-charge limited current (SCLC) theory in the
We used these two HT/ET bipolar copolymers as host presence of trapg§:44The charge transport is describedjby
matrices for phosphorescent dopants in polymer LEDs to 9/8cuesV4/d3, or | O V?, wheree is the permittivity of the
investigate the effects of the polymer composition of these polymer,d is the polymer film thicknessy.s is the effective
polymers on device performance. Single-layer polymer LEDs mobility, andV is the applied voltage. These two devices not
were fabricated from chloroform solutions of each copolymer only exhibited different—V characteristics but also a significant
doped with 8 wt % green-emitting TRB¥acac. A 90 nm thick difference in quantum efficiency. As shown in Figure 3;2
polymer layer was produced by spin-casting the solution on times higher light output was obtained from the B-TP@XA
pretreated indiumtin oxide (ITO)-coated glass substrate, and device than the R-TPAOXA device operated at the same
metal cathodes consisting of 1 nm LiF and 100 nm of Al were current density. The maximum external quantum efficiencies
vapor deposited in high vacuum chamber at lower thanx3-4 measured wer@max = 4.6% (2.94 Im/W, achieved at 220 cd
1076 Torr to give the device structure shown in Figure 2. The m=2) for the block copolymer and 2.0% (1.5 Im/W, achieved
electroluminescent spectrum of these single-layer green phos-at 560 cd n?) for the random copolymer (see Figure 3). Since
phorescent devices in Figure 2 shows emission purely from the polymer chemical compositions, the dopants, and the film
TPYslracac and the absence of either TPA or OXA emission. thicknesses are identical for both devices, we believe that the
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Figure 4. Tapping-mode AFM topographic images of thin films: (a) R-FR®XA spin-cast from chloroform, (b) R-TPAOXA from chlorobenzene,
(c) B-TPA—OXA from chloroform, and (d) B-TPAOXA from chlorobenzene.

Table 1. Summary of Devices’ Performance for Single-Layer Light-Emitting Diodes Using TP¥lracac as Guest and Copolymers as Host

single layer devices at95 nm random copolymer R-TPAOXA block copolymer B-TPA-OXA
solvent chloroform chlorobenzene chloroform chlorobenzene
turn-on voltages (V) (0.1 cd nd) 7.9 5.6 8.4 5.6
maximum EQE (%)/brightness (cd ) 2.0/560 3.9/600 4.6/220 5.4/900
maximum brightness (cd mM)/voltage (V) 2850/24.8 4500/23 3800/32.8 4500/25.5
EQE (%) at 800 cd m? 2.0 3.9 4.0 5.3

aThe devices were fabricated from chloroform and chlorobenzene solutions.

dramatic difference in device performance can be attributed and in the OXA phase (LUMO orbital), respectively, when the
mainly to the film morphology, which determines the effective traps are filled at high driving voltage. However, the formation
carrier mobility and the carrier recombination. of phase-segregated domains in the B-FRBXA polymer

The difference in morphology for spun-cast thin films was device interrupts carrier-transport pathways, leading to less
investigated by AFM and TEM. Since the properties of spun- charge transport at the same driving voltage. Such film
cast films are influenced by a number of factors, including morphology produces a large effective interfacial area between
solvent properties, solveapolymer interactions, and spin- the two domains of hole- and electron-transporting materials,
coating conditions (speed, temperature, time, etc.), we fabricatedfacilitating recombination of opposite charges, as shown in
thin films using both copolymers under the same conditions to Figure 5. This may be seen in the device characteristics
evaluate the effects of molecular structure on film architectures. reproduced in Figure 3, showing a higher light output from the
Figure 4a,c represents the AFM phase images of the surfaceblock copolymer device than from the random copolymer device
morphology for thin films obtained by spin-coating chloroform at the same current density. As a result of both increased charge
solutions of R-TPA-OXA and B-TPA-OXA. For random recombination and higher operation voltage, the maximum
copolymers, the AFM phase image is smooth and featureless,luminous efficiency for block copolymer devices (2.94 Im/W)
suggesting a homogeneous morphology without any phaseis about twice that of random copolymer devices (1.5 Im/W),
segregation of hole- and electron-transporting materials. In which is less than the ratio of EQEs (4.6%/2.692.3).
contrast, two distinct phases are observed in the morphology Since device performance is clearly related to thin film
of the block copolymers. The length scale of phase separationproperties and these, in turn, are affected by device fabrication
ranges from 20 to 30 nm. AFM images of samples from conditions, we explored the use of a different organic solvent
chlorobenzene solutions in Figure 4b,d show improved film as well as different device thicknesses. Chlorobenzene was used
quality with no pinholes and a smaller root-mean-square (rms) to enhance the film quality of devices by allowing more time
surface roughness of 0.3 nm, as compared to chloroform samplegor the film to self-organize during the spin-casting process.
with rms surface roughness of 0.5 nm. This can be attributed Because the simple structure of a single-layer polymer LED
to the slower evaporation of the higher boiling chlorobenzene provides no barrier for either carrier or exciton confinement
during film formation. Doping small molecular emitters into  within the organic layer, quenching mechanisms involving
the two copolymers at a level of 8 wt % did not change their carrier leakage and/or charge trapping near the electrodes limit
film morphologies. Figure 5 shows the TEM images of two device performance. Therefore, shifting the recombination zone
copolymers containing 8 wt % of TR¥acac dopant spin-coated away from the electrodes and decreasing electrode guenching
from chlorobenzene solutions. The formation of interfaces by should improve the device quantum efficiency. Three devices
nanophase separation is again seen very clearly for the blockusing B-TPA-OXA as host were fabricated with thicknesses
copolymers but does not occur with the random copolymers. increasing from 71 to 95 to 125 nm, which correspond to the
Since the movement of charge through a film occurs via a thickness of three, four, and five layers of TPAXA lamellae.
hopping process that is related to the intermolecular overlap of Another device 95 nm in thickness was also fabricated from
neighboring molecule® the charge-transport behavior in both  R-TPA—OXA for comparison purposes. As shown in Figure
copolymers can then be described schematically, as shown in6, the device made using B-TPADXA as the host has a higher
Figure 5. In the random copolymer host, holes and electrons quantum efficiency than a device with the same thickness made
can transport continuously in the TPA phase (HOMO orbital) from R-TPA-OXA, consistent our previous observations for
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Figure 5. TEM images of thin films of R-TPAOXA (left) and
B-TPA—OXA (right) spin-cast from chlorobenzene solutions, and
proposed schematic representations of charge transport for the random 104 - 104

and block copolymers.

devices prepared from chloroform solutions. Increasing device
thickness for B-TPA-OXA devices leads to a decrease in
current density and increases in both turn-on voltage and external
quantum efficiency. The thicker device has a larger overall
interfacial area between block copolymer domains, facilitating
charge recombination and affording a higher quantum efficiency.
However, the use of a thicker device with its concomitant
reduction in current density may also lower the probability of
charge recombination away from the electrode. Therefore, an
optimal thickness was found to be 95 nm for a B-FRPGXA
device, which corresponds to four layers of TPBXA
domains. Although the highest quantum efficiency of 5.6% was
measured with a device 125 nm thick, the 95 nm B-FRRXA

with 7max= 5.4% was in fact the best device when other device

characteristics, including turn-on voltage, brightness, and power - > e

- . g . . brightness vs current density and external quantum efficiency vs current
efficiency, are considered. Itis interesting to find that @ 71 nm- gensity (bottom) for single-layer light-emitting diodes using TRatac
device of B-TPA-OXA displays a quantum efficiency perfor-  as guest and copolymers as host spin-cast from chlorobenzene solutions
mance that is similar to that of a 95 nm device of R-FPA  in different thickness: R-TPAOXA 95 nm (circles), B-TPA-OXA
OXA. This is related to the more efficient carrier recombination 35””‘ (Sq;‘ares)v B-TPAOXA 95 nm (triangles) and B-TPAOXA
and higher electrode/polymer interface quenching in the B-TPA nm (stars).
OXA device. From plots of quantum efficiency vs current

{ —o— —e—R-TPA-OXA 95nm
—— —a— B-TPA-OXA 71nm
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Figure 6. |-V characteristics and brightness vs voltages (top), and

density, we found that curves for block copolymer devices have 1.0- £
a more pronounced rolling off feature than that for random w .
copolymer devices, indicating more tripteriplet annihilation 2 =
in the former®® — 0.8+ N
3 b3 100}

To investigate interaction of the dopants within each of the ]
copolymers, we fabricated single-layer devices having the —

following structure: 1TO/8 wt % FPt-doped copolymers/LiF/ E 0.6+

Al. The platinum complex FPt was chosen as the dopant due %
to its pronounced molecular-aggregation-dependent red-shifted & 0.4
emission?6.1146E|ectroluminescent spectra and external quan- W
tum efficiencies as a function of current density for these two

devices are shown in Figure 7. As was the case for the iridium- 0.2+

1 10
. D.[ll'lm'l:m?}

— — FPtin R-TPA-OXA

doped polymer devices (Figure 3), the B-TPAXA device ] ;
had a higher quantum efficiency than the R-FRBXA device. 0.0- —=—FPtin B-TPA-OXA
The electroluminescent spectrum of the Pt-doped block copoly- 400 500 600 700 800

mer features a large platinum dimer/excimer emission peak at
600 nm, which is not seen for a device prepared using the Pt- Wanislength (nimy)

doped random copolymer. This suggests that aggregation of FP{Figure 7. tEéeCtrC}luminestC?nC% ?Aeteg/tr?: g?% eXtedmé}l qra?tum Efﬁfiency
is favored in the environment provided by the block copolymer. Klsflg:rLesri]ng ﬁ’{‘_?tlg'pggs)&) a?]rd B TPA ox Aoggpols;rr]nge?s 23;‘3{15;3'.’"”

This is likely due to the immiscible nature of the polymer blocks

forming separate coexisting phases, which facilitates the ag- dispersing the small molecules more uniformly in bipolar hosts.

gregation of small molecules at the interfaces. Since device To achieve this, we are currently investigating three-component
performance usually drops upon dopant aggregation, we believepolymers with covalently bonded phosphorescent emitters, in
that the quantum efficiency can be further improved by which the emitting species are “doped” inside of the block
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domains, not in the interfaces, leading to less aggregation. Other (9) Baldo, M. A.; O'Brien, D. F.; Thompson, M. E.; Forrest, S.Rys.
ways to improve the device performance will include altering E:’m:niﬁggss% }jlf(l)%/iz(:hmsz'?\./lurphy D AbdelRazza, F- Lee, H
the components of the charge-transporting units, altering the ™ £ "Aqachi’ ¢ Burrows, P. E.; Forrest, S. R.; Thompson, MJE.
block sizes to reduce the phosphor aggregation, applying Am. Chem. So001, 123, 4304-4312.
multilayer device structure, and so on. (11) Brooks, J.; Babayan, Y.; Lamansky, S.; Djurovich, P. I.; Tsyba, I.;
Bau, R.; Thompson, M. Hnorg. Chem.2002 41, 3055-3066.
(12) Lamansky, S.; Djurovich, P. I.; Abdel-Razzagq, F.; Garon, S.; Murphy,
) ) ) D. L.; Thompson, M. EJ. Appl. Phys2002 92, 1570-1575.
In conclusion, we have presented a series of experiments(13) Vaeth, K. M.; Tang, C. WJ. Appl. Phys2002 92, 34473453,
studying the effect of molecular structure of bipolar copolymers (14) |L'|e, gbg'z; gfalnsgdgs_-lgilChen, F.C,; Li, Y. F.; YangAppl. Phys.
: ; ; ett. , :
on the film morphqlc_)gy and device performance. Nonconjugated (15) Gong, X.. Ostrowski, J. C.: Moses, D.: Bazan, G. C.. Heeger, A. J.
copolymers containing hole-transporting and electron-transport-"""" x4, “"Funct. Mater.2003 13, 439-444.
ing components were studied in random and block copolymer (16) Gong, X.; Lim, S. H.; Ostrowski, J. C.; Moses, D.; Bardeen, C. J.;
compositions. The morphology of B-TPAOXA and R-TPA- Bazan, G. CJ. Appl. Phys2004 95, 948-953.
OXA copolymers prepared in different solvents and thicknesses (17) Brunner, K. van Diken, A Bomer, H., Bastiaansen, J. . cﬁi M.;
were characterized by AFM and TEM, showing phase-  158e0as goaz. o o A '
s_egregz?lted_ TPA anq O)_(A _domains only in the B-TPAXA (18) Suzuki, M.; Tokito, S.; Sato, F.; Igarashi, T.; Kondo, K.; Koyama,
film. This difference in thin film morphology had a pronounced T.; Yamaguchi, TAppl. Phys. Lett2005 86.
effect on electroluminescent device performance. Charge trans{19) E?’I‘:%&'-Hier“;“ﬁ- JP'(:L'(;e rﬁam{esrézo%é Jist?s\élgfgbg'; Thompson, M.
port I,n the block copolymer was 1 ‘?rder of magthd? lower (20) Se;ndee, A. J.; Williams, C. K.; Evans, N. R.; Davies, J. E.; Boothby,
than in the random copolymer, resulting from the domain phase

: ¢ ! C. E.; Kohler, A.; Friend, R. H.; Holmes, A. Bl. Am. Chem. Soc.
separation making transport pathways through the device more

Conclusion

2004 126, 7041-7048.
circuitous. Consequently, the hole/electron recombination is (21) ghegb&%&Hga&%Sﬁ.; Hsiao, C. C.; Chen, SJAAm. Chem.
OC. .
enhanced by a factor Of. 2 for the bloc!( copolymer OVer. t.he (22) Sudhakar, M.; Djurovich, P. I.; Hogen-Esch, T. E.; Thompson, M. E.
rand(_)m copolymer, Ieadlng toa ml_Jc_h hlgher quantum efficiency J. Am. Chem. So@003 125, 7796-7797.
for single-layer polymer light-emitting diodes. An external (23) Bates, F. SSciencel991], 251, 898-905.
quantum efficiency of 5.6% for a single-layer green electrolu- (24) Berggren, M.; Inganas, O.; Gustafsson, G.; Rasmusson, J.; Andersson,
minescence was obtained using TR¥cac as the guest and M. R.; Hjertberg, T.; Wennerstrom, Qlature 1994 372, 444-446.

. (25) Granstrom, M.; Berggren, M.; Inganas, O.; Andersson, M. R
B-TPA—OXA copolymer as host. However, the self-organiza- Hjertberg, T.. Wennerstrom, GBynth. Met 1997, 85, 1193-1194.

tion of block copolymer also increased the aggregation of small (26) Nguyen, T. Q.; Kwong, R. C.; Thompson, M. E.; Schwartz, Bapl.
molecular dopants, leading to increased tripkeiplet annihila- Phys. Lett200Q 76, 2454-2456. _
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