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Effect of carbazole—oxadiazole excited-state complexes on the efficiency
of dye-doped light-emitting diodes
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Interactions between hole-transporting carbazole groups and electron-transporting 1,3,4-oxadiazole
groups were studied by photoluminescence and electrolumines@&ncgpectroscopy, in blends of
poly(N-vinylcarbazolg¢ with 2-tert-butylphenyl-5-biphenyl-1,3,4-oxadiazol@®VK:PBD) and in
random copolymers with carbazole and oxadiazole groups attached as side chains. Different
excited-state complexes form in the blends, which exhibit exciplexes, and in the copolymers, which
manifest electroplexes, due to topological constraints on the position of carbazole and oxadiazole
units in the polymer. Both types of complex red-shift the EL spectra of the matrices compared with
pure PVK homopolymer, although the shift is significantly greater for the electroplex. The presence
of these complexes has a profound effect on the external quantum efficiency of dye-doped organic
light-emitting diodes employing the blends or copolymers as matrices, as it strongly affects the
efficiency of Faster energy transfer from the matrix to the dye. Single-layer devices doped with
either coumarin 47C47), coumarin 6(C6), or nile red(NR) were compared. Among the three
dye-doped PVK:PBD devices, C6 doping yields the highest efficiency, while NR doping produced
the most efficient copolymer devices, consistent with the degree of overlap between the EL
spectrum of the matrix material and the absorption spectrum of the dy@002 American Institute

of Physics. [DOI: 10.1063/1.1469692

I. INTRODUCTION hole- and electron-transporting groups togetfiéf.and pre-
pare simple single-layer devices where the active layer per-
forms hole transport, electron transport, and light emission.
But when the electron-donating groups of the hole-

Thin-film organic light-emitting diodegLEDs), based
either on small moleculés® or polymers*=1° are of great
current interest due to their potential application in large-

e : : transporting material and the electron-withdrawing groups of
screen emissive flat-panel color displays or as white backs P g g group

. L . . . . the electron-transporting material are brought into intimate
lights for liquid crystal displays. To achieve optimal effi- contact, excited-state complexes can form, which alter the
ciency and device lifetime, the injection and transport of ' P '

holes and electrons must be balanced, such that similar defiPectrum .Of the emitted light. , ,
sities of the two carriers are achieved. Two general ap: Two different classes of excited-state complexes impor-

proaches can be employed to balance carrier injection an nt for LEDs hgve beigzgocumented in the Ilterature_. _The
irst class arexciplexes®?2where a molecule or subunit in

transport, both incorporating hole- and electron-transportin ) ,
materials into a LED. One approach is to fabricate aan excited state complexes with a complementary molecule

multilayer device with discrete hole-transporting and/or®' _subumt in its ground state, but no substantial ch%zg_E;GSepa-
electron-transporting layefs! While effective, this ap- ration occurs. The second class aedectroplexes™™
proach has only limited applicability to polymers, which are formed between complementary molecules or subunits car-
generally deposited by spin coating; deposition of subsetYing @ chargea hole on an electron-donating site, an elec-
quent layers will typically dissolve the layers deposited ear{TON on an electron-withdrawing sjtéVhen the two compo-
lier. A second approach is to mix hole- and electron-”e”t§ of the compleg are chgmlcally |qent|cal, the excited
transporting materials into a bleAd? or to copolymerize SP€cies are terme&kmme;%excned—statei|mers Versus ex-
ciplexes andelectromer§’?® (versus electroplexgsFor pla-
ap add Deot. of Materials Sci 4 Engineering. B 35212nar aromatic molecules, the donor and acceptor moieties
resent aadress: bept. 0 aterials science an ngineering, 50X . .

University of Washington, Seattle, WA 98195, (Q,bnst|tuF|ng an electroplex are thought to be §eparated by a
bAuthor to whom correspondence should be addressed; electronic mailarger distanceé0.4—0.7 nm than are the constituents of an
register@princeton.edu exciplex(0.3—0.4 nm,?® so the ability to form each of these
9Present address: Lexmark International Inc., 400 Circle Road NW, LeXing'eXCited-State complexes can be influenced by material struc-
ton, KY 40550. S
Ypresent address: Voice Integrators, 600 E. Crescent Ave., Upper Sadd‘é‘re: Photoexcitation QOes_nqt normally' generate fr'ee ch.arge
River, NJ 07458. carriers(only when dissociation of excited states is facile,
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e.g., in a good photo_cgndu_cf&, so the emission signature <CH2—CII> ‘<CHY_CH§_<CHTCH%
of electroplexes is visible in the electroluminesceriEt) | /n | /m n

spectrum but not typically in the photoluminensceriBg) N J N
spectrunt*~28 Conversely, exciplexes are readily generated \ / g__@
through photoexcitation, so their emission is visible in both ==

PVK

EL and PL spectra.

The presence of exciplexes and electroplexes leads to a CPVKPVO: R=H
redshift of the emission relative to the pure hole or electron CPVKBVO: R=C(CHy),
transport materialwhich may or may not contain excimers
altering the color of the device emission. Indeed, the ob-

_ o N—N /=N
served EL spectrum can comprise emission from several spe- 78 o
cies, with the relative intensities changing with voltage, lead- 0 O =N
ing to a broad and voltage-dependent emission specftum. ﬁ/®/<
For color display applications, it is more desirable to have a

narrow and voltage-independent emission spectrum, to '

achieve saturated red, green, and blue colors. Such narrow PBD

emission can be achieved by doping the material with a low R
concentration1% or les$ of a suitably chosen dy%1_2,14,30 FIG. 1. Chemical structures of PVK, PBD, and the two types of copolymers
Ideally, nonradiative energy transfer proceeds efficientlyemployed in this work.

from the matrix material to the dy®,leading to emission

characteristic of the dye alone. Moreover, dye doping is an

attractive route to patterned full-color devices, as the dyes g nile redNR) were purchased from Aldrich, coumarin 47

may be deposited by ink-jet printifig®* or masking®** (¢4 and coumarin 6C6) from Lambda Physik, and al
onto, and subsequent diffusion into, a previously depositeq,are used as received.

layer of matrix materia{polymer. However, the presence of Ultraviolet-visible (UV-vis) spectra of C47, C6, and NR
excited-state complexes in the matrix alters the energy levelge e recorded for thin films on quartz substrates using a
present, and may well impact the efficiency with which en-pye\jett-packard 8452A diode array spectrophotometer. PL
ergy can be transferred to the dye, although this has not begfyecira of the blend and copolymer films on quartz substrates
previously investigated. _ were taken with an Oriel InstaSpec IV charge coupled device
Poly(N-vinylcarbazol¢ (PVK) and oxadiazole com- (ccp) camera, using 316 nm excitation. Glass slides coated
pounds such —as @rtbutylphenyl-5-biphenyl-1,3,4- it indium—tin—oxide (ITO) (Applied Films Corp., 25
oxadiazole (PBD) have been widely used as hole- and () \ere used as substrates for LED fabrication. The sub-

eIectrqn-transpé)rrltziTlgg4 3r(r)1aterials in both heter_ostrucﬁ&r@d strates were patterned and then cleaned by successive 5-min
and single-lay LEDs. Previous studies of LEDS jrasonications in detergent, de-ionized water, methanol,

have revealed excited-state complexes containing eith ;
catbazolé 5385350r oxadiazole growpt 01 namn s 5L HTOCTTL IOl B reamert B o9gel
article, we demonstrate that different types of exmtedtstat?he dye-doped or undoped PVK:PBD blends or copolymers
complexes can form between carbazole and oxadiazolg g spin coated onto the substrate from a 28 mg/ml solution
groups in simple blends of PVK and PBolymer:small  (o15) solidg in 1,2-dichloroethanéDCE) at 4000 rpm in a
molecule blends, PVK:PBD, which exhibit exciplexeand  jirogen glove box. The film thickness was 70—100 nm as
in statistical copglyme_rs contal_nmg carbazole and oxadiazole, o 5sured by stylus profilometry. A 10:1 Mg:Ag cathd@80
pendant groupsin which we find electroplexgsWe then ) \yas deposited by thermal evaporation through a mask at
explore the substantial effect that these complexes have 0§\ 10-5 Torr. For LEDs with Ca as the cathode, the films
the efficiency of energy transfer to emissive dyes. were fabricated by spin coating a 15 mg/ml DCE solution at
2000 rpm, yielding films 55—-80 nm thick. A 25-nm-thick Ca
cathode was evaporated ak10 ® Torr. For devices with
Il. EXPERIMENT both Mg:Ag and Ca cathodes, a subsequent capping layer of
100 nm Ag was deposited at the same pressure. The active
Figure 1 shows the molecular structures of PVK, PBD,area of each device was about 8 fr&L spectra of the
and the statistical copolymers CPVKPVO and CPVKBVO. LEDs were recorded using a Photo Research PR650 Photo-
The copolymers were prepared by free-radical copolymerizaScan Colorimetefdevices with Mg:Ag cathode®r an Oriel
tion from N-vinylcarbazole (NVK) and one of InstaSpec IV CCD camer@evices with Ca cathodesThe
two oxadiazole-containing monomers: 2-phenyd5- device current and photon emission rate versus voltage char-
[(4-vinylphenydmethoxylpheny}-1,3,4-oxadiazole (PVO), acteristics were measured on a Hewlett-Packard 4155B
or 2{4-ert-butylpheny)-5-{4{(4-vinylpheny) methoxy] =~ Semiconductor Parameters Analyzer and a Newport 2835-C
pheny}-1,3,4-oxadiazoléBVO). The PVO and BVO mono- multifunction optical meter with a calibrated Si photodiode
mer syntheses, and the syntheses and characterization of ttetector. Both EL and PL spectra are presented in radiomet-
copolymers and PVK, PPVO and PBVO homopolymersric units. Brightness in photometric unitsd/n?) was calcu-
used here have all been described in detail previdd$¥8D  lated from the forward output power and the EL spectra of
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FIG. 2. PL spectrdexcitation at 316 nmof thin solid films of PVK, PBD,
and PVK:PBD blends over a range of weight ratios. Curves are offset ver-
tically for clarity.

the devices, assuming Lambertian distribution of the EL
emissiort?

Ill. RESULTS AND DISCUSSION
A. Emission from undoped PVK:PBD blends

EL intensity (a.u.)

Figure 2 shows the PL spectra of thin solid films of PBD,
PVK, and PVK:PBD blended at varying weight ratios. The
PL maximum for PVK occurs at 410 nm, with a short-
wavelength shoulder at 375 nm, due to emission from two
different types of carbazole excimet&®® The PL maximum
for PBD occurs at 380 nm, a slightly shorter wavelength than
for PVK. By contrast, the PL spectra for all PVK:PBD
blends, with weight ratios ranging from 95:5 to 40:60, show
maxima at systematically longer wavelengths than either Wavelength (nm)
PBD or PVK: near 425 nm, essentially independent of COMy 3 (5 gL spectra of ITO/PVK/IMg:Ag and ITO/PVK:PBOL:29/
position, with an additional shoulder near 480 nm. Whilemg:Ag devices. EL spectra for the blend device are shown at three different
redshifts can reflect changes in the local polarization fieIdJlr'it\r/1eV\(/;Itiarl]gesk;,lee:]sd iCvcgic?ftgl;)ﬂOEilij\S/r}f;té%)ofTIgS/dZ\\//I;:::SB\IIDV{QCr: fc[i)?\\lf\;:re;
induced by blen.dmé’l this effect WOL.JId .prOdu.CG a continu- \t,)vilased a); 192—14 V; cor?esponding cu-rrent aensities were 62-640 rA/cm
ous spectral shift as the blend ratio is varied. Rather, th%creasint_:; monotonically with PVK:PBD ratio. Curves (@ and (b) are
insensitivity to composition in Fig. 2 indicates that the red-offset vertically for clarity.
shift observed in the blend films results from exciplex for-
mation.

Figure 3a) shows the EL spectra of single-layer LEDs

prepared with Mg:Ag cathodes from both PVK and ) .
PVK:PBD blend films. The EL maximum from the PVK recorded with a more sensitiveCCD) detector, taken on

device coincides with the peak in the PL from PVRig. 2.  Plend devicesvarying PVK:PBD ratios fabricated with Ca

By contrast, the EL from the PVK:PBD film is peaked cathodes and operated at 12-14 V forward bias. These
around 440 nm, redshifted by about 30 nm compared wittigher-resolution spectra show a clear shoulder at 480 nm,
the EL or PL of pure PVK. These spectral differences arewhich is also evident in the PL spectra in Fig. 2. Indeed, the
even more evident in Fig.(B), which shows EL spectra PL (Fig. 2) and EL[Fig. 3(b)] spectra are quite similar, ex-
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FIG. 5. PL spectraexcitation at 316 nmof PPVO homopolymer and
CPVKPVO copolymer thin films on quartz substrates, is the weight
fraction of NVK in each copolymer. Curves are offset vertically for clarity.

FIG. 4. PL spectraexcitation at 316 nmof PBVO homopolymer and
CPVKBVO copolymer thin films on quartz substrates, is the weight
fraction of NVK in each copolymer. Curves are offset vertically for clarity.

. : . lymers at lowewv; (0.19 < w;< 0.51) show a struc-
cept for the blend most dilute in PBI®5:5), whose EL  COPOYMErS oo 1
spectrum more closely resembles that of pure PNg. tured emission, with peaks or shoulders at 350, 370, and 390

3(@]. The peak near 440 nm arises from PVK:PBD nm. Indeed, the spectrum of the,=0.19 copolymer
exciplexes? and can be seen even in the emission fro strongly resembles that for PVK model compouritis/K

dye-doped PVK:PBD layers when energy transfer to the dy imers, where the peak at 350 nm is characteristic of iso-
is incomplete?®42

ated carbazole lumophores, and that at 370 nm from a
The EL spectrum of PVK in Fig. @ also exhibits a weakly-bound excime¥® Emission from such structures is
6Raturally more probable as the NVK content in the random
copolymer is reduced.
The PL spectra from the other copolymer seB¥O

smaller peak at 610 nm, barely visible in the data acquired
lower voltagegFig. 3(b)]. While this secondary emission has

been seen in previous reportsits origin has not been elu- s
P P g homopolymer, CPVKPVO copolymerare shown in Fig. 5,

cidated. It is not due to triplet phosphorescefft® which Y ; : .
occurs near 500 nm Herep Weptentgtively assign this emis@md exhibit the same trends evident in the CPVKBVO series,

sion to PVK electromers, as it is visible in the EL spectrumInCIUdIng a shift to the blugrather than the re)dgs Wi ls
but not the PL spectrum. Additional support for this assign_reduced. We thus conclude that exciplex formation is inhib-

ment is provided by the copolymer EL data, as discusse&ed in the copolymers relative to the blends, reflecting the
below.

topological constraints imposed by copolymerization and the
need for complementary units to be spaced by 0.3—-0.4 nm to
form an exciplex. Fig. 1 shows that the carbazole units are
connected directly to the polymer backbone, while the oxa-
Figure 4 shows the PL spectra of the PBVO and a seriediazole units are spaced out from the backbone by the phe-
of CPVKBVO films on quartz substrates, wheng is the  nylmethoxyphenyl group. Sequential NVK and BMBVO)
weight fraction of the NVK monomer in each copolymer. At units in the polymer chain will thus have little interaction;
high values ofw; (0.70 and higher the PL spectra for the exciplex formation would only be possible between NVK
copolymers are essentially those of PVK homopolymerand BVO (PVO) units from different chains, or from topo-
(compare Fig. B with a maximum at 410 nm. The PBVO logically distant sites on the same chain.
copolymer shows featureless emission peaked at 370 nm. By Figure &a) shows the EL spectra of ITO/CPVKPVO/Ca
analogy with the blend PL spectra in Fig. 2, we would expecsingle-layer devices taken under a forward bias of 12—14 V.
exciplex emission to appear in the PL spectrum of the coCompared with the PVK:PBD blends-ig. 3(b)], the EL
polymers at about 425 nm with a shoulder near 480 nm, buspectra of the pure CPVKBVO and CPVKPVO copolymers
no such emission is evident in Fig. 4. Rather, as BVO unitsare very broad, spanning the whole visible range from 400 to
are added to the copolymew( reduced from unity the 700 nm. The EL spectra of the copolymers each show three
spectra actually shift toward the blue. The PL spectra of therincipal emission maxima: one at 370—440 nm, a second

B. Emission from undoped copolymers
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FIG. 6. (a) EL spectra of ITO/CPVKPVO/Ca devices under 12—-14 V for-
ward bias.w; is the weight fraction of NVK in each copolymer. Corre-
sponding current densities were 1-50 mAfcrimcreasing monotonically
with wy. (b) EL spectra of ITO/CPVKPVO/Ca devices under 18-20 V
forward bias.w, is the weight fraction of NVK in each copolymer. Corre-
sponding current densities were 10—860 mAfcimcreasing monotonically
with w,. Curves in both(@) and(b) are offset vertically for clarity.
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610 nm, is the same as that seen in the EL from PVK and
PVK:PBD blend device$Fig. 3a)], attributed here to PVK
electromers; note that the ratio of the intensity of this peak
(relative to the band at 370—-440 nm, which contains emis-
sion from both NVK and PVO unijsincreases steadily with
w,, as expected for a PVK electromer. However, the peak
near 500 nm has no analog in either the PVK homopolymer
EL [Fig. 3(@] or in the PL from the same copolyme(sig.

5). We thus infer that this emission line results from
NVK:PVO electroplexes. Because the donor and acceptor
moieties constituting an electroplex are separated by a larger
distance(0.4—-0.7 nm than are the members of an exciplex
(0.3-0.4 nm), the topological constraints imposed by the
polymer prohibit the formation of exciplexes between se-
guential units but not electroplexes.

For the copolymer devices, the emission was noticeably
dependent on applied voltage: the emission was bluish green
at lower voltages, but shifted continuously to yellow as the
voltage increased. Figurgl§ shows the EL spectra of the
same ITO/CPVKPVO/Ca devices taken under a forward bias
of 18-20 V, instead of the 12-14 V applied in Figapg
Increasing the drive voltage causes the electro@®0 nm
to dominate the emission for most of the copolymers, while
the PVK electromer emission near 610 nm increases in in-
tensity as well. Careful examination of Figsaband Gb)
shows that the relative intensity of the electroplex emission
is greatest for the device made from the copolymer with
w,=0.67 for both drive voltages, and decreases smoothly as
w, is varied in either direction from this optimum. Such
behavior is consistent with emission from a heterocomplex,
whose intensity must necessarily go through a maximum as
the copolymer composition varies from pure NVK to pure
PVO. Devices based on the CPVKBVO copolymers showed
very similar EL spectrgrepresentative exampley;=0.70,
shown in Fig. 7 to those for the CPVKPVO copolymers in
Figs. 6a) and &b), with the greatest relative intensity of the
electroplex emission occurring &t,;=0.51 for both drive
voltages.

C. Emission from dye-doped devices

Regardless of the nature of the excited-state heterocom-
plexes(exciplexes versus electroplexetheir presence in the
blends or copolymers, directly revealed through the EL spec-
tra, reflects populated energy levels that are not present in the
pure component$PVK and PBD, or PVK and PBVO or
PPVO homopolymeps Thus, we may consider the two types
of complex together in assessing their effect on the efficiency
of energy transfer to emitting dyes, the central focus of this
article.

Compared with the best available organic LEDs, the EL
emission from undoped PVK:PBD blends, or CPVKBVO or
CPVKPVO copolymers, is weak for either cathode material,
but the efficiency can be greatly improved by doping with an

near 500 nm, and a third near 610 nm. The shortestappropriate dye. Devices having either PVK:PBD bfeod
wavelength maximum in each spectrum is the superpositio©PVKBVO copolymet* matrices, doped with either cou-
of emission from isolated NVK and PVO segments and theimarin 47(C47, blue emitting coumarin 6(C6, green emit-
excimers, and generally follows the trends seen in the coting) or nile red (red emitting, and employing Mg:Ag as

polymer PL spectrdFig. 5. The smallest maximum, near

cathode have been characterized previously. Here, we fabri-
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L A AL B L Two classes of excitation mechanism are possible in EL:

- — —C4aT (V) . energy transfer(by Faster or Dexter mechanismsand
/\ —‘_ﬁz((%\\//)) ] charge trapping, and often both are operative in a single

device!***Since photoexcitation does not normally generate
free carriers, PL emission from dilute dyes can result from
energy transfer only. PL spectra of dye-doped PVK and
PVK:PBD blends indicate very efficient energy transfer, such
that <1 wt% dye doping yields emission almost entirely
from the dye> Recently, experiments on PVK:PBD doped
simultaneously with two dyes have revealed the importance
of charge trapping as wel?. We thus consider that both
mechanisms are operative in our devices. However, the en-
ergy levels of the carbazole and oxadiazole units are not
o ] likely to change significantly when incorporated into a poly-
> e e e e mer (as they are not conjugated to the connecting units

300 400 500 600 700 800 the efficiency of charge trapping should be essentially the
same in both blend and copolymer devices, leaving differ-
ences in energy transfer efficiency as the origin of the differ-

FIG. 7. UV-vis absorption spectra of coumarin BZ47(UV)], coumarin 6  ence in the optimum dopant for the blend versus copolymer
[CB(UV)], and nile redNR(UV)] superimposed on the EL spectra obtained matrices

from ITO/PVK:PBD(71:29/Ca and ITO/CPVKBVQw,=0.70/Ca devices . . . .
at 20 V. ' The difference in optimum dopant for the different

matrice$® can be understood with reference torter en-
ergy transfer theory. Though originally develofedo de-

cate similar devices with Ca as the cathode and compare a¥ctibe long-range energy transfer between molecular excited
four sets of datdtwo matricesx two cathode typesto elu- ~ states, we consider here that such transfer should also be
cidate the effect of excited-state complex formation on depPossible from more delocalizeimoleculay excited states
vice performance. such as exciplexes and electroplexes. Figure 7 shows the
Table | summarizes the efficiencies and brightnesses d#V-vis absorption spectra of C47, C6, and NR superimposed
the dye-doped devices. The efficiencies of the Ca devices afh the EL spectra of PVK:PB}71:29 and CPVKBVO
lower than those of the Mg:Ag devices because the dye dogw;=0.70. Among the three dyes, C6 has the best absorp-
ing level, and the ratio of carbazole to oxadiazole groups irfion overlap with the EL spectrum of the PVK:PBD blend,
the blend and copolymer, were optimiZefdr the Mg:Ag  while NR has the best absorption overlap with the EL spec-
cathode; ease of carrier injection, which is strongly affectedrum of the copolymer. Thus, the PVK:PBD matrix should
by the electrode type, also affects the balance between caritransfer energy most efficiently to the C6 dye, while the co-
ers. However, the same trends are seen with both electrogmlymer will transfer energy most efficiently to NR. C47 has
types: among the three dye-doped PVK:PBD LEDs, the Cgoor absorption overlap with the EL spectra of both the
device has the highest efficiency, while among theblend and copolymer accounting for the poorer efficiencies
CPVKBVO copolymer LEDs, that doped with NR has the across the board for devices doped with C47.
highest efficiency(The lower brightnesses for copolymer de- The differences in energy transfer efficiency also mani-
vices doped with NR versus C6 result from the lower sensifest themselves directly in the EL spectra, when devices fab-
tivity of the human eye to orange versus green emisgion. ricated with the same dye but different matrices are com-

—=—PVK:PBD (EL) ]
—e— CPVKBVO (EL) |

UV absorbance / EL intensity (a. u.)

Wavelength (nm)

TABLE I. Device performance figures.

Emissive layer Mg—Ag cathode Ca cathode
External Current External Current
Dye level quantum Brightness density quantum Brightness density
Dye (Wt %) Matrix efficiency (%)? (cd/n?) (mA/cn?) efficiency (%)? (cd/n?) (mA/cn?)
ca7 0.65 PVK:PBD 0.5 110 25 0.1 150 300
c6 0.3 PVK:PBD 1.9 650 25 0.4 2750 300
NR 0.16 PVK:PBD 0.3 105 25 0.3 1780 300
C47 0.65 CPVKBVO 0.1¢ 8.4 50 0.03 40 300
C6 0.3 CPVKBVO 0.2 160 50 0.04 210 300
NR 0.16 CPVKBVO 0.4 105 50 0.06 100 300

Maximum value, although variation over operating range is modest, see data in Refs. 5 and 14.
bWeight ratio 71:29 PVK:PBD.

“Weight ratio 70:30 NVK:BVO.

9From Ref. 5.

°From Ref. 14.
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e Y E— have on device performance: although the active moieties
] (carbazole and oxadiazolare identical for the blend and
copolymer matrices, the different excited state complexes in
the two casegblend exciplex emitting at 440 nm versus
copolymer electroplex emitting at 500 nuairectly affect the
ability to transfer energy to the emitter dye.

IV. CONCLUSIONS

Excited-state complexes are formed in PVK:PBD
blends, as well as in copolymers containing carbazole and
oxadiazole moieties in the side chains. In the blends, these
complexes are conventional exciplexes, whose emission is
visible in both PL and EL. In the copolymers, however, the
emission is visible only in the EL spectrum, indicating that
these complexes are electroplex@dectron—hole hetero-
pair9; exciplex formation is suppressed in the copolymer by
— T T the topological constraints imposed on the carbazole and
oxadiazole groups by their connection to the polymer back-
bone. The presence of excited-state complexes creates addi-
tional peaks in the EL spectrum which are significantly red-
shifted from the EL of the PVK homopolymer, but by
different amounts for the blendsxciplexes, 30 nm shift of
main peak plus shoulder shifted by 70 hand the copoly-
mers (electroplexes, 90 nm shiftThese differences impact
the quantum efficiencies and brightnesses of dye-doped
LEDs made from the two matrices, since the extent of over-
lap between the matrix EL spectrum and the dye absorption
spectrum influence the efficiency of ister energy transfer.
Moreover, these shifts suggest that the dopant yielding the
most efficient device can differ between the blend and analo-
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200 =00 500 0 800 gous copolymer matrices, as well as from the pure PVK
homopolymer matrix. For the blend matrix, C6 was found to
be the best dopant of the three dyes examined, while NR was

FIG. 8. EL spectra of(a) ITO/PVK:PBD(71:29:dye/Ca and(b) ITO/  optimal for the copolymer matrix.
CPVKBVO(w;=0.70:dye/Ca devices, where the dye is CAI65 wt %),
C6 (0.3 wt %9, or NR (0.16 wt 9.

Wavelength (nm)
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