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We report substituent position-induced color tunability in polymer light-emitting diodes fabricated
with poly@2-$2- or 3- or 4-@~3,7-dimethyloctyl!oxy# phenyoxy%-1,4-phenylenevinylene# ~DMOP-
PPV!. When the position of the substituent in DMOP-PPV moves to the ortho, meta, and para sites,
the corresponding photo- and electroluminescence spectra shift their peaks to a longer wavelength
of about 540, 560, and 585 nm, respectively. We ascribe this to the different degree of steric effect
in the backbone for each substituent position. As the substituent position is closer to the main chain,
the planarity of the backbone is less conserved, thereby reducing the effective conjugated length of
the main chain and broadening thep-p* energy gap. ©2002 American Institute of Physics.
@DOI: 10.1063/1.1502911#
ne
c

lity
a

on

sp
y
th
to
nt

h
ur
ls
fo

e
ex

o
a

te
d
nt

p

t a

ion
ting
for

nt

-
n

of
rian
l
a

oto-

ts.
g
re

tes

nic
ail-

a
ed
en
on
in
de

ma
Polymer light-emitting diodes~LEDs! continue to be of
interest because of the potential application in flat-pa
displays.1 The main advantage of using soluble semicondu
ing polymers as active emitting materials is a color tunabi
over a wide spectral range together with easy processing
mechanical flexibility. Since the first polymer LED based
poly~p-phenylenevinylene! ~PPV! in 1990,2 a variety of ma-
terials have been developed as luminescent polymers to
the entire visible spectrum.3 Conjugated polymers usuall
achieve color tuning by altering the chemical structure of
main chain itself,4 or by introducing various substituents in
the backbone.5 In such a case, a polymer with a differe
chemical structure~that is, with a different emission color! is
expected to possess a different chemical processibility. T
might make the fabrication process complicated in the fut
application of these systems to full color displays, and a
acts as a major drawback in fabricating blend systems
white light sources using those polymers.

Another alternative approach to color tuning in polym
systems is to adjust the effective conjugation length, for
ample, by controlling the chain length6 or degree of
regioregularity7 in polymer systems. Recently it was als
pointed out that control of the film morphology induces
change in the band gap of polymers.8 In fact, it is quite well
known that the degree of effective conjugation length de
mines the magnitude of thep-p* energy gap in conjugate
polymer systems.9 In this study we present substitue
position-induced color tunability in PPV derivatives, poly@2-
$2- or 3- or 4-@~3,7-dimethyloctyl!oxy#phenyoxy%-1,4-
phenylenevinylene# ~DMOP-PPV!. By simply controlling
the position of the substituent, 3,7-dimethyloctyloxy grou
in the ortho~o-!, meta~m-!, and para~p-! sites of the phenyl
side ring in DMOP-PPV as shown in Fig. 1, we expec
different degree of steric hindrance along thep-conjugated

a!Author to whom correspondence should be addressed; electronic
kwhlee@pusan.ac.kr
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polymer backbone. This induces a change in the ring tors
angle toward coplanarization along the backbone, resul
in a different degree of the effective conjugation length
each substituent site.

Three kinds of DMOP-PPV samples each with differe
substituent position~o-, m-, and p-DMOP-PPV! were syn-
thesized by the Gilch polymerization method10 as described
in detail elsewhere.11 Each material was dissolved in chlo
robenzene~CB! with a concentration of 0.5 wt %, and spi
coated on a precleaned fused silica with a thickness
around 80 nm. Absorption spectra were recorded by a Va
5E UV-VIS-NIR spectrophotometer, while the Orie
InstaSpec IV CCD detection system in combination with
typical integrating sphere technique was used for the ph
luminescence~PL! and electroluminescence~EL! spectra,
and also for the external quantum efficiency measuremen12

Utilizing those three DMOP-PPV materials as emittin
layers, we fabricated typical polymer LEDs with a structu
of ITO/PEDOT:PSS/DMOP-PPV/Al. The glass substra
coated with indium tin oxide~ITO; ,20V/h! were thor-
oughly cleaned by a wet cleaning process in an ultraso
bath and heated in a vacuum dry oven. Commercially av
able poly~ethylene-dioxy!thiophene mixed with
poly~stylene-sulfonic acid!, PEDOT:PSS, was used as
buffer layer (;40 nm), and spin coated onto the preclean
ITO substrate with curing at 100 °C in the vacuum dry ov
for an hour. The emitting polymer layer was spin coated
top of the PEDOT:PSS layer with a solution of 0.5 wt %
CB. Then, a 100 nm thick aluminum layer as the catho

il:
FIG. 1. Chemical structure of o-, m-, and p-DMOP-PPV.
2 © 2002 American Institute of Physics
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p 
was deposited by thermal evaporation in a vacuum
about 231025 Torr. Current density–voltage (J–V) and
luminance–voltage (L –V) characteristics of all the device
were measured using a Keithley 236 Source Measure
equipped with a calibrated photomultiplier tube.

Figure 2 shows the absorption and PL spectra of
DMOP-PPV samples. When the substituent position chan
from ortho- to meta- and para-site, the absorption e
moves to a longer wavelength corresponding to 2.41, 2
and 2.31 eV, respectively. This observation is also consis
with the PL spectra. The emission peak of p-DMOP-PPV
observed at a longer wavelength of 585 nm with pronoun
vibronic features, as compared with those of o-DMOP-P
~549 nm! and m-DMOP-PPV~560 nm!.

Figure 3 shows the electroluminescence~EL! spectra of
o-, m-, and p-DMOP-PPV, also shifting their main peaks
541, 560, and 586 nm, consistent with the absorption and
spectra measurements. This wavelength range correspon
the color from green to orange–red. When these EL spe
are converted into chromaticity coordinates on a CIE~Com-
mission Internationale de l’Eclairage! 1931 diagram, one
finds x50.33 and y50.57 for o-DMOP-PPV, x50.38 and

FIG. 2. Absorption~a! and PL spectra~b! of o-, m-, and p-DMOP-PPV.

FIG. 3. Normalized EL spectra of the devices using o-, m-, and p-DMO
PPV with a configuration of ITO/PEDOT:PSS/DMOP-PPV/Al.

 copyrighted as indicated in the article. Reuse of AIP content is subject t

On: Thu, 25 Se
f

it

e
es
e
7,
nt
s
d

V

L
s to
ra

y50.58 for m-DMOP-PPV, and x50.41 and y50.54 for
p-DMOP-PPV, respectively.

Considering that such color tuning is induced only
the position of the substituent without any chemical chan
in the polymer systems, we attribute this to the deviat
from coplanarity of the conjugated backbone for each s
stituent position. As the position of the 3,7-dimethyloctylo
group moves from the para- to the ortho-site in the phen
side group~see Fig. 1!, steric hindrance between the 3,
dimethyloctyloxyphenoxy side group and vinylic protons
the main chain gives rise to a distortion in the coplanarity
the polymer backbones. We believe that this reduces the
fective conjugated length of the main chain and broadens
correspondingp-p* energy gap.

Another noticeable aspect is the high value of the ex
nal PL quantum efficiency for these systems. According
our measurements employing a typical integrating sph
method,12 the values of o-, m-, and p-DMOP-PPV are
high as 43%61%, 54%61%, and 40%62%, respectively.
These values are almost four or five times higher than tha
MEH-PPV ~;10% in our measurement!. We interpret that
this might be associated with the bulky nature of the s
group of DMOP-PPV, inhibiting intermolecular interactio
of the polymer backbone and thereby increasing the PL e
ciency as consistent with previous work.13 Considering that
our structural analysis confirms the longest intermolecu
distance for m-DMOP-PPV and the shortest f
p-DMOP-PPV,11 this interpretation is also consistent with th
observation that the m-DMOP-PPV exhibits the highest
efficiency among the three samples. In such a case, the
duced packing of the polymer chains in the m-DMOP-PP
system is responsible for the enhancement of PL efficie
as compared with the other two polymers.14

Figure 4 shows theJ–V andL –V characteristics of the
ITO/PEDOT:PSS/DMOP-PPV/Al devices. The turn-on vo
age for the current injection is about 4 V for all device
while that of light emission varies from 4 to 6 V for o-, m
and p-DMOP-PPV. Although the effective conjugation leng
of o-DMOP-PPV is shorter than that of the other two po
mers, the devices using o-DMOP-PPV show a better per
mance than those using m- and p-DMOP-PPV. The brig
ness for o-DMOP-PPV is higher with 1840 cd/m2, as
compared with 770 cd/m2 for m-DMOP-PPV and 316 cd/m2

for p-DMOP-PPV at 10 V. Also theJ–V curves imply the
lowest value of bulk resistance for o-DMOP-PPV~the high-
est value for p-DMOP-PPV!, which is in contrast to the ef-
fective conjugation length consideration. Although the re

-

FIG. 4. Current density–voltage and luminance–voltage characteristic
the typical ITO/PEDOT:PSS/DMOP-PPV/Al devices.
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son is not clear at this stage, we assume that the substi
in DMOP-PPV influences the transport properties of the
jected charges in a way different from the effective conju
tion length.

In summary, we have developed a conjugated polym
DMOP-PPV derivative system, in which the band gap can
tuned by changing the position of the substituent in the s
group. Incorporating those materials as active layers of
polymer LEDs, we demonstrate that the emitting color c
be tuned from green to orange–red. We attribute this to
different degree of steric effect in the PPV backbone for e
substituent position. Furthermore, these materials show
enhanced processibility and device performance inheren
this system. Our results, therefore, demonstrate that this
class of polymers provides a strategic approach to the de
and construction of promising electroluminescent mater
with easy color tunability.

This work was supported by the University Resea
Program of the Ministry of Information and Communicatio
in South Korea~2001-085-3!.
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