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HYBRID POLYMER LIGHT-EMITTING
DEVICES

using luminescent polymers With ionic side chains (poly

electrolyte conjugated polymers), but the operating lifetimes
Were poor [11, 12,13].

RELATED APPLICATIONS
BRIEF SUMMARY OF THE INVENTION

[0001] This application claims the bene?t of Us. Provi
sional Application No. 60/850227 ?led on Oct. 5, 2006,
Which is incorporated herein by reference in its entirety.

draWbacks by providing hybrid polymer light-emitting

FIELD OF THE INVENTION

light emitting diodes (PLEDs) and polymer light-emitting

[0006]

The present invention overcomes the foregoing

devices that combine some of the characteristics of polymer

[0002]

The invention relates to polymer light-emitting

devices.

electrochemical cells (PLECs).
[0007] A soluble mixture is provided comprised of a single
phase combination of a light-emitting polymer and a soluble

BACKGROUND OF THE INVENTION

[0003] Polymer light-emitting devices have been divided
into tWo general types: polymer light-emitting diodes
(PLEDs) and polymer light-emitting electrochemical cells
(PLECs) [1, 2, 3, 4, 5]. The advantages for PLEDs include
fast response and relatively long operating lifetime (With
proper packaging). HoWever, loW Work function cathodes
and/or thin interfacial layers (e.g. LiF) betWeen the metal
and the emitting polymer layer are required. In contrast,
PLECs have relatively loW tum-on voltages (approximately
equal to the band gap of the luminescent semiconducting
polymer), and loW Work function metals are not required.
[0004] One of the serious disadvantages of PLECs, hoW
ever, is the sloW response time (time required for the mobile
ions to diffuse during junction formation). A solution to this
problem is to “freeze” the junction after ion redistribution [6,
7]. A froZen junction system that operates at room-tempera
ture is necessary for practical use. A limiting disadvantage of
PLECs has been the relatively short lifetime compared With
PLEDs [8, 9]. In order to combine the good characteristics
of PLEDs and PLECs, a neW type of emitting system Was

investigated comprising a luminescent polymer doped With
a dilute concentration of an ionic liquid. High performance

hybrid polymer light-emitting devices are reported here.
[0005] The major difference betWeen PLEDs and PLECs
is that the latter possess mobile ions inside the polymer;
therefore, the selection of the mobile ions is one of the keys

to fabricating high performance PLECs. Previously, the
mobile ion systems that have been used fall into three

categories. The ?rst is polyethylene oxide (PEO) containing
Lii salts [2, 3]. CroWn ethers (and derivatives) [9, 10] have
also been used in combination With metal salts. Finally,

polymers With ionic side chains (polyelectrolyte conjugated
polymers) have been used [11, 12,13]. For almost all PLECs,
the additives comprise at least 5 Weight percent (added for
the required mobile ions). More important, these systems
involve tWo-component phase separation With the emitting
polymer in one phase and the mobile ions (e.g. dissolved in
PEO) in a second phase. To create the p-i-n junction of the
LEC, ions must move from one phase into the other; eg

from the PEO into the luminescent polymer. This phase
separation appears to degrade the device performance, espe
cially the lifetime [10]. The phase separation can be attrib
uted to the relatively poor compatibility of the ionic mate

rials (hydrophilic) With host light-emitting polymers
(hydrophobic). In order to reduce the phase separation,

ionic liquid.
[0008] The light emitting polymer of the present invention
is a compound selected from the group consisting of phenyl

substituted poly(para-phenylene vinylene) (PPV) copoly
mer, and its derivatives substituted at various positions on

the phenylene moiety, poly(2-methoxy-5-(2-ethylhexy

loxy)-1,4-phenylene-vinylene) (MEHiPPV), poly?uore
nylene (PF), poly(1,4-phenylene) (PP), and other deriva
tives.
[0009] The ionic liquid of the present invention is a
compound selected from the group of toluene soluble ionic

liquids consisting of methyltrioctylammonium tri?uo

romethanesulfonate, 1-Methyl-3 -octylimidaZolium octylsul
fate, 1-Butyl-2,3-dimethylimidaZolium octylsulfate, 1-octa

decyl-3 -methylimidaZolium
imide,

bis(tri?uoromethylsulfonyl)

l -octadecyl-3 -methylimidaZolium

(penta?uoroethyl)tri?uoropho sphate,

tris
1 ,1 -

dipropylpyrrolidinium bis(tri?uoromethylsulfonyl)imide,
trihexyl(tetradecyl)pho sphonium bis(1 ,2-benZenediolato
(2-)4O,O')borate,
and
N,N,N',N',N"-pentamethyl
N"propylguanidinium tri?uoromethanesulfonate.
[0010]

In a particular embodiment, a soluble phenyl

substituted poly(para-phenylene vinylene) (PPV) copolymer
(“superyelloW”) Was used as the host light-emitting polymer
and methyltrioctylammonium tri?uoromethanesulfonate, an
ionic liquid, Was used to introduce a dilute concentration of

mobile ions into the emitting polymer layer.
[0011] In yet another embodiment of the invention, the
mixture is comprised of a light-emitting polymer With about
a 2% solution of an ionic liquid.
[0012] In one construction of the invention, a mixture is

provided comprised of a combination of a light-emitting
polymer, an ionic liquid With a melting temperature (Tm) of
about 56° C. In other embodiments, a mixture is provided
comprised of a combination of a light-emitting polymer, an
ionic liquid With a melting temperature range of about 50°
C. to 200° C. and a compound selected from a group

consisting of high molecular Weight polystyrene, Poly[[oc
tahydro- 5 - (methoxyc arb onyl) -5 -methyl-4, 7-methano - 1 H

indene-1,3-diyl]-1,2-ethanediyl] (POMME), and polym

ethyl methacrylate (PMMA).
[0013]

In yet another construction, a mixture is provided

comprised of a combination of a light-emitting polymer, an
ionic liquid With a melting temperature range of about 50°
C. to 200° C., and a compound With a Tg range from 80° C.
to 300° C., Where this compound is either a dendrimer
selected from a group consisting of phenylvinylene den

surfactants or bifunctional additives Were introduced into the

drimer, alkylphenyl dendrimer, phenylphenyl dendrimer,

emitting layer and better performance Was reported [14].
Single component PLECS polymers have been fabricated

phenylene dendrimer, carbaZole dendrimer, and phenyla
Zomethine dendrimer; or a cross linkable material selected
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from a group consisting of benZocyclobutene polymer/

point of the ionic liquid. After the frozen-junction has been

copolymer, pentadiene polymer/copolymer, and tri?uorovi

established at room temperature, the devices can be turned

nyl ether derivatives.
[0014] A light-emitting device is also provided that is
comprised of a pair of electrodes, and an emitting polymer
active layer betWeen the pair of electrodes, the emitting
polymer layer comprised of a combination of a light
emitting polymer and an ionic liquid.
[0015] In another embodiment, a light-emitting device is
provided comprised of a pair of electrodes, and an emitting
polymer active layer betWeen the pair of electrodes, the

on at a voltage approximately equal to the band gap of the

emitting polymer layer comprised of a single phase combi

semiconducting polymer; they exhibit fast response at room

temperature With signi?cantly improved performance.
BRIEF DESCRIPTION OF THE DRAWINGS

[0019] For a more complete understanding of the present
invention, reference is noW made to the folloWing descrip

tions taken in conjunction With the accompanying draWing,
in Which:
[0020] FIG. 1(a) shoWs the molecular structures of meth

nation of a light-emitting polymer and an ionic liquid, in
Which the device is formed by the process of precoating a

yltrioctylammonium tri?uoromethanesulfonate (MATS) and

glass substrate With indium-tin-oxide; spin-casting upon the
indium-tin-oxide -coated glass substrate, a thin layer of
soluble polymer; depositing onto the layer of soluble poly

con?guration;

mer, a layer of a solution comprising the host light-emitting

the open circuit status;

polymer and the ionic liquid containing a concentration of
mobile ions, and evaporating aluminum through a mask to
form a cathode. In a particular embodiment, this light

emitting device has phenyl-substituted poly(para-phenylene
vinylene) (PPV) copolymer as the light-emitting polymer,
and methyltrioctylammonium tri?uoromethanesulfonate as

the ionic liquid.

superyelloW;
[0021]

[0022]

FIG. 1(b) is a schematic depiction of the device

FIG. 1(c) is the schematic energy level diagram for

[0023] FIG. 2(a) is the photoluminescence spectra of 2 Wt
% MATS in superyelloW (solid lines) and pure superyelloW
(dash lines) in 6 mg/ml toluene solution;
[0024] FIG. 2(b) is the photoluminescence spectra of 2 Wt
% MATS in superyelloW (solid lines) and pure superyelloW
(dash lines) in solid thin ?lms;
[0025] FIG. 3(a) shoWs current-voltage (I-V) and bright

[0016] A method for generating a useful level of light is
provided comprised of applying a voltage across the anode
and cathode of a light emitting-device comprising a pair of

ness-voltage (B-V) curves of device ITO/PEDOT/2 Wt %

electrodes, and an emitting polymer active layer betWeen the
pair of electrodes, Where the emitting polymer layer is

device With structure of ITO/PEDOT/2% MATS in

comprised of a single phase combination of a light-emitting
polymer and an ionic liquid, and detecting the light emitted
from the device.

[0017]

An advantage of the mixtures and light-emitting

MATS in superyelloW/Al;
[0026] FIG. 3(b) is the electroluminescence spectra of the

superyelloW/Al (solid line) and reference device With struc
ture of ITO/PEDOT/superyelloW/Al (dash line);
[0027]

FIG. 4(a) is an atomic force microscope (AFM)

picture for a thin ?lm of 2 Wt % MATS in superyelloW;
[0028] FIG. 4(b) is an AFM picture for a thin ?lm of pure

devices of the present invention are that they exhibit excel
lent current-recti?cation diode properties, short response

superyelloW;

time, a single-phase active layer, and long operating life

photovoltaic effects of the devices before heating (solid
square), after 80° C. heating for 1 minute (empty circle), and
after 80° C. heating under 4V forWard bias (solid triangle);

time. Neither the use of a loW Work function metal nor an

interfacial layer is required to achieve good electron injec

[0029]

FIG. 5 shoWs current-voltage (I-V) curves of the

tion from the cathode. The ions inside the luminescent

[0030]

semiconducting polymer can be redistributed by applying a
voltage at a temperature above the melting point of the ionic
liquid. After the frozen-junction has been established at

PEDOT/2% MATS in superyelloW/Al device;
[0031] FIG. 7(a) shoWs the molecular structure of poly

room temperature, the devices can be turned on at a voltage

With signi?cantly improved performance.

[0032] FIG. 7(b) is the EL spectrum of the device;
[0033] FIG. 7(c) shoWs brightness vs time for the ITO/
PEDOT/ 1.6% MATS+20% PS in superyelloW/Al device;
[0034] FIG. 8(a) shoWs the molecular structure of Poly

[0018]

[[octahydro-5-(methoxycarbonyl)-5-methyl-4,7-methano

approximately equal to the band gap of the semiconducting
polymer; they exhibit fast response at room temperature
The present invention overcomes the foregoing

drawbacks by providing hybrid polymer light-emitting
devices that combine some of the characteristics of polymer

light emitting diodes (PLEDs) and polymer light-emitting
electrochemical cells (PLECs). A soluble phenyl-substituted

poly(para-phenylene vinylene) (PPV) copolymer (“su
peryelloW”) Was used as the host light-emitting polymer and
methyltrioctylammonium tri?uoromethanesulfonate, an

styrene (PS);

lH-indene-l ,3 -diyl] - l ,2-ethanediyl] (POMME);
[0035] FIG. 8(b) is the EL spectrum of the device; and
[0036] FIG. 8(c) shoWs brightness vs time for the ITO/
PEDOT/ 1.5% MATS+25% POMME in superyelloW/Al
device.
DETAILED DESCRIPTION OF THE
INVENTION

ionic liquid, Was used to introduce a dilute concentration of

mobile ions into the emitting polymer layer. Similar to
PLEDs, they exhibit excellent current-recti?cation diode
properties, short response time, a single-phase active layer,
and long operating lifetime. Neither the use of a loW Work
function metal nor an interfacial layer is required to achieve

good electron injection from the cathode. The ions inside the
luminescent semiconducting polymer can be redistributed
by applying a voltage at a temperature above the melting

FIG. 6 shoWs brightness vs time for the ITO/

[0037]

In the devices described here, We utiliZed the

simplest sandWich structure for the device con?guration
With poly(3,4-ethylenedioxythiophene)-poly(styrene sul

fonate) (PEDOT-PSS) coated indium-tin-oxide (ITO) glass
as the anode and aluminum as the cathode. A soluble

phenyl-substituted poly(para-phenylene vinylene) (PPV)
copolymer (“superyelloW” from Merck KGaA, Frankfurter
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(MATS) Was used to introduce a dilute concentration of

about 4 A/ s). Schematic diagrams of the device structure and
the relevant energy levels of the various components (for
open circuit conditions) are shoWn in FIGS. 1(b) and 1(0).
[0044] All the electrical measurements Were performed

mobile ions into the emitting polymer layer. The molecular

under nitrogen in the glove box. The current-voltage (I-V)

structures of MATS and superyelloW are shoWn in FIG. 1(a).

characteristics Were recorded by a computer controlled

Str. 250, 64293 Darrnstadt, Germany) Was selected as our

host light-emitting polymer and an organic ionic liquid,
methyltrioctylammonium
tri?uoromethanesulfonate

[0038] In other embodiments, light emitting polymers
other than phenyl-substituted poly(para-phenylene
vinylene) (PPV) copolymer, and its derivatives substituted at
various positions on the phenylene moiety, can be used
including, but not limited to poly(2-methoxy-5-(2-ethyl

hexyloxy)-1,4-phenylene-vinylene) (MEHiPPV), poly

Keithley 236 source-measure unit (SMU). When the devices
Were tested for the ?rst time Without any prior heat treat
ment, their behavior Was just like that of a PLED With Al as
cathode: the tum-on voltage Was over 6 volts With relatively

loW brightness and loW efficiency even at high operating

derivatives. In general, the derivatives can have alkyl,

voltage. Under 4V forWard bias, the current Was in the range
of a feW uA/cmz. The electrical behavior Was asymmetric
(characteristic of a diode). Light emission Was not observed

alkoxyl, phenyl, and phenoxyl groups.

in reverse bias.

[0039] In other embodiments, toluene soluble ionic liquids
other than methyltrioctylammonium tri?uoromethane

[0045] When the devices Were heated to around 800 C.
under 4V forWard bias, the current increased by a factor of
approximately 2000 and reached 10 mA/cm2 in about 1.5
minutes. The heating temperature Was purposely chosen to

?uorenylene (PF), poly(1,4-phenylene) (PP), and other

sulfonate can be used including, but not limited to, 1-Me

thyl-3-octylimidaZolium octylsulfate, 1-Butyl-2,3-dimeth
1 -octadecyl-3 -methylimidaZolium tris(penta?uoroethyl)trif

be above the melting point of MATS and close to the glass
transition temperature (Tg) of superyelloW so that ions Were
generated and could move under the in?uence of the applied

luorophosphate, 1,1-dipropylpyrrolidinium bis(tri?uorom
ethylsulfonyl)imide, trihexyl(tetradecyl)phosphonium bis(1,

electrical ?eld. The devices Were subsequently cooled to
room temperature under 4 V forWard bias. After cooling, a

2-benZenediolato(2-)4O,O')borate, and N,N,N', N',
N"-pentamethyl-N"-propylguanidinium tri?uoromethane

froZen p-i-n junction Was formed in the device. Experiments

ylimidaZolium

methylimidaZolium

octylsulfate,

1-octadecyl-3 -

bis(tri?uoromethylsulfonyl)imide,

sulfonate.

[0040] The merits of MATS include its good solubility in
common organic solvents, such as toluene, hexane, and

acetonitrile, and its relatively high decomposition tempera

shoWed that the junction remained stable for more than 10
hours Without application of an electrical ?eld.
[0046] The devices demonstrated all characteristics of

high performance PLEDs: high brightness, high e?iciency,

ture (approximately 2200 C.). Because MATS has a melting

short response time, and long continuous operating time. In
addition, they demonstrated the good characteristics of

temperature of approximately 56° C., frozen junction

PLECs, including very loW turn-on voltage With the use of

devices can be prepared for operation at room temperature.

a stable cathode material.

[0041]

Other solvents can include 1,1-dichloroethane, 1,2

[0047] FIG. 3(a) shoWs the current-voltage (I-V) and

dichloroethane, dichloromethane, benZene, dialkylbenZene,
dialkoxylbenZene, chloroform, hexane, cyclohexane, and
cyclohexanone.

brightness-voltage (B-V) curves. The turn-on voltages are as

[0042]

to the band gap of the superyelloW semiconducting polymer.
Leakage currents beloW turn-on are quite small. The bright

For device fabrication, the materials Were used as

received Without further puri?cation. MATS and superyel
loW Were both dissolved into toluene at a Weight ratio of

1:50 in a nitrogen-?lled glove box (oxygen level under 3
ppm); the total concentration of the solution Was 6 mg/ml.
Solid thin ?lms Were prepared by spin casting from this
solution in the glove box. SuperyelloW With 2% MATS
shoWs strong photoluminescence (PL) both in solution and
in the solid state With almost identical spectra. FIG. 2 shoWs

the PL spectra of superyelloW containing 2% MATS (solid
lines) and pure superyelloW (dash lines) both in solutions
(FIG. 2(a)) and as solid thin ?lms (FIG. 2(b)).
[0043]

Polymer light-emitting devices Were fabricated on

patterned ITO-coated glass substrates, Which had been
cleaned by successive ultrasonic treatment in detergent,
acetone, and isopropyl alcohol. The ITO glass Was then
subjected to UV-oZone treatment for about 30 minutes. A
thin layer of PEDOT-PSS ?lm Was spin-cast onto the ITO
glass substrate With a spin speed of 4000 rpm for 1 minute
and then baked at 120+ C. for 20 minutes in ambient. The
polymer layers Were then spin-cast from the solution con

loW as 2.2V (tum-on de?ned as the voltage required for

achieving a brightness of 1 cd/m2); i.e. approximately equal
ness reached 10,000 cd/m2 at around 9V. The light emission
is from superyelloW With almost identical electrolumines
cence (EL) spectrum as that obtained from the reference

superyelloW PLED (structure of ITO/PEDOT/superyelloW/
Al). The tWo spectra are shoWn in FIG. 3(b). The current
recti?cation ratio Was typically greater than 104. The device
ef?ciency Was 3.3 cd/A.
[0048] The use of chemical additives is knoWn to play an

important role in electron injection, carrier transport, and
exciton energy con?nement [4, 15, 16,17]. When tWo or
more materials are used in a blend, the material compatibil

ity or mutual solubility is one of the keys to high perfor

mance devices, especially for long time operation [18, 19].
Therefore, the, proper selection of organic material compo
nents is an important issue.

[0049] We ?nd that MATS shoWs excellent compatibility
With superyelloW. This Was con?rmed by atomic force
microscope (AFM) studies as shoWn in FIG. 4(a). FIG. 4(b)
shoWs the AFM image of the control ?lm of pure superyel

taining 1:50 Weight ratio of MATS and superyelloW in

loW. Both Were prepared on top of PEDOT-PSS coated ITO

toluene With a speed of 1500 rpm for 1 minute in the

glass With a spin speed of about 1500 rpm and then baked
on hot plate at 800 C. for about 25 minutes in the glove box.
Then both ?lms Were stored in the glove box for about 12
days before measurement so that any possible phase sepa
ration can develop. Phase separation should be easily iden

nitrogen glove box. The Al cathode Was evaporated through
a shadow mask With an active area of approximately 14.8
mm (deposition of the aluminum cathode Was carried out

under a base pressure of ~1><10_6 Torr With deposition rates
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ti?ed. In the AFM pictures, there is no evidence of phase

[[octahydro-5-(methoxycarbonyl)-5-methyl-4,7-methano

separation. The tWo ?lms shoW high surface quality and

1H-indene-1,3 -diyl]-1,2-ethanediyl] (POMME), and polym

similar morphologies With similar uniformity, gain siZe, and
height variation. The room-mean-square (RMS) roughness

ethyl methacrylate (PMMA).
[0055] High molecular Weight polystyrene (PS), MW

of both is about 0.7 nm, Which means they remain quite

1x106, has a glass transition temperature, T8, of about 1100

smooth after relatively long time storage.

C. High molecular Weight PS can be utiliZed to enhance the

[0050] The single-phase nature means the system is ther
modynamically stable, one of the key characteristics of
stable material systems. Phase separation exists in almost all

out introducing phase separation because the excellent com

kinds of PLECs studied previously; including interpenetrat

ing netWorks [14], needle-shaped fronts [12, 20], spherical
aggregates [11], and large-scale topographical separation
[21]. In our emitting layer, the MATS comprises only 2
Weight percent in the solid thin ?lms. As a result of the good
solubility of MATS in superyelloW, the ?lms exhibited
properties almost identical to those of pure superyelloW
?lms. The stability of this material system With the ionic
liquid additive is the most important reason for the long
operating lifetime of the devices.
[0051] In order to investigate the origin of the diode

junction inside the device during operation, photovoltaic
e?fect measurements Were performed and the open circuit

voltages (V06), Which provide information on the built-in
potentials of the device, Were recorded. The photocurrent
Was measured under AM 1.5 solar illumination at 100

mW/cm (1 sun) in nitrogen glove box. FIG. 5 shoWs the
current-voltage (I-V) curves of the photovoltaic effects
before and after device operation. The original V06 of the
devices is around 125V and there is almost no V06 change

stability of the hybrid polymer light-emitting devices With
patibility of PS and superyelloW. The high molecular Weight
PS Was dissolved into toluene and then blended With pre

viously described superyelloW solution containing 2 Wt %
MATS. The Weight ratio of PS and superyelloW Was 1:4 and

consequently the Weight percent of MATS in the solution
Was diluted to 1.6%. Thin ?lm formation and device fabri
cation processes Were exactly same as the methods

described above. FIGS. 7(a) and (b), and (0), respectively,
shoW the molecular structure of PS, the EL spectrum of the

devices, and the brightness vs time. Again, longer term
lifetime measurements are underWay. Compared With FIG.

6, the continuous operating lifetime has been enhanced.
[0056] The addition of the PS into this system causes the
EL spectrum to be shifted slightly toWard the green; the
half-Width of the emitting spectrum Was less than that
Without the addition of PS. This phenomenon can be under
stood as a solid solution concentration effect. The superyel

loW has been diluted in this system causing a reduction in
aggregation and/or J'lZ-J'IZ stacking effects. Note that the PL
intensity of a ?lm With PS inside actually increases by about
30% compared that from a ?lm Without PS, but Without
signi?cant change in either the half-Width or the intensity of

after thermal treatment at 800 C. for about 1 minute. The I-V
curves of the devices before and after heating are nearly

the shoulder peak (data not shoWn). The origin of these

identical, Which implies no chemical reaction betWeen the
Al cathode and the polymer active layer. The mobile ions
Were uniformly distributed in the Whole polymer layer since

the reduction of any residual concentration quenching as a

there Was no built-in electric ?eld in the devices. The

4,7-methano-1H-indene-1 ,3 -diyl] -1 ,2-ethanediyl]

charging effect is obvious in the data; When devices Were
heated around 800 C. under 4V forWard bias, the V06
increased by about 0.55 eV to 1.8 eV after charging and
cooling doWn to room temperature. The measured V06 of
about 1.8 eV is comparable to the band gap of the emitting
polymer. As a result of the electrochemical doping near the
anode and cathode interfaces, there are very small barriers

for both electron and hole injection and consequently device
turn-on voltages are very close to the band gap of the

semiconducting polymer [22]. This advantage re?ects one of
the most important characteristics of PLECs.
[0052] One of the most important characteristics of the

differences is not understood in detail, but generally relate to

result of the dilution by the PS.

[0057] Poly[[octahydro-5-(methoxycarbonyl)-5-methyl
(POMME) is a polymer With high T8 of approximately 1600
C. POMME can also be dissolved into toluene and then

blended into the superyelloW solution containing 2 Wt %
MATS Without phase separation. In our experiments, the
Weight ratio of POMME and superyelloW Was 1:3 and
consequently the Weight percent of MATS in the solution
Was diluted to 1.5%. The thin ?lm and device fabrication

folloWed the same procedure. FIGS. 8(a), 8(b) and 8(0),
respectively, shoW the molecular structure of POMME, EL
spectrum, and the brightness vs time. A hybrid polymer
light-emitting device With 25% POMME has been continu

ously operated at constant voltage, unpackaged in a glove

devices fabricated With the ionic liquid as the source of

box, With initial brightness over 100 cd/m2 for more than 2

mobile ions is the long continuous operating lifetime even
compared With regular PLEDs. The brightness vs time is

than 50%. The froZen junctions after ion redistribution are

shoWn in FIG. 6. Longer term lifetime measurements are

also more stable.

underWay.
[0053] The lifetime of this neW type of hybrid light
emitting devices can be further enhanced by introducing

months. During this period, the brightness decreased by less
[0058] Additional methods for fabricating stable devices
include the introduction of supermolecular structures; for
example, dendrimers, or cross-linkable materials into the

high glass transition temperature, Tg, components into this

hybrid polymer light-emitting system. Because the dendrim

system. This concept, Well knoWn in the ?eld of poled
nonlinear optical (NLO) materials [23] has been demon

be considered as polymers With almost “in?nitely” high Tg,

strated as an effective method to obtain longer lifetimes for

long lifetimes can be expected. The froZen junction in the

ers generally possess high T8 and cross-linked materials can

the hybrid light-emitting devices. The froZen junction after

devices should also be stabiliZed by the addition of cross

ion redistribution can also be stabiliZed by the addition of

linkable materials. There are many excellent candidate

high Tg components.

material systems knoWn in the literature of organic nonlinear

[0054]

optics [23]. The ideas used for stabiliZing the poled NLO
materials are directly applicable to the hybrid polymer

Compounds With suitable Tg include, but are not

limited to, high molecular Weight polystyrene (PS), Poly
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light-emitting devices. On the other hand, ionic liquids With
higher melting points can also be introduced to improve the
device stability, the continuous operating lifetime and the
froZen junction inside the devices.
[0059]

Dendrimers that can be used include, but are not

limited to, phenylvinylene dendrimer, alkylphenyl den
drimer, phenylphenyl dendrimer, phenylene dendrimer, car
baZole dendrimer, and phenylaZomethine dendrimer. Cross
linkable materials that can be used include, but are not

limited to, benZocyclobutene polymer or copolymer, penta
diene plymer and copolymer, and tri?uorovinyl ether deriva
tives. In general, the derivatives can have alkyl, alkoxyl,
phenyl, and phenoxyl groups.

[0076] 14. Y Cao, G. Yu, A. J. Heeger, C. Y Yang, Appl.
Phys. Lett. 68, 3218 (1996).
[0077] 15. Y Hamada, H. Kanno, T. Tsujioka, H. Taka

hashi, T. Usuki, Appl. Phys. Lett. 75, 1682 (1999).
[0078] 16. Y Shao, Y. Yang, Appl. Phys. Lett. 86, 073510

(2005).
[0079] 17. T-H Kim, H. K. Lee, O. O. Park, B. D. Chin,
S-H Lee, J. K. Kim, Adv. Funct. Mater. 16, 611 (2006).
[0080] 18. L. D. BoZano, K. R. Carter, V. Y Lee, R. D.

Miller, R. DiPietro, J. C. Scott, J. Appl. Phys. 94, 3061

(2003).
[0081]

19. Y Shao, Y Yang, Adv. Funct. Mater. 15, 1781

(2005).

[0060] As solvents, one can use organic solvent Which, in
addition to the aforementioned toluene, hexane and aceto

[0082] 20. Y Hu, C. Tracy, J. Gao, Appl. Phys. Lett. 88,
123507 (2006).

nitrile, can include 1,1-dichloroethane, 1,2-dichloroethane,

[0083] 21. F. P. WenZl, P. Pachler, C. Suess, A. Haase, E.
J. W. List, P. Poelt, D. Somitsch, P. Knoll, U. Scherf, G.
Leising, Adv. Funct. Mater. 14, 441 (2004).
[0084] 22. L. Edman, M. A. Summers, S. K. Buratto, A. J.

dichloromethane, benzene, dialkylbenZene, dialkoxylben
Zene, chloroform, hexane, cyclohexane, and cyclohexanone.
[0061] In summary, a neW type of hybrid polymer light
emitting device has been demonstrated. These devices, With
carefully chosen liquid electrolyte materials as additives,

Heeger, Phys. Rev. B 70, 115212 (2004).
[0085] 23. F. KajZar, K-S Lee, A. K-Y Jen, “Polymeric

combine the characteristics of both PLEDs and PLECs.

Materials and their Orientation Techniques for Second
Order Nonlinear Optics” in book of “Advances in Poly

After the froZen junction is formed, the devices exhibit all
the good characteristics of both PLEDs and PLECs includ

mer Science”, Volume 161, Springer Berlin/Heidelberg

ing excellent current-recti?cation (>104), fast response, high

(2003).

brightness (>10,000 cd/M2), high ef?ciency (>3.3 cd/A),
loW tum-on voltage (2.2V), stable Al cathodes, and long
operating lifetimes.
[0062] Although the present invention has been described
in connection With the preferred embodiments, it is to be
understood that modi?cations and variations may be utiliZed
Without departing from the principles and scope of the
invention, as those skilled in the art Will readily understand.

1. A soluble mixture comprising a single phase combina
tion of a light-emitting polymer and a soluble ionic liquid.
2. The mixture of claim 1, Wherein said light-emitting

polymer is a compound selected from the group consisting

of phenyl-substituted poly(para-phenylene vinylene) (PPV),
poly(2 -methoxy-5-(2 -ethylhexyloxy)-1 ,4-phenylene-vi
nylene) (MEH-PPV), poly?uorenylene (PF), poly(1,4-phe
nylene) (PP), and derivatives thereof.
3. The mixture of claim 2, Wherein the compound is
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Zolium octylsulfate, 1-octadecyl-3-methylimidaZolium bis
(tri?uoromethylsulfonyl)imide,

tri?uoropho sphate,

1 -octadecyl-3 -

tris(penta?uoroethyl)
1,1-dipropylpyrrolidinium

bis

trihexyl(tetradecyl)

phosphonium bis(1,2-benZenediolato(2-)i0,0')borate, and
N,N,N',N',N"-pentamethyl-N"propylguanidinium tri?uo
romethanesulfonate.
5. The mixture of claim 4, Wherein the ionic liquid is

methyltrioctylammonium tri?uoromethanesulfonate.
6. The mixture of claim 1, Wherein the ionic liquid has a
melting temperature range of about 50° C. to 200° C.
7. The mixture of claim 6, Wherein the ionic liquid has a

melting temperature of about 56° C.
8. The mixture of claim 1, Wherein the light-emitting
polymer is used With about a 2% solution of the ionic liquid.
9. The mixture of claim 1, Wherein the light-emitting
polymer is a phenyl-substituted poly(para-phenylene

vinylene) (PPV) copolymer and the ionic liquid is methyl
trioctylammonium tri?uoromethanesulfonate.
10. The mixture of claim 1, further comprising a com
pound With a T8 range from 80° C. to 300° C.
11. The mixture of claim 10, Wherein the compound is

selected from a group consisting of high molecular Weight
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polystyrene, Poly[[octahydro-5-(methoxycarbonyl)-5-me
thyl-4,7-methano-1H-indene-1,3 -diyl] -1 ,2-ethanediyl], and

polymethyl methacrylate (PMMA).
12. The mixture of claim 10, Wherein the compound is
selected from a group consisting of phenylvinylene den

drimer, alkylphenyl dendrimer, phenylphenyl dendrimer,
phenylene dendrimer, carbaZole dendrimer, and phenyla
Zomethine dendrimer.
13. The mixture of claim 10, Wherein the compound is
selected from a group consisting of benZocyclobutene

iv) evaporating aluminum through a mask to form a
cathode.
16. The light-emitting device of claim 15, Wherein the

light-emitting polymer is a phenyl-substituted poly(para
phenylene vinylene) (PPV) copolymer and the ionic liquid is
methyltrioctylammonium tri?uoromethanesulfonate.
17. The light-emitting device of claim 15, further com
prising a compound With a T8 range from 80° C. to 300° C.
18. A method for generating a useful level of light

comprising:

homopolymer, benZocyclobutene copolymer, pentadiene

applying a voltage across the anode and cathode of a light

homopolymer and copolymer, and tri?uorovinyl ether

emitting-device comprising a pair of electrodes, and an

derivatives.

emitting polymer active layer betWeen the pair of
electrodes, said emitting polymer layer comprising a
single phase combination of a light-emitting polymer

14. A light-emitting device comprising a pair of elec
trodes, and an emitting polymer active layer betWeen the

pair of electrodes, said emitting polymer layer comprising a
single phase combination of a light-emitting polymer and an

ionic liquid.

and an ionic liquid, and

detecting the light emitted from said device.
19. A mixture comprising a combination of a light

emitting polymer and an ionic liquid, Wherein said combi

15. A light-emitting device comprising a pair of elec
trodes, and an emitting polymer active layer betWeen the

nation is co-soluble in a selected solvent and capable of

pair of electrodes, said emitting polymer layer comprising a

forming a single phase material.

single phase combination of a light-emitting polymer and an
ionic liquid, said device formed by the process of:

20. The mixture of claim 19, Wherein the solvent is
selected from a group consisting of toluene, hexane, aceto

i) precoating a glass substrate With indium-tin-oxide;
ii) spin-casting upon said indium-tin-oxide -coated glass
substrate, a thin layer of soluble polymer;
iii) depositing onto the layer of soluble polymer, a layer
of a solution comprising the host light-emitting poly
mer and the ionic liquid containing a concentration of

mobile ions, and

nitrile,

1,1-dichloroethane,

1,2-dichloroethane, dichlo

romethane, benZene, dialkylbenZene, dialkoxylbenZene,
chloroform, hexane, cyclohexane, and cyclohexanone.
21. The mixture of claim 19, Wherein the solvent is
toluene.

