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polymers employed as buffer layers inciude polyaniline and
polydioxythiophenes such as poly(3,4-ethylenedioxythiophene) (PEDT).
These materials can be prepared by polymerizing aniline or
dioxythiophene monomers in aqueous solution in the presence of a water
soluble polymeric acid, such as poly(styrenesulfonic acid) (PSS), as
described in, for example, U.S. Patent No. 5,300,575 entitled
"Polythiophene dispersions, their production and their use." A well known
PEDT/PSS material is Baytron®-P, commercially available from H. C.
Starck, GmbH (Leverkusen, Germany).
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In accordance with still another embodiment of the invention, there
are provided methods for synthesizing aqueous dispersions of
polythiophenes and at least one colloid-forming polymeric acid. A
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THE | NVER one e the Invention
c_tigi‘pifmh_ttﬁlftgﬁob(ﬂ@rﬁr ovi ded conprising aqueous
di sper gj@rg ilRktraflthBigpRigteSifetife! SFDIED ddvices with red
light-emitting polymers.
FIG. 7 illustrates the operation lifetime of OLED devices with blue

: ﬁlight-emitting polymers.

FIG. 8(a) through FIG. 8(d) illustrate the effect of the pH of the
PEDT/PSSA buffer layer on OLED device performance.

FIG. 9(a) through FIG. 9(c) illustrate the effect of the pH of the
PEDT/Nafion® buffer layer on OLED device performance.

FIG. 10 illustrates the change in ITO thickness when immersed in
dispersions of PEDT/Nafion® or PEDT/PSSA.

DETAILED DESCRIPTION OF THE INVENTION

In one embodiment of the invention, compositions are provided

comprising aqueous dispersions of polythiophenes, including,
3
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dispersions is that the electrically conductive minute particles are stable in
the aqueous medium without forming a separate phase over a long period
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In a particular embodiment, R4 and R4’ taken together form an
alkylene chain having 1 to 4 carbon atoms. In another embodiment, the
polydioxythiophene is poly(3,4-ethylenedioxythiophene).

Colloid-forming polymeric acids contemplated for use in the practice
of the invention are insoluble in water, and form colloids when dispersed
into an aqueous medium. The polymeric acids typically have a molecular
weight in the range of about 10,000 to about 4,000,000. In one
embodiment, the polymeric acids have a molecular weight of about
100,000 to about 2,000,000. Colloid particle size typically ranges from
2 nanometers (nm) to about 140 nm. In one embodiment, the colloids
have a particle size of 2 nm to about 30 nm. Any polymeric acid that is
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was allowed to proceed for 24 hours at room temperature, i.e., about
22°C. As a result of the polymerization, the clear liquid changed to a dark
colored liquid, having the color of the PEDT/PSSA complex dispersed in
water. The PEDT/PSSA complex dispersion was tested for filterability with
a 5.0 um Millex® -8V syringe filter from Millipore Corp. (Bedford, MA,
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poly(ethylenedioxythiophene) obtained thereby.

142.68 g (16.03 mmoles of Nafion® monomer units) SE-10072 and

173.45 g deionized water were poured into a 500 mL Nalgenic® plastic
bottle. A stock solution of ferric sulfate was made first by dissolving
0.0667 g ferric sulfate hydrate (97 %, Sigma-Aldrich Corp., St. Louis, MO,
USA) with deionized water to a total weight of 12.2775g. 140 g of the
ferric sulfate solution and 1.72 g (7.224 mmoles) sodium persulfate (Fluka,
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delomzed water, which constitutes 2.6 %(w/w) solid based on a
gravimetric analysis of dried solid. The aqueous PEDT/ Nafion®
dispersion was then tested for conductivity and light emission properties.

The glass/ITO substrates (30mm x 30mm) having ITO thickness of 100 to
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A small portion of the dried film flakes was allowed to equilibrate at
ambient conditions before being analyzed for moisture uptake by a thermal
gravimetric analyzer (at 20°C/min in nitrogen). The film flakes absorbed
only 5.6 % water, which is far less than commercial PEDT as illustrated in
Comparative Example 3. The low moisture uptake also shows that the
surface of the PEDT/Nafion® is predonimately a conductive layer having
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8 nm, a length of 20 pm, and a conductivity of 60 S/cm are also available
and can be used to enhance conductivity, as described in Niu, et al., Appl.
Phys. Lett., Vol. 70, p. 1480.. Because of the colloidal nature of the
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(Was andimixed well Ry s 3L epph/mrgza IPR@AMElers 8o
cwramaded\msTéblbmb@Idwt hrough a 0.45 microneter

filter. The resulting filtrate was fornulated to a
final product with the target solid content by adding
DI was anbabiexdedummarypf Shathesis of fieDpMNaffoa@ zat i on

paranmeters are summarized in Table 1 below. 25 Table
1. Summary of Synthesis of PEDT/ Nafion(r) enp

Formil at e Nafion Oxidizer/ Nafion/ Reaction lon As
i s PEDT- Nafi on BEDTNaf|Tes| Sanpl e {Bat ch [Mononer I\menfeted
C Ti hdafion |Rxidizer AHa 04 dpy Reaction lon As is
’ = i PEDT -Nafion | PEDT Nafion
Sample| Batch |MonomeriMonomer (°C) [Time(hr,min)|Exchange (%) (%)
SE-
A 10072 | 1.221 2.756 120.2 20,49 - Batch 2.81 2.8
B DE-1021] 1.221 2.756 |20.2 20,47 Batch 2.81 2.8
C DE-1021] 1.221 2.756 1202 21,00 Column 2.81 2.8
D DE-1020 1.221 2756 [202| 21,00 Batch 2.81 2.8
E DE-1020{ 1.221 [ 2.756 {20.1 21,00 | Column 2.81 2.8
F DE-1020| 1.221 5.513 [20.2 23,15 Column 2.80 55
G DE-1021 1.221 5.513 [20.2 44,08 [ Column 2.80 59 |
H DE-1020| 1.221 5.513 ]20.2 24,56 Batch 5.48 54
| DE-1020] 0.50 3.00 202 23,43 Batch 2.89 2.8
J DE-1020| 1.50 3.00 [20.1 24,00 Column 2.69 26
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SE- A 10072 1.221 2.756 20.2 20,49 Batch 2.81 2.8 B
DE- 1021 11.221 2.756 20.2 20,47 Batch 2.81 2.8 C
WOED010M28 1. 221 2. 756 20.2 21,00 Col umm 2. 81 2pP@r/Us20Ds/030026

- 1020 221 2 756 20.2 21 00 ch 28128 E
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=B JTOQ‘ 25495 6390 oI5 b3 legd oo ity [ g G5 & 34
5510201 55,90 ] £3.00 51350 [ 2405 ~ f Columi [ 3015 | 3.0

N— 10E-10200 2525 0| D300 oI35 | 1454 | Batch™ o 4520 ' 34
e 1020 5,4 o000, %iéﬁ"‘sf’m L&tﬁgﬁg &2 k1653
~ IDE= 75" 3. - .51 o ;
& 5 %%g%ﬁ 2%76 275 B I.W%_ggiz'gtchz” WA 5> 3.8
RO0BEIZ52 81 5T/ Ugy0 '?"Gﬁ%‘é”,e?m 20 Z 48y 100 45
&U. pEfofer PasCh o584 L 1Bg LUKEBalondy S5.4H8% 55]U 30
s 24,035

5:0°
. 3.3
¥0, We-r@iof N1.0e U od [3I9.00= k94P 2t Bhieh. QU
ol ipm16RoP11.35 0] BodEFHIX0 1145 3] Bhieho. |0 1305154 Bat ch5
4. 57bs31dko} 01.B8k- 10200 1]35.8. 001322. O] 1Bhidnd [Batxs 4. b2 435
® DIbELO@D|, 01.25 3. 800 35350 [24,1002Ba} Chiudn51 4.3 Q3.0

RE- 20020 00.08. 002.3%. (B516|, 334B@t ch Bhidh2 | 3. 8.52R DE- 1026

Y. O(DE21@HD| 3500 162.33 .¢h 4330 4| Bat® DE- 4520

Ak (DE1020y B3P ch 25%1]39.05 BHE- 1nHBetch 25 .97

1

Z 5(PB%03)| 16228! Baieh|36.62 34@8 Ti [Baich020 M.$%0 3|00 36
AE
4

BB JRE-H0A0- 013551 A2% |3p.QoF. {1838 1| dReteh oo 3H0Y 2235
Gy DE-30200 528" [\2PG 90y 1 18423 hePaidh 4 1 A5 bl unhd
DD 5 DET0201 y T 0245 1 [$D J&.185 b Balchr7 pdbd, 455 35
EE - DEZK?:Q 10 250 5 %:0 e 13 175 | B 1, 483 ols 35
& IDEAOTD SX50 1 225 71350,7 093487 [Batch, [, 4.53 V1~ 78
G JECr02DE Sr560° [ S200 135,07 2.7 ' BatchS [ 454 3.0
T JDES1020) 2975 P390 13500 4348 “|" Batchs [ 4.53°° 3.5
HE= 132 502b] 2978 £52 99 D351} 9931891 T[T BhichS |3+ %.53°C 3.0
DE-18E Yook 26.78- 002 35 D35l3) 443BAt T ghichd [3- 95100 35
- YoZb[ OB.78. 5289 . B35l30) 193881 CN Ehichs | S. A.51EE 35
(B Yoz2b| 50.78. P02 35. 35l3], 175 BRl Ch Bhtcho | 5. o4 520+ 35
NIt - B9o2b| 50.72. 252.86. 3518}, 185 8at ch Bhidh3 | 2. &.52CG 3.0
NDE- 120020 50.5@. 003.86. (351®| 5&3Bat ch Bhtdd | 3. Ot.51HH 35
OE- 020020 76.58. 002.35. (3518, 1@3Bat ch Bhtdh3 [3. 54.511 | 35
PE- 1020020] 76.5Q. 752.86. (3518, 0R2Bat ch Bhid%3 (3. 0+.511] 3.5
| @E- 102004D| 78.50, 752.3%. (13513 22284t ch Bhaté] (3. 5t.51 3.5

Example 5 ,
This Example illustrates the difference in conductivity in films

prepared from the PEDT/Nafion®-dispersions from Example 4. Glass
substrates were prepared with patterned ITO electrodes. Buffer layers
were spin cast from the dispersions indicated to form films on top of the
patterned substrates, and thereafter baked at 90°C in a vacuum oven for
0.5 hours. The resistance between ITO electrodes was measured using a
high resistance electrometer in dry box. Thickness of the film was
measured by using a Dec-Tac surface profiler (Alpha-Step 500 Surface
Profiler, Tencor Instruments). The conductivity of buffer layer is calculated
from the resistance and thickness.

The results are shown graphically in Figures 3 and 4. It can be
seen that the conductivity could be well controlled in the range of
10-2 S-cm-1 to 102 S-cm-1 by varying the composition.
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KK DE-1020 0.75 2.50 35.0 13,25 Batch 4.51 3.5 LL
DE- 1020 0.75 2.25 35.0 5,55 Batch 4.52 3.5 MMV DE-1020

w@2008/02120 35.0 5,52 Batch 4.52 3.0 NN DE- 102BCDUSI03/030026

3.00 35.0 23,38 Batch 4 51 3.5. 00 DE-1020 0.50 2.75
35.0 23,38 Batch 4.51 3E¥aMBSr 1020 0.50 2.50 35.0
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DeitedWerd madd mh ndagsr offeither 02 &r Ba @siie tathbde9The
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gl"%% ncre&gﬁai%gts’%{tg made with a |ayer of either
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fabricated on top of the G PPV | ayer using vacuum

vapor deposition.at essures 0-6 Torr
yi el ding an acti V%Q'%eﬁe‘”ge Pgﬁlowa&&(é
Sample
D Spin : at 80 °C
Conduc-
Rate (Thick.| tivity | Volt. Eff. L. | Y2 | LL*t1/2

[rpm] | [A] | [Slem] | [V] [cd/A] |cd/m2]| [h]
' 3.8-3.9/7.8-8.8
4-N | 3000 | 1114 [1.2x10-6] (1) ) | 141 | 252 | 35532
3.0-3.1/8.8-9.7
4-Q | 2000 |209616.9x10-5 (1) (1) | 162 | 317 | 51354
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with area of 3 cnR. The deposition was nonitored with
a STM 100 thickness/rate neter (Sycon Instrunents,

WO p@4)29128 000- 5, 000 A of al umi num was deposi t BCAI/US200DEB0026

of , the, 30 A 0 riq19 clgluﬂﬂ %r[.FrS io %
it D AL e

el Or edB00ThE1 208/ 12cbd Ovitr 8 @hcap$@i(aX ed 448i ngl t2 ¢ HaAB8
pCaswp. sandwi ched py UV-c@r@hl € 2adqty.| The
encapspuaoed] t400 Betk10e3le run at a cornstant | eurrent
In an oven at 80C.  The total current through the

dew sRav@singre- 10 MA with | um nance of approx. 200
¢Oneds@ed 830oedhi?2. The | um nance and vol tage of the
®\mezegretvetradorcae@r ded to determne the half life tine
and voltage increase rate at 80C. The results are
given in Table 2 below. 30 Table 2. Device Perfornance
Sanple ID Spin at 80 C Exa@ple Rate Thick. tivit Volt.

Eff. ITHis E%(bfrﬁ)lé i’l\l|u§toré1/83 ﬂléi Eﬂélﬂaréﬁé% gmiﬁ @/fae?% a%ggrs'io@
SEBEPTAoN, e, gfong Was,d 42550 s adiiedisresTBidal
dgpersipn3dith &4 % of 390\ ¥Dadesirtipa pracdriliré WBailrds it 026
irob 4108 0k b End Bt 2) 909140 60620
4- AA $5c87.948.08 mratessouliafion’d rmonamaer units) bizdign® aomepus
SEANR) b 00 000§ R s b mmsbai
500 126 Aiketed ivBagIecRea Sourk? bolipitsi (Thelmagure war
stirpdrfat 45 minGitearbedorectheadditiopesisenic suﬁag/e and sodium
ST, S oS 900 B P Wne
OS0! g fericcndfateehydratd @7 Yoo Aldrishicat gt 32 €din8e with US

.85 g (3.57 mmoles) sodium persulfate
(Fluka, cat. # 71899) were then placed into the reaction flask while the
mixture was being stirred. The mixture was then stirred for 3 minutes prior
to addition of 0.312 mL (2.928 mmoles) of Baytron-M (a trade name for
3,4-ethyylenedioxythiophene from Bayer, Pittsburgh, USA) was added to
the reaction mixture while stirring. The polymerization was allowed fo
proceed with stirring at about 20°C controlled by circulation fluid. The
polymerization liquid started to turn blue in 13 minutes. The reaction was
terminated in 16.1 hours by adding 8.91 g Lewatit® $100, a trade name
from Bayer, Pittsburgh, PA, for sodium sulfonate of crosslinked
polystyrene, and 7.70 g Lewatit® MP62 WS, a trade from Bayer,
Pittsburgh, PA, for free base/chloride of tertiary/quaternary amine of
crosslinked polystyrene. The two resins were washed first before use with
deionized water separately until there was no color in the water. The resin
treatment proceeded for 5 hrs. The resulting slurry was then suction-
filtered through a Whatman #54 filter paper. It went through the filter
paper very fast. Yield was 244 g. Solid % was about 3.1 %(w/w) based on
added polymerization ingredients. pH of the aqueous PEDT/Nafion® was

32




10

15

20

25

30

35

whodotoitd ask. The m xture was

col | oi dal dispersion, and 234.47 g deioni zed water was
massed into a 500 nL jacketed three-necked round

Ak find fo BEY b ulth Lo BHIGR i Moy iRt dy
teeenings NewbYordi ¥§f)ving 0.0141 g ferric sul fate

hydrate (97 % Al dr| ch cgg( 08 771- 8) with deionized
water tqQ a tot 0072
mol es ﬁh'%faxarmﬁ@ ﬂ'eﬂr@f@%@@ ﬂaﬂ@'wrg*bi'@h%&@e@ﬂ s of
(R=EDT/Nafin®s) sodi um persul fate (Fluka, cat. # 71899)
wer e

t la th flask while the 20
it ur S OFBE g 186 Anlid RRETHRonE Ysbtbiog prepared i
dhiampld 7 was @riedwittes njiragen stteanadt atriblentdénpeiitdreriThe
f
?ﬁa aﬁﬁﬂlrﬁhene C@;X??W&é g’ﬁ"g{' ﬁmir%ggrél? 8@/4’(& The > ater
c clatess anad otereéfc?reraanymomhs(ture whi | e

Stl rring. The pol ynerizagkgmpn@g all owed to proceed
wth i.rrin 0C coI nirol | ed ﬁ%pgl rcul ati on

) ui o ThinExSBefiihagates Jis sanicoostycdess pEine i aas
IERTINafibd®dispesion (BHEO eacti on was termnated in
16. 1

naire “?téé%m%y BERT Y ShreBaRRd pthargai s E8fide
GPirceeaison ané O q:uhs;r@tq/ rBtm@ PERT Nafm®gtopeamlace(we)s
'\é%?nﬂ&l usin gr)@‘i' Ph&!@eﬁﬁ‘;‘t’r‘%ﬁ sgeB{rBE ﬁK‘IPnSe)P f}hef 'wdd 58

hase/ chl ori ternar

ertiar a
B3 ST AL oAy SIS HE, InhanaEhate h@w&%n%maed by
fthe aubeli® PEDIIS’Na\hbh@ dlsﬂ)@rgﬁh ZRHichaH RN a ?HWEQB.H y

until there was no &olor ﬁtgewa 2 he resin
treat nent proceeded sulting slurry
vvas t Aéris sompacativef éxaneple dlustratesgheae\lisperaibilip4f dried
the filt

AN R SR, L ett T
based (RS, gl tb@ﬁ@i@ ioradesopl BayjrasuPdrang H.gH Sarck,
tg\cg?/bﬁi eoamg&ﬁﬁeﬁ%bﬁﬂ rs)amaaue&;’s M?’@M 0291%?

a
TSR ORN G LD hgmet POy tenry ToRe AORbr k.
(BB A) EXdepiatio ®f REBT &)(ESSIAeamd! bu%ty@ém@smhaate (PSS)
i

BEER BRFLY 5'14/%%% BSYOEE e TR mnde s 1
BERTRSS/6) dded péegibignt gopgitiond fiom thexangdauszdispersion
Q‘éio%bé%é@ :rﬁwatér V%?)?Fba%tﬂi/: FRePE B@‘PPS@VPS?%@E%&

Qn(r m xed
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EXAMPLES 10-12
These examples illustrate the use of PEDT/Nafion® in multitayer
coatings.

Example 10
This example illustrates the formation of thicker layers by using

multiple layer coatings of aqueous PEDT/Nafion®.
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spin-coat on an I TO substrate. The PEDT/ Nafion(r) top
surface was 15 exam ned usi ng X-ray photoel ectron

w@p@aneaseopy (XPS). There was no indi um or tPEI/US2003/030026

at ¢ acr NSl TN L adesRln BRASaIL AR e
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Salinct dd Mﬁ%@@ap' eaét{gbgﬁgaerm %ﬁﬁ&f;atrn@, méeséﬁmwpgy

osrven

Gaked@t 99 tﬁ‘fVﬂW@ Aeeknpsadeas @keaawth arl-apcer prafilemeter,

vafsde of tWPeabaMah&msen, Cermany), is an aqueous
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PSSAstiageps|9Bstyrafterdgkeonat e (PSS) 25 isl 20 (W w).

EEB%’E?%/%&@% %fcé@egg agglIS Eﬁq a@%'g%f“%? ons fromthe

aqududilayer §iotal dhickness) =32 amsafterihakeat er very
readily. The PEDT/ PSS/ PSSA was coated onto ITO as in
he top surface was exam ned using X-ra

a
S'Xmﬁn%eqk@@ﬁ? Sataspleatly duisiiples thptsyactpdepositien bms arthickpess
feent s00wene Brdsidcthetata ACSHIStHA dfiel FEDRMNafion®

ked h PEDT/ PSSA/ PSS di
mgcrﬁgfipgetﬁ%?s eou%@@(NPLES 10- 12 Thleggereiia?rgl es
illustrate the use of PHDEMEEI1dN(r) in nmultilayer
coati Aggs o ?mﬁsaamﬁét‘?ai%:g tﬂ_@h§%8¥9ﬁﬁﬁNb{‘lb+@tlﬁ %'he?ui_'ﬁ%th

forrratlon

dwahuligs la)fer%»qﬁl@@@sthpﬁli\bw'@ﬁ Prig in ggntw wdbm@ﬂyﬁzs
RR64ES2003/ 030026  An aqueous PEDT/ Nafion(r)
ner as in

di i d |

0 ane v Bl BRI B bl s aacior cheskut ioparty
alouble syffer lamsdooﬁgt&@mssian tE&sts Werre BACHB0P0 Iilot #
HifkaoRD) gbRESRED CouPhifite FANTHe 2 i Glns i Sa5els
KB hidtafion®described in Example 7.1Jhel gig@r/lTi) egbsiiatast er
géb?nm%{@o hﬁ)ﬂfh?\(ahgtrﬁb thidk éébeéﬁ*)ocrto’%% AHD L er bake

= k
ﬁemm# §(5<mm§ @aﬁrgalfgrélgﬁfemwslgamégéfeén%a heh

depesqliently thested with GxyReaDlagthaaTPietaged u%fF’EIMW NQFI@{@
b B 1 5 LB ot
subsequently baked at 90 °C for 30 mmutes in vacuo. The PEDT/ Nafion®
layer was then top-coated with CH8000 and subsequently baked at 90 °C
for 30 minutes in vacuo. The total thickness of double layers is 86 nm.
The double buffer layers were then top-coated with a xylene solution
(1.2% wiw) of BP-79 (Dow Chemical, blue light emitting polymer).
Thickness of the BP-79 layer is 70 nm. The BP-79 layer was then vapor-
deposited with LiF, Ca and finally aluminum under a vacuum of 1 x 10-6
torr with respective thickness of 2 nm, 20 nm and 500 nm. The devices
made from the double layer construction have an initial efficiency of 2.9 to
3.5 Cd/A and initial operating voltage of 3.8 to 3.9 volt. Half-life of the
devices at room temperature is 307 hours.

This illustrates the utility of PEDT/Nafion® as a passivation layer for
ITO.
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15 This exanple illustrates the use of PEDT/ Nafion(r)
in an OLED with two buffer |ayers, where the

WEEDIOMEDPS on(r) is in contact with the | TO anpdEUSZN®030026
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DOW K2 solution was ~ 1% solids in a xylene solvent. The films were then
baked a second time at 130°C for 5 minutes in the dry-box. Thickness of
the K2 layer was ~75 nm. These substrates were then transferred into a
thermal evaporator and cathode deposited under a vacuum of approx. 1 x

10-6 torr. The cathode consisted of ~5 nm Ba followed by ~0.5 micron of
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agwepus PEDT/ Naf| on(r) dispersion was spin-coat ed,

in air, onto the 1TO gl ass subsirates and baked at 90

C for 30 minutes in VECMH ed film 30
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pelymer. DOWN Green K2 (Dow Chemical Co., Mdland,

M), V@EEM&R%@%OQ&HF%C!OJS FOPSWEE?Q: {g’l\’ﬁf)ésﬁ’(lﬁ‘ nHrh glass
Selata g & T mn K AAmR D erwats iseead MULiRiRnts
tameortgehddl@sinar ThelTOUbgesr ik ggteraseoig rﬁl‘rb thwkaﬂgblad@@sw
Wel nm
PR RiafleneStetRih, 42 sPlkcqrleddo b Phid ineTtbikss
csitbistratedapd baked atifd e far @ minutesfin appuem. ThexdriedGilré
. o

' ickned? sk MR Cari50 300 hof s UL bRHE el
Aransferigd info eeiyeoee fillee drkeewit exyeen endwatpelevels
de x mt@gghebﬁﬁftm@addlwneuf?mmm BT (Q6vibA @rﬂBHaFkéHkﬂhrt

b s o raRied g & e PSR Bhier he AEF
dZ’sﬁil solatioenes ~I1r%tsnoad$ irl autolnene solR6at. Gthen@msere then
C@%&@Ee&%& ae*ﬁﬁ‘hﬁbrf?r 5 Wﬂe@tlwtﬁe 8§y §r%: Tﬁlcixh%s of

(0] acce
ahe AfHovn 5§r|@3rﬂroms y7% nNFi Bln@@ wbsnaéesawrefﬁwutransferred

linfdh B md] %K/aﬁi&%t& & é‘é‘tﬁo&é HB 5’5% J}Hééroé‘(/é%li})/@%{

a oxl on for t
F%E)W&sg)‘i %ﬁ%éorr nﬁm fa‘?t%ee% rcanwﬁ@%f ng@@ ﬁaéoﬂom% by
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05 BRI BRI o FRshBUE WENPERES U Bk e o
auBionmental chamber. The operating lifetime testing conditions for
these displays were: Initial luminance 170 cd/m2, DC constant current,
testing temperature of 80°C (in order to accelerate the testing process).
The results are shown graphically in Figure 6. The estimated
lifetime for the displays with PEDT/Nafion® was approximately 4 x longer
than for the display with PEDT/PSSA. The initial operating voltage was
~20% lower for PEDT/Nafion®. Also, the voltage increase rate was
>3 X lower.
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wo amriozaeed as foll ows: 30 mnx 30 mm gl ass

devi ces using a PEDT/Nafion(r) buffer layer and a red
light-emtting polynmer. 15 OLED devices were
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con tlons asvvere
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ttﬁér‘iﬂeﬂ@vb SRA6RAN Batod8Yep (Jlsﬂ’ed)[xﬁ@ér & oaa@mlcﬂra@bm Mex

{5 o a%e%%iﬁ%i@ pﬁﬁéﬁa{ﬁéﬁ et i B0w e B cdkin oo
\anﬁhhé’lEBm Bahicoor{ o) AWaEmahpmerdavei@s were eommed frarh dime
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mﬁvtragmenrai chagweraildeepsratingdifctinertestysy panditions for
%ﬁg&% Qgﬁlt%g eﬁ%/ IR 3N RRAEE 6 7okl BCleordthst durrime! €

T eLle Al OPBBH o dRi 1o dsaarale s Betsm B aEo8Phc
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an@reaa@@@élovw C for 30 m nutes in vacuum The dried
film 10 thickness waspgExaMPEESa®ER150 - 100 nm These

s Bl H5 i b o DBASHOEDT ot

layers.

Example 16
This Example illustrates the preparation of PEDT/Nafion®. The

Nafion® was a 12.5% (w/w) aqueous colloidal dispersion with an EW of
1050, made using a procedure similar to the procedure in US Patent
6,150,426, Example 9.

150.90 g (17.25 mmoles of Nafion® monomer units) Nafion® (1050
EW) aqueous colloidal dispersion (12. %, w/w) and 235.11 g deionized
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-1 ppm The light-emtting polynmer, SCB-1 | (Dow
Chem cal Co., Mdland, M), was spin-coated on top of

wo b@4PEDI8 Naf i on(r) | ayer. The SCB-11 sol uti oPCTHES2003/030026
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tLiewabit® S 3%2@4‘44%%%@ W@Z)WSI?W@ lnl\@ﬁ erf) - s
e i s Lol RSTEL U by
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(fdr72125rslrmlheesesnﬂtmm‘;lumy(wés ﬂhienmmeﬁomuﬁlltewd Redugmar )
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AQ9 UgadepbasaDos added golyaerizatiopdagiedients. 500 ni
Nal 9951 B%%f tﬂbaﬁéb*%maﬂc@wagﬁﬁd%p gma{jé‘igﬂlzea%ét%idté qr

about col

ersi on vvas
daiahweight Q6 A80 £ tognake; e ROlRWhe- odne InFbat theckiute
a@fu@dubPE[ﬂﬂNdﬁ@ﬁ@) wht eetdtminsttiel be B@switea 318 pH/lon
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o SRS i PP,
wlispersigaivgiti a @it Oﬁ/%,ﬂer to a total wei ght of 3.285 g.
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and 1.7 e ol es di um persu 10
Sarting me%sé;@') 3487 & v PR Egsin Z‘%éﬂts Jo e%é@&ﬁ@ ) sk
Wilong Hase anidit ekéhange resin, was added and left stirring for 1.2 hrs.

The Dowex 550A was washed first before use with deionized water until
there was no color in the water. The mixture was filtered and the filtrate
was added with 3.0 g Amberlyst 15 (Aldrich-Cat # 21,639,9, proton cation
exchange resin.) and left stirred for 45 minutes and filtered. The filtrate
was added with 3.0 g of fresh Amberlyst 15 and left stirred 15 hours and
filtered for OLED testing. Amberlyst 15 was washed first before use with
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Hitkium iThe ThiswgivessDdispersiomehkighfouriéy. before use with

| de| On'ﬂ%ddlfﬁ@éc? F’E‘WWN'afuoﬁ@eésedé!%ﬁlb@g n‘??x@*’m?lé‘ 1%%3 flrst

m xture was fi1l

attﬁfé%ﬂ \Mlthtﬁ 13 g [owex epPhdesinfAldaich Gat # 4@66%7 ), a strong
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Tt est Befpra el dolnpizeryéttor anfl shereu g fo oot
dn the wetet 5 Thheunixianedvag fikéred ehdf the fikdtd wastreaipd with
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%@B—érﬁ‘ﬁft '19W0é§ a¥@&d dRE FSMEMBAg YO PS Hrs 2Fm5?19‘[mi 8isp&rsion

his_ exanple illustrates the preparation o
Wlﬁﬁ‘é@‘?on(r) 5 dispersion with a pH of 4 3 A bat ch

SZEQOf Ned acidified PESTPNeflen®dvasthehetrestos withineo g9.33
vé;sz dﬁﬁ{?ég qa 2008 il st AabyERE g, EeirBeh "
weplecements ofi ¢aahefesh lrstbwms ol ohamtmrbfst 65, the. rﬁD(tUI’G was
EaPRI. €AR8, the mixture was stirred between each filtration and the total
resin treatment time was 7 hours. The pH of the treated Nafion® was
determined to be 7.0.

Example 20
This example illustrates the preparation of a PEDT/Nafion®
dispersion with a pH of 7.2 using Sodium salts.
A dispersion of PEDT/Nafion®; neutralized with sodium ions is
described. The starting material is the lithium ion dispersion described in
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This exanple illustrates the preparation of a
PEDT/ Naf i on(r)- dispersion with a pH of 7.0 using
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the m xture was 30 filtered. Al so,

t he nb&g ef d@@nmadrﬁ\lé@8ﬁépur@bﬁ8%8ﬁm Hi G- Starsk, and
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Sannple ot al is the |ithiumion di spersion
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in 20 hours. The mixture was stirred during the entire time. The mixture
was filtered and the pH of the collected filtrate was determined to be 4.3.
Similarly, samples of Al4083 were treated with lithium and cesium
ion-exchange resins to result in two additional series of samples with pH

values greater than 1.8.
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w@aopuozn2® fromH C

PEDT/ PSSA di spersions with nodified pH val ues. Sanple
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m xture was filtered and the pH of the collected

’ ' S ly, |
S DAL 26178 I B foRP sfoniftiofng’ v, samples
i on- eXigHAY8(3)dbrough &(c) shawithe initiglsleying perémansefes

- ¢iLEDdaesotaia FHED B SSARbUSES I@S/élatﬂ%t Hd"saﬁlad- t8pHA0 WO
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uot.ene f1uorene Do
,sgpérst gtlgh @gq,@gq cesmm fon- exchange resins, respectively, cause the

same phenomenon to occur.

Figures 9(a) through 9(c) show the initial device performance of
OLEDs that contain a PEDT/Nafion® buffer layer, that has had its pH
adjusted. Unlike the devices containing PEDT/PSSA, these devices are
not degraded by a pH neutral buffer layer. ‘

'In order to assess operational lifetime, the devices were operated
with a constant DC current to give an initial luminance of 200 cd/m?2, and
placed in an oven at 80°C in order to accelerate their degradation. The
devices were constantly monitored for changes in their light-output and
operating voltage. Operating lifetime was defined as the time for the
luminance to drop to half of its original value (i.e. to 100 cd/m2). The
results are given in Table 3 below.
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microns wide. These stripes extended the full depth of the ITO layer, so
that the substrate glass was exposed between the stripes.These stripes
had well defined edges. A Tencor profilometer, with a vertical repeatability
of ~ 10 angstroms was used o measure the height of the ITO stripes.
Samples were immersed in CH8000 or PEDOT:NAFION at room
temperature, for various times. Prior to measuring the ITO thickness the
samples were rinsed in DI water and plasma ashed for 15 minutes to
remove any organic residue. In each case ITO thickness was measured
for 4 stripes on 2 separate substrates, giving a total of 8 data points for
each measurement. The PEDT/Nafion® solution was prepared as
described in Example 7 and had a pH of 3.8. The PEDT/PSSA solution
was Baytron CH 8000, with a pH of about 1. The results are shown in
Figure 10. Note that after 24 hours of immersion in PEDT/PSSA the ITO
thickness was reduced by ~ 1%. This was clearly visible in the optical
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operate over a nuch wi der pH range (at least pH 1.8 -
7.0). Exanple 22 This exanple illustrates that
WEEDTO2MEDPS on(r) does not etch ITO contacts. 1PCHIS1008030026
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%lght—emlttmg polymer solution was ~ 1% solids in a common organic
solvent such as toluene or xylene. The films were then baked a second
time at 130°C for 5 minutes in the dry-box. The thickness of the light-
emitting layer was ~ 75 nm. These substrates were then transferred into a
thermal evaporator and the cathode deposited under a vacuum of approx.
1 x 10-6 torr. The cathode consisted of one of the following: (i) ~ 5 nm Ba
followed by ~ 0.5 micron of Al, or (jii) ~ 5 nm Ca followed by ~ 0.5 micron of
Al, or (jii) ~ 5 nm LiF followed by ~ 20 nm Ca followed by ~0.5 micron of
Al. Finally these devices were removed from the dry-box and hermeticaily
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4mmnomery dt was stirred for bou our efore a dltlon ofterric sulfate
and ammonium persulfate. A stock solution of ferric sulfate was made first
by dissolving 0.0722 g ferric sulfate hydrate (97 %, Aldrich cat. #30,771-8)
with deionized water to a total weight of 21.44 g. 4.47 g (0.0452 mmoles)
of the ferric sulfate stock solution and 1.65 g (7.23 mmoles) ammonium
persulfate were then placed into the reaction flask while the mixture was
being stirred. In the final polymerization liquid, the ratio between water
and 1-propanol was 9 to 5. The polymerization was then allowed to
proceed with stirring at about 20 °C controlled by circulation fluid. The
polymerization liquid started to turn blue immediately. The reaction was
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Lewatit(r) MP62 W5. The two resins were washed first
before use with deionized water separately until

there was no color in the water. The resin treatnent

- proceeded for 5 hrs. The resulting slurry was then

suction- 5 filtered through a Whatnman #54 filter
paper. It went through the filter paper readily. The
solid % was about 4.5 %¢ww) based on added
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45



walt@perdeon was tested for 15 filterability. 4BCHUSIN3/030026

10

15

20

25

30

than that (-73 nWm of aqueous PEDOI/ Nafi on* nmade
W thout a co- dispersing liquid, as in Exanple 7. The

the dispersion went thro@AIMAS m HV filter

% ﬂé{nie lI ex-HV 25 nm Cat. # SLHVR25KS) wit hout
Stter. It was al so noticed.t hat th?

Vi scoﬂ;J ty MQWIQHE@%PS}SIFQ\%@QW@QHSWr%‘Pn %ane

t o
&m W WotdieHht |@a§100r¢é é@ﬁj‘éigdloﬁzﬂég gml the e%z%%ggzg

PCT/ Ué.zoosé\@@ow i '0@_ Q%gé'%ﬂﬁatc'q'@ bwherel

ﬁaﬁamw|ﬁhe¢\@rﬁﬁsmergjrwm@queous di spersion of a
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polymeric acid. 5 2. A conposition according to claim
1, wherein said polydio ] the structure:
RROOR ] S n wherein: re each

i ndependently sel ected ffrom d al kyl havi ng
1 to 4 carbon atons, o toget her form
an al kyl ene chai n havi onjat ons, which
may optionally be su ' aromatic
groups having | to 12 or fJa 15

1, 2-cycl ohexyl ene radicgl, and n is grgBter than about
6. 3. A conposition of chaim1l1l or 2, erein the
colloid-formng polyneric acid is selected from
pol ymeric sul fonic acids, polynmeric carboxylic acids,
and pefher@ini ¢ phosphoric acids or a polyneric acrylic

20 actds, 9, dRJRY" Sre i HlgepbngdntiPEBasiet Rimdiydrogen

claim1 or erein farmng polyneric
aci d conprlasldsa"ﬁéhﬁwlmﬁlrb& )ﬂa #oMShi ¢ acid and t he

pol yt hi opege R, SarRPRY(#3kén %géth@nmin@walkylenbmln haviAg 1
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3. A composition of claim 1 or 2, wherein the colloid-forming
polymeric acid is selected from polymeric sulfonic acids, polymeric
carboxylic acids, and polymeric phosphoric acids, or a polymeric acrylic
acids, or mixture thereof.
4, A composition of claim 1 or 2, wherein the colloid-forming
polymeric acid comprises perfluoroethylenesulfonic acid and the
polythiopene is poly(3,4-ethylenedioxythiophene.

5. A method of producing an aqueous dispersion of
polythiophene and at least one colloid-forming polymeric acid, comprising:

(a) providing a homogeneous aqueous mixture of water and
thiophene;

(b)  providing an aqueous dispersion of the polymeric acid;

(c) combining the thiophene mixture to the aqueous dispersion of
colloid-forming polymeric acid, and
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(c) combining the thiophene mxture to the aqueous
di spersion of 30 colloid-formng polyneric acid, and
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9. An organic electronic device comprising at least one organic

layer made from a composition comprising an organic aqueous dispersion
of polythiophene and at least colloid-forming polymeric acid.

10.  The device according claim 9, wherein the device is a
photosensor, photoswitch, photoresistor, phototransistor, phototube, IR
detectors, photovoltaic cell , solar cell, light-emitting diode, biosensors,
light-emitting diode display, or diode laser.
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