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Abstract
Poly [2-methoxy-5-(2 0 -ethylhexyloxy)-1,4-phenylene vinylene] (MEH-PPV) and poly (sodium 4-styrenesulfonate) ionomer (PSSionomer) blends were used as emitting layers in polymer light-emitting diodes (LEDs). The polymers were blended in various ratios, and
their luminescent properties were compared with those of a MEH-PPV/polystyrene (PS) blend system. The MEH-PPV/PSS-ionomer and
MEH-PPV/PS devices showed a much higher luminescent efficiency when compared with pure polymer devices, due to the dilution effect.
The MEH-PPV/PSS-ionomer blend device achieved a more enhanced luminescent efficiency as compared with that of the MEH-PPV/PS
device, due to polar groups in the PSS-ionomer, which may enhance the electron injection from the cathode to the emitting molecules. In
addition, the turn-on voltage of the MEH-PPV/PSS-ionomer based on LEDs was also dramatically decreased.
q 2004 Elsevier Ltd. All rights reserved.
Keywords: Luminescent efficiency; Poly(sodium 4-styrenesulfonate) ionomer; Dilution effect

1. Introduction
Since the electroluminescence (EL) of poly (p-phenylene
vinylene) (PPV) polymers was discovered in 1990, polymer
light emitting diodes (PLED) based on p-conjugated
electroluminescent polymers have attracted much attention,
because of their possible applicability in the flat panel
displays [1–3]. Until now, the researches that used
synthesized polymers, polymer blends, or polymer bilayer
into emitting layer in PLED for improving the efficiency of
EL devices have been actively studied [4–6]. For elevating
the quantum yield, electron injection should be enhanced in
the PLED because a hole is the major carrier in the emitting
layer. In order to do that, several attempts have been
reported [7–9].
In a recent study it was reported that ionomers, as an
electron injecting layer, increase the affinity with electrons
and, thus, effectively lower the turn-on voltage and the
driving voltage, which makes EL devices more efficient
[10–13]. Ionomers are thermoplastic resins that contain
metal ions, as well as organic ionic molecules, as the
* Corresponding author. Tel.: C82 42 869 3923; fax: C82 42 869 3910.
E-mail address: ookpark@kaist.ac.kr (O O. Park).
0032-3861/$ - see front matter q 2004 Elsevier Ltd. All rights reserved.
doi:10.1016/j.polymer.2004.10.008

pendant group in the polymer chain. These polymers usually
have a small mole fraction of ionic groups of under roughly
15 mol%. The morphology of ionomers was studied and
reported in the literatures [14,15].
In this study, we investigated the optical properties and
the current–voltage–luminance (I–V–L) characteristics of
devices that utilize the blends of the light-emitting
conjugated polymer and the ionic polymer. The merits of
this blended electroluminescent device include effective
electron injection and expectations of the dilution effect. A
previous study investigated the dilution effect of the inert
polymer polystyrene (PS) blend with MEH-PPV [16]. The
interchain interaction between the polymer chains was
decreased to improve the luminance intensity and the
luminescent stability of the MEH-PPV/polystyrene (PS)
blend at the high temperature [16].
Similar to the blend system, it is quite natural to expect
the dilution effect in the case of a blend of MEH-PPV and
poly (sodium 4-styrenesulfonate) ionomer (PSS-ionomer).
The thermal stability and mechanical property of the PSSionomer are excellent, and its thermoplastic processability
is also good. Moreover, a MEH-PPV and PSS-ionomer
blended system may enhance the electron injection.
Counter ions of the ionomer can attract the electrons
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from the cathode to the emitting layer effectively, so that EL
efficiency is improved considerably and the turn-on voltage
and the operating voltage of the EL devices are decreased
remarkably. In order to distinguish from the effect of
dilution, we compared a MEH-PPV and PSS-ionomer blend
system with a MEH-PPV and PS blend system.

2. Experimental
2.1. Materials
Polystyrene with a weight-averaged molecular weight of
230,000 and number-averaged molecular weight of 140,000
was purchased from Aldrich Co. The sulfonation of
polystyrene and the synthesis of the PSS-ionomer was
performed using a method described elsewhere [13]. The
sulfonate content in the sulfonated polystyrene can be
ranged from about 3.5 to 15.4 mol%. For optimum properties, we selected an ionic concentration of 6.7 mol%, which
exhibited the highest EL intensity and quantum efficiency as
reported in previous work [13]. The chemical structures of
MEH-PPV and the prepared ionomers are shown in Fig. 1(a)
and (b). The morphology of the PSS-ionomer is shown in
Fig. 1(c). Many circular ionic groups are distributed in the
morphology, and the diameter of the ionic clusters is about
5–6 Å. MEH-PPV (Mww12,500) was purchased from
Aldrich Co.
MEH-PPV and the PSS ionomer were dissolved in
chlorobenzene, separately. Then, the two solutions were
mixed, at various ratios. The ratio of the blended polymer is
30/70, 40/60, 50/50, 60/40, 70/30. This mixture, dissolved
in chlorobenzene, was spin coated to a 100 nm thickness on
indium-tin-oxide coated glass substrates.

Fig. 1. Chemical structures of (a) MEH-PPV, (b) a PSS-ionomer, and (c) the
morphology of the PSS-ionomer.

2.2. Fabrication of the EL device
The EL devices of the MEH-PPV and PSS-ionomer
blend were fabricated as follows. Indium-tin-oxide (ITO)
coated glass substrates were sonicated sequentially in
acetone for 10 min, in methanol for 10 min, and in
chloroform for 10 min, and then dried with a nitrogen
gun. The MEH-PPV and PSS-ionomer blend dissolved in
chlorobenzene was spin-coated at thickness of 100 nm onto
the ITO-coated glass substrate. The thickness was measured
with an alpha-step. LiF (Lithium Fluoride) was deposited to
a 1 nm thickness, and then an Al cathode was deposited to a
150 nm thickness by means of a thermal evaporator, under a
pressure of 1!10K6 Torr.
2.3. Measurement
In order to investigate the electrical characteristics of the
device, the current–voltage (I–V), the luminance–voltage
(L–V), and the luminance–current (L–I) were measured with
a current and voltage source measurement unit (Keithley
238) and a luminance meter (LS100). In addition, the
photoluminescent and electroluminescent spectra of the
device were measured by means of fluorospectroscopy (ISS
Photon Counter Meter).

3. Results and discussion
At the outset, we needed to identify those optical
properties that were based on the dilution effect, before
investigating the opto-electrical properties of the devices
blended with the PSS-ionomer. We investigated the
photoluminescent properties of the MEH-PPV/PSS-ionomer blend films to identify the effect caused by dilution,
except for the effect that was dependent on the electron
injection of an ionomer, and we compared these films with
the MEH-PPV/PS polymer blend film to identify the
electrical and optical properties of these devices.
Fig. 2(a) shows the PL spectra of the MEH-PPV/PS
polymer blend films, which have the same film thickness as
the various blended ratios. The blended films had higher PL
efficiency than the pure MEH-PPV film, and the PL
efficiency of the MEH-PPV(50%)/PS(50%) film was double
that of the pure MEH-PPV film. Polystyrene, as an inert
polymer, decreases the interchain interaction of the
conjugated polymer and diminishes the exciton quenching,
due to the packing of the conjugated polymer chains,
thereby increasing the luminescent efficiency.
When blending with MEH-PPV with the PSS-ionomer,
the PL spectra showed similar aspects as those of the MEHPPV/PS blended films (Fig. 2(b)). The PL intensity of the
blended films was greatly increased by the dilution effect,
which decreases the interchain interaction of MEH-PPV.
The efficiency of the MEH70/PSS-ionomer30 film was
lower than that of the 50/50 film, because the film was not
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Fig. 2. Photoluminescent spectra of (a) MEH-PPV and its blends with PS
and (b) MEH-PPV and its blends with PSS-ionomer.

diluted sufficiently. The efficiency of the MEH30/PSSionomer70 film was also low due to the small concentration
of MEH-PPV. Both the MEH-PPV/PS and the MEH-PPV/
PSS-ionomer film had a maximum PL intensity in the
blending ratio of 50:50. Therefore, the most suitable
blending ratio for a good dilution effect is 50/50.
Fig. 3 shows the luminance versus the voltage curve of

Fig. 3. Luminance vs. voltage of EL devices of MEH/PSS-ionomer blend at
various blending ratios, MEH50/PS50 blend, and pure MEH-PPV.
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the blended EL devices, at various blended ratios. The
luminance of the film blended in the ratio of MEH50/PSSionomer50 is the brightest among those of the various
blended ratios. While the EL intensity of the MEH50/PS50
film roughly doubled that of the pure MEH-PPV film, due to
dilution effect similarly with its PL spectrum, the EL
intensity of the MEH50/PSS-ionomer50 device was more
than 4 times brighter, when compared with the pure MEHPPV device. Moreover, the turn-on voltage and the working
voltage were decreased significantly. The driving voltage
corresponding to the maximum EL intensity of the devices
were decreased from 10.8 to 6–6.5 V, and the threshold
voltage was also decreased from 4 to 2.1 V, in the case of
the 50/50 blended device. It is because band bending occurs,
which lowers the energy band of MEH-PPV, so that ionic
groups of ionomer can induce electron injection into an
emitting layer from the cathode.
In Fig. 4 the current density is plotted against the voltage.
We can identify the electron injection and the mobility of
carrier in Fig. 4. Under the electric field, local dipoles form
in the emitting layer composed of the PSS-ionomer and
MEH-PPV near the cathode. The local dipoles are arranged
continuously from local dipoles formed near the cathode to
the anode. These local dipoles strongly attract electrons and
the injected electrons move into the anode quickly in the
blended polymer layer. Consequently, recombination probability with holes is improved and luminescent efficiency is
also improved, by decreasing the quenching near the
cathode. Therefore, while the currents flows plentifully,
the luminance of the devices become brightened gradually,
as the current density increases.
After exceeding the ratio of PSS-ionomer 50%, the
brightness became reduced, due to the decrease of
concentration of MEH-PPV, even though electrons were
injected. In the case of the MEH50/PS50 device, polystyrene is an electrically insulating material, so it blocks the
injection of electrons under low voltage, and the current
density increases beyond a certain critical voltage.

Fig. 4. Current density vs. voltage of the EL devices of MEH/PSS-ionomer
blend at various blending ratios, MEH50/PS50 blend, and pure MEH-PPV.
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In Fig. 5(a) and (b), both the luminance and the EL
quantum efficiency are plotted against the current density
for the blended polymer LED. The MEH50/PSS-ionomer50
device is the brightest and the most efficient. The device has
the highest luminance when compared with the others, at a
current level that can drive the devices. Moreover, its
maximum EL quantum efficiency is 0.13%, which is 10
times higher than that of the pure MEH-PPV device.
The PSS-ionomer and PS are thermally and mechanically
stable polymers. Therefore, when we blend these polymers
with conjugated polymers and fabricate EL devices, we can
expect improved thermal stability of the devices. The
investigations of the normalized PL spectra after annealing
MEH-PPV, MEH50/PSS-ionomer50, and MEH50/PS50
devices at 100 8C during 3 h in a vacuum oven are presented
in Fig. 6. The MEH-PPV and PSS-ionomer blend film
maintains nearly its original form at high temperatures,
without transformation, as contrasted with pure MEH-PPV
film. Because the glass transition temperature (Tg) of the
PSS-ionomer (roughly 104 8C) is much higher than that
of MEH-PPV (roughly 70 8C), the PSS-ionomer chains

Fig. 6. PL spectra of pure MEH-PPV film (&), MEH-PPV film annealed at
100 8C (C), MEH50/PS50 blended film annealed at 100 8C (:), and
MEH50/PSS-ionomer50 blended film at 100 8C (;) during 3 h in vacuum.

prevent the packing and the aggregation of the MEH-PPV
chains at high temperatures. Therefore, a stable PL spectrum
is maintained. It indicates that the devices can be stable
against heat generated in a long-time drive when we apply
the devices composed of conjugated polymers blended with
the PSS-ionomer to EL display.

4. Conclusions
We studied the effects of ionomer in devices with a
conjugated polymer, MEH-PPV, blended with PSS-ionomer. The PSS-ionomer decreased the interchain interaction
of MEH-PPV by means of the dilution effect and increased
the PL intensity of the blended devices. Moreover, ionic
clusters in the ionomer formed local dipoles near the
cathode, which attracted electrons from the cathode.
Because of the enhanced electron injection, the turn-on
voltage and the operating voltage are decreased significantly
and the EL intensity of the 50/50 blended device is
increased more than 4 times, when compared with the
pure MEH-PPV film. We believe that this effect is due to the
synergy effect caused by the enhancement of electron
injection and to the dilution effect. Moreover, the thermal
stability of these devices can be improved with the presence
of PSS-ionomer.
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