WD 2004/ 018544 PCT/ US2003/ 026332 METHODS FOR DI RECTLY
PRODUCI NG STABLE AQUEQUS DI SPERSI ONS OF ELECTRI CALLY

WEINDYGEENG POLYANI LI NES FI ELD OF THE | NVENTI BXr/8S200&026332

10

15

20

25

30

35

I NVeNiIETHOBEHER DIREGEL VFRODURSINEP YT ABL EPAOY g SOf

of “DHSRERSIANETAE KR CPRROA B CallBh NG BOTaENEINES

poI ynmer light emtti ng di odes. BACKGROUND OF THE
| NVENTI ON  El ectri mers have been
used in the 10 devﬁ de]’:’ﬁ‘ lem nescent (EL)
devi ceshe dvendienirelatesytot them%sﬂ)f\aﬂuedus olispessiors of

d@r@c%%n esnd@cgm rmwrm.ﬂ\é&mthégarsaua ddf%i'@&rc(@nﬁ%%kem

nt.al ni t'i ng polynmers denera
gPY'@%\? rﬁyc B @8t Ty P@MRIA: P@M@@é)lﬁm‘@r@ﬁtm%}@ﬂﬁa

I00|t ymer/ Catthd;BAGI?Gﬁ@ltJ)N'DJ@F THEtIMVE@?’fIth)N any t
mat er i at has .the a ec into
The" ot placdiely PRRabad Bolkineto hys BbEE heea g i ng, £
pdéyeieprgeehafrelastrolﬁnnnemlrpﬂile) devicksuiior Use inkghlisemissive
s
'Eé)faa{st. T A SduiPEs bR X “%ﬁ‘tg fHreLéipB8s for BR]

c@@ﬂ agm&aomcﬁemmwmaa generaby thQHowwg configuration:
poly(paraphenyleneV|nylene) or polyfluorene The

o 'Bay that hacananel Aol BYSTEL pRhERTCAEMS ons i o
the otherw se enpty 7r*-band of the semi conducti ng,
Chpe kBB s PRI 4 ShalePibind Bab P SE) o JpeRE L A8
fmﬁthﬁ@w%@lﬁﬂ@ nﬂ:ta@dtcbfetheLsepucmmtmgyEt pofymeet stitleas, for
'éﬂ(@rh I"eamdﬁlrﬁ/ﬂnt@q&@ l*[@? q H@ér%dé“pﬁ%‘lﬂlbﬂall)} §t¥e;§‘}50rtéﬂ ona

hol e ort. la acterl z Joar
09'858 8f PE%?EF syh W5 EkiPobneriedyrieallya conitogte
e%}hmldugmmlﬁmrclgam@% debé%h@ﬂWéﬁ@Vi‘nMéﬁe@ Bani )
2 g

RolyaSTele; MRS KpEAfLARY masesh(sudhasygge Ca or
nBa)sthaahas shreealbilityi toahjey.t pleepans ihtb yhepothemwisezémgty n+-band
a@l‘ﬂhb%rﬂ&ondﬂ{gﬂﬁ%t ﬁLWﬂg nononers i n aqueous

nce

solutigon In of a polyneric acid, such as
pol y( sThe euéeriinyenisdyricaty a(cpssmtlngopwmer rndvacilitates the

HE;éB’nBﬁ%ﬁmw%emmhm %nB@étilﬁt@%é ELPpoIWEFPa"ﬁ:\f afrhé uffer,

gvallale roml—l ever k sen

GVpLE S Srlleg 3 RoBrPiRcP Eek, & Nolprensnay BYSE O
f mam becchevasterizéd pe pairoofa bilay&ir anbde c Jlybicat condiedtingd

Cp URES oy B R8s fclua P BRI Par aea by

f pelygioxylbiophengs sHeh @@rnﬂhyiﬁwetrwmmedmyympm@@)cm&m)

Rh&sd Rlatdriigare typically prepared by polymerizing aniline or
dioxythiophene monomers in aqueous solution in the presence of a
polymeric acid, such as poly(styrenesulfonic acid) (PSSA). A well known
PEDT/PSSA material is Baytron®-P, commercially available from H. C.
Starck (Leverkusen, Germany).

Buffer layers used in EL devices are typically cast from aqueous
dispersions of electrically conducting polymers and a polymeric acid.
Aqueous PAni dispersions are well known and are usually prepared by
first isolating the conductive PAni/polymeric acid material (e.g.,
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s’ is at least 80% of the initial viscosity. In another embodiment, the
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invention method, an aqueous solution is contacted with an acidic, cation

exchange resin and a basic, anion exchange resin under conditions
suitable to increase the pH of the resulting dispersion to greater than 1.5.
In one embodiment the pH is greater than 3. Using a less acidic or high
pH material leads to significantly less etching of the indium/tin oxide layer
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Light emission measurement:
Current vs. voltage, light emission intensity vs. voltage, and efficiency
were measured with a Keithley 236 source-measure unit (Keithley
Instrument Inc., Cleveland, OH), and a S370 optometer with a calibrated
silicon photodiode (UDT Sensor, Inc., Hawthorne, CA).
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AN fyd R€edle. The syringe was connected to a Harvard Apparatus 44
Syringe Pump programmed to add the ammonium persulfate (APS) over
30 minutes. During the addition of APS, temperature of the mixture was
about 23 °C. The reaction mixture turned blue one minute after addition of
APS began and started to darken. After addition of the APS solution was
completed, the reaction was allowed to proceed for 24 hours with constant
stirring.

After 24 hours, the reaction mixture was poured into a 4L plastic
Nalgen® beaker, agitation from the overhead stirrer was started, and
acetone (2000 L) was poured into the 4L beaker. Stirring of the acetone
mixture continued for 37 minutes. Once stirring was stopped, the mixture
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was 6.2 g. Fromthe PAni/PAAMPSA pol ynmer synt hesi zed
above a | w % aqueous dispersion was prepared for
WO 2@ae088584 neasurenent by mixing 0.1038 g of BEEUS2003/026332

PAni / PAAMPSA with 9.9154 g deionized water. Once 20
nade, viscosity of. the di spdP®®h was det er ni ned

150y ol AP S G Rl See i repaiBnarelone

are shown as the vi scosmlpeecuaitatdny zero in Table I.

able T  also shoWws the viscosity_of the aqueous
i spersion after storing at room 'Q‘@ﬁﬁlér e for 7
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illustrates that a 1.0 Wt % PAni / PAAMPSA aqueous
spersion—whereih—acetone precipitatipon is replaced
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y treatmgnt with|iogs; 34pxchange: pgsi ns (hqtsm)n mﬂm)

viscosity stabilify and light enmifting orooertles

used in an EL device. 60.64 g (43 89 mmol es of acid

nonomer units) PAAVP dri t # 19,197-3, lot #
07623E0, MWV - 2 mlllﬁP(%Ai &C)@B?R in water) was

i nt r odiibEdexamplejiticdtetesithaha 1.0 ver% tRARARARIRSA dduedus
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o RaBRF4 S FhES reRRr 2ck! fionRm s RRADIEA thiich
nmCat #rd, 105-3aldt @B 23& G tNIY, ~fomillomers %asaditl in water) was
BRI ol BRRSHE bl ol AL e 9
10  Comparative Example 1, followed by 335.21 g delonlzed water. Stirring
of the PAAMPSA/water mixture began and polymerization was carried out
in the same manner as in Comparative Example 1. Distilled aniline (4.0
ml, 43.9 mmoles) was added to the flask via a transfer pipette and the
mixture was allowed to stir for a period of approximately one hour. While
15  being stirred, 5.01 g (21.954 mmoles) ammonium persulfate (99.999+%
pure from Aldrich) was massed into a scintillation vial, the mass was
mixed with 15.24 g deionized water, and the mixture was placed in a
Norm-Ject 30 ml syringe, which was connected to the tube in the flask
using a 17-gauge syringe needle. The syringe was connected to a
20  Harvard Apparatus 44 Syringe Pump, which was programmed to add the
ammonium persulfate (APS) over 60 minutes. During the addition of APS,
the temperature of the mixture was about 23 °C. Within two minutes of
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plasma. The ITO substrates used for electrical conductivity tests were
prepared with parallel etched-lines of ITO for measurement of electrical
resistance. The ITO substrates for light emission measurements were
prepared with 15 mm x 20 mm area of ITO for light emission.

The aqueous PAni/PAAMPSA dispersion was spin-coated onto the
ITO/glass substrates at a spinning speed of 1000 rpm to yield a thickness
of 126 nm. The PAni/PAAMPSA coated ITO/glass substrates were dried
in nitrogen at 90°C for 30 minutes. Electrical conductivity of the
PAni/PAAMPSA film was determined to be 1.1 x 10 S/cm.

For light emission measurements, the PAni/PAAMPSA layer was
then top-coated with a super-yellow emitter (PDY 131), which is a
poly(substituted-phenylene vinylene) (Covion Company, Frankfurt,
Germany). The thickness of the electroluminescent (EL) layer was
approximately 70 nm. Thickness of all films was measured with a
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the reaction mixture for about 40.0 % dilution, which amounts to 1.25 wt%
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25 7. The nethod of claim1, wherein the pHis greater
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resin is a basic, anion exchange resin.

10.  The method of claim 9, wherein said basic, anion exchange
resin is selected from a tertiary amine anion exchange resin or a
quaternary amine anion exchange resin.

11.  The method of claim 1, wherein the stable aqueous
dispersion remains at substantially constant viscosity for at least about
one month.

12. The method of claim 1, wherein the conditions comprise
contacting the as-synthesized aqueous dispersion with the ion exchange
resin for at least about 1 hour at room temperature.
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b) contacting said as-synthesi zed aqueous di spersion
wth an acidic, cation exchange resin and a basic,
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21. A method for reducing conductivity of a polyaniline/polymeric
acid buffer layer cast from aqueous solution onto a substrate to a value
.less than about 1 x 10 S/cm, comprising contacting the aqueous solution
with an acidic, cation exchange resin and a basic, anion exchange resin
under conditions suitable to reduce conductivity of a polyaniline/polymeric
acid buffer layer cast therefrom.

22.  Abuffer layer produced according to the method of claim 21.
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hours, and further wherein the viscosity neasured
after 504 hours is at |least 75%of the initial

wo@gosisty. 30. A stabl e aqueous di spersion of PERUS2003/026332
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26.  The dispersion of Claim 25 wherein the electrically
conducting polyaniline comprises an acid/base salt of the emeraldine base
of polyaniline and poly(2-acrylamido-2-methyl-1-propanesulfonic acid.

27.  The dispersion of Claim 25 wherein the viscosity measured
after 336 hours is at least 90% of the initial viscosity.

28.  The dispersion of Claim 25 wherein the viscosity measured
after 504 hours is at least 75% of the initial viscosity.

29. The dispersion of Claim 25 wherein the electrically
conducting polyaniline dispersion has a viscosity measured after 504
hours, and further wherein the viscosity measured after 504 hours is at
least 75% of the initial viscosity.

30. A stable aqueous dispersion of an electrically conducting
polyaniline produced according to the method of Claim 1.

31. A stable aqueous dispersion of an electrically conducting
polyaniline produced according to the method of Claim 18.

32. A method for increasing the pH of an aqueous dispersion of
polyaniline/polymeric acid to a value greater than 1.5, comprising
contacting the aqueous dispersion with an acidic, cation exchange resin
and a basic, anion exchange resin under conditions suitable to increase
the pH.

33.  An electroluminescent device comprising the buffer layer
made in accordance with the method of claim 32 and deposited on the
anode of said device.

34. The method of Claim 1, wherein the stable aqueous
dispersion of electrically conducting polyaniline has a pH greater than 1.5.

35. The method of Claim 34, wherein the pH is greater than 3.
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