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conductive polymer. Hence, a doped polymer can be insoluble in many solvents due
to the ionic character and other factors. This insolubility can result in limited
processability in the doped state and limit commercialization.

Regioregular polythiophenes, both homopolymers and various kinds of
copolymers and terpolymers, are a particularly important example of conducting
. polymers. See, for example, Katz et al., Acc. Chem. Research, 2001, 34, 359-369;
McCullough, Adv. Mater., 1998, 10, No. 2, 93-116; McCullough et al., chapter 9 in
Handbook of Conducting Polymers, 2™ Ed., 1998. Controlled doping of regioregular
polythiophenes would further enable their commercialization. More refined
formulation strategies are needed which can be tailored to particular applications.
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In one important embodiment, the dopant does not substantially dope the
polymer for at least 10 minutes after formulation and storage at 25°C. In another
important embodiment, the dopant does not substantially dope the polymer for 30
days after formulation and storage at 50°C.

In addition, the composition in its solution state can show in the UV-VIS
spectrum a large neutral peak in the visible region, and in addition, the large neutral
+ peak in the visible region substantially can disappear upon solvent removal.
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Also provided is a method of formulating a latent doping composition
comprising:
() providing at least one polymer comprising conjugation in the polymer backbone,
(i) providing at least one dopant for the polymer, (iii) providing at least one solvent,
and (iv) formulating the polymer, the dopant, and the solvent to form the
composition so that the dopant does not substantially dope the polymer when the
composition is formulated, but does substantially react with the polymer when the
solvent is removed.

The method can further comprise the step of removing solvent to form a film.
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BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows UV-Visible data for a latent doping effect for a DDQ-DMF-Plexcore

MP system.
Figure 2 shows UV-Visible data for a latent doping effect for a TCQ-DMF-Plexcore MP

system.
Figure 3 shows UV-Visible data for a latent doping effect for a TFQ-DMF-Plexcore MP

system.

DETAILED DESCRIPTION
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removed. In other words, solvent removal can be engineered to trigger or induce
the doping reaction. In addition, in latent doping as described herein, the dopant
does not need to be éctivated by for example initially protecting it and later shining
light to decompose it and induce doping with a new active species. In other words,
precursors to the dopants do not need to be used so that a chemical reaction is
needed to activate the dopant. Rather, solvent removal can be sufficient to induce

or trigger doping.

II.  POLYMER COMPRISING CONJUGATION IN THE POLYMER BACKBONE

The polymer comprising conjugation in the polymer backbone can be one of
families of conducting polymers including, for example, unsubstituted or substituted
polythiophene, polyaniline, poly(phenylene vinylene), poly(pyrrole), polyphenylene,‘
or polyacetylene. Within a particular family, substituents can be introduced as
needed to generate solubility or at least high degrees of dispersability which for
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the co%gugtrir?gnggl()e/mer forms a true solution or a highly dispersed system. The
physical and electrical properties can be indistinguishable.

The number average molecular weight of the polymer is not particularly
limited but can be, for example, about 1,000 to about 50,000, or about 2,000 to
about 25,000, or about 3,000 to about 20,000. The polydispersity is not particularly
limited but can be, for example, about 3 or less, or about 2 or less, or about 1.5 or
less.

Regioregular polythiophenes are a particularly important embodiment. The
amount of regioregularity can be measured by, for example, NMR, and can be at
least 90%, at least 95%, or even at least 98% or at least 99%. They can be, for
example, substituted at the 3-position, the 4-position, or both. An important

example is polymers having heteroatomic substitutions. See, for example, US

6



solubility in nore polar solvents. lonic substituents
can be used. The polynmer should be soluble or at | east
woeooy/onabd di spersed, so that it functions as PET/UB2006/029552
were truly soluble, in the sol vent systemsothat |t
fficjiently utlon o al | ow for fi

provnsnieagk$‘m§rce¢nogapu@5&3%§ﬂcoc@§m i 3 16 SoBtar bercde 14904
and US BryBghalHpIed R s, 401818208 OGO LY BFidd SBBtenber 24,

e so or a sperse Sys

2004. ARy waboréarst @h@@dlmeh@' thlérméll‘daft@m iS @Rydke. The substituent can
i ndi stingui shabl e. The nunber aver age nol ecul ar wei ght

includeomultiple petsioatoms mbxdnpgatwo;:thrae,l fpur,i ot ﬁl\ajheneroa:tamstfer
exa

example A8 TIBLE 5t BRSHbisgntlges DyBRiyoBR persroating Wokrshythe
L e

unit. A m;bmbant]efanmlé lie2psly(3RELHAoR- agi)mxmctyd)}nhlxaphen@)ﬂmraésegiomgular
a particularly inportant enbodi ment. The anmount of
form. regi oregul arity can be measured by, for exanpl e,

PG50, Blocz Rl deilbes penEfaliar B bictk ?@&gﬁéﬁ o

reglore@ulwtpdlymwi)h@het he)S3Parest Nb06,16'6h15‘724dm$||bbs @A, imfPortant
An inportant exanple is po mer s havi ng

synthehémtbad don makingstegiaregdlas polsliop meSean@ulmugh etal, J. Org.

crem, SFRS845 SRAEH 2 BRLL AL S O 2 62R kB e

polythi nggation no. 60/612,641 to Wlliams et al. filed
ept ember 24, 2004. | n an inportant enbodi nent, the A
biStRatent Bublication 268/00802 19 Keliérn etealt desonibes synihetic methods

andtes_rr%?r\'sate? REOUBAPORET 0r exanpl e A i mportant exanbl o
A R T S SR

copolyma:sham tamobiers cave alpatticuksmlyi mmmamtexawmm bé co:sductlng
4, 7-trioxaoctyl]thio en%% inare |oregu ar

polvmer%r n%(eeaué,ow%rﬁp lenkatzselsdla, Aot 4583/Ghy 89 LadtoBdYB69;

McCull It ARAAEP L0819 A 7 REEA T MECUGAPRE RS Sl o n

Handbdsk b)lﬁldofi&écm@kmﬂgm@ﬁ;g 264 E@ g}%SDQWEéﬁiv@ggﬁmﬁlophenes are
furtherdte§§mbé)ﬁgtgn,§§%e>?mﬂple, H§t|?ﬁidﬁt ﬁgls Gvégg%@lﬂ 64T %6391 6,621,099;
and 6,770,904 to Ong et al.

US provisional application 60/667,065 to McCullough et al, filed April 1, 2005
describes synthetic methods which can have living characteristics and can be used to
prepare the polymer.

US provisional application 60/661,935 to McCullough et al, filed March 16,
2005 describes monocapped conductive polymers having alkenyl or alkynyl end
| groups which can be used to prepare the polymer.

US provisional application 60/661,934 to Williams et al., filed March 16, 2005,
describes copolymers which can be used as the polymer.

The polymer can be a diblock, AB, copolymer, or a triblock, ABA, copolymer.

For example, the A block can be a non-conjugated segment, whereas the B block
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re oregular pol yt hi ophene. A particul ar]
g/mol, %ﬁh@r moleculasgheipbl foReXaBPR mesH:Ea@ S@dﬁfﬁ Lding for
rising heteroatoms in the side group
exanw@%ﬂﬁwﬁgﬁgﬁéa%ﬂﬂgnd in particular conprising al koxy
Sn!érdwéﬁts htd knd¥xdrANEherTe. Bueafol ekampid US Patent No.

articularly limted, but can be inorganic or organlc
6,828, ﬁaa 5;0@fze7roib| Qraanic depantgdncidde dapantsdiavinghahleastane sarbon

used. Dopants or n-dopants
atom. p-1op P

The dopant can be a non-aromatic benzene derivative. It can aromatize
during a doping reaction to provide a driving force for the process. It can have
double ketone structure.

An important example is quinone derivatives. Examples include 2,3-dichloro-
5,6-dicyano-1,4-benzoquinone (DDQ), 2,3,5,6-tetrachloro-1,4-benzoquinone) TCQ,
2,3,5,6-tetrafluoro-1,4-benzoquinone (TFQ), 1,4-napthtoquinone (NQ), and 1,4-
benzoquinone BQ).

In addition, organic oxidants such as hypervalent iodine oxidants such as
iodosylbenzene and iodobenzene diacetate can be used.

The organic dopant can be combined with an acid dopant. Examples include
sulfonic acid dopants such as para-toluene sulfonic acid (pTSA) and dodecyibenzene
sulfonic acid (DDBSA).

Mixtures of dopants can be used.



can be used. The dopant can be an organi c oxidant or a
reducing agent. It can facilitate electron transfer.

wo toocancdbe charged or uncharged. It can be an BPCT/ER2006/029552
dye. It can be a charge transfer agent. It can be, for

a qui none derivative. The dopant can be | ow
V. Egﬁggﬁf%r wei ght, for exanple, |less than 500 g/ nol, or
i |
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ket one stru ure. An |np0rtant exanple |1 S Ulnone

used. ddnjigeatdontainirexsotydrds candeuded?, Nsltr@lgeﬁ*rC@nbammg solvents can be
5, 6-di cyano- 1, 4- benzoqui none (DDQ),
used. 2" 3 5, 6-tetrachl oro- 1, 4- benzoqui none) TCQ

gf’(%”ﬁ’a% Ln%wo%f[bMPf er{?&,\%géheeﬁﬁﬁﬂ'éﬂﬁ@%eﬁr’@w% et%/lene glycol

tqu|none enzoqul none

dimettad éthérp butanighei ayclopedtemones apdiokexamppe; pylidine, ¢hiaiofierm,
oxi dants such BS i odo

nitrometandy 2% & tORE AN e g RN IOTR gieg8 e e BRI TUBRC eropylene

t
carborﬁq??%ﬂﬁ@hﬁﬁd.%C@ﬁﬁ%%@@%ﬁiﬁﬁ@a%mﬁﬁéﬁ"@@,eﬁ@ Befrene:
chloroaémzén(epsmn Aiethydaupgibidingsee sul fonic acid (DDBSA).

M xtures of dopants can be used.|V. SOLVENT The

solvent is not particularly limted, and solvents for

SRR TR RO, BB ST ey oo

Rl R R il s R
concermationss anddampecatureseusine dormmpation skids knewnsndha ase The
formulgfecﬂ@?g@%@p%&%%@gbr%e %ropmg rétc o f|mlrjnnedaeater upon
mixing and formulation. The doping reaction can be monitored over time.

The formulator can in particular control the amounts of the polymer, dopant,
and solvent to achieve the latent doping effect for a particular system.

The amount of polymer is not particularly limited but can be, for example,
about 0.01 wt.% to about 20 wt.%, or about 0.01 wt.% to about 6 wt.%, or about
0.1 wt.% to about 3 wt.%.

The amount of dopant is not particularly limited but can be, for example,
about 0.01 wt.% to about 6 wt.%, or about 0.1 wt.% to about 3 wt.%.

The amount of solvent is not particularly limited but can be, for example,
about 80 wt.% to about 99.9 wt.%, or about 94 wt.% to about 99.9 wt.%, or about
96 wt.% to about 98 wt.%.

The amounts of the polymer and the dopant can be controlled so that there is

a molar equivalent between the two, (moles conjugated polymer repeat units: moles



used. Oxygen-containing solvents can be used.
Ni t rogen-contai ni ng solvents can be used. Exanples
wo p@vodaodOM-, di oxol ane, nethyl ethyl ketone, MBKS2006/029552
et hyl ene glycol dinethyl ether, butonitrile,
cl opent anone, cycl ohexanone, pyridine, chloroform
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reaction’i me upon m Xin

after 60rdarysaﬁeorﬁorrfﬁhiat:dwand@tmgetart60°can be nonitored over
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con 0 g PO SNESAAEE et Ype 48 e ocenc
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ahosn)mexases % tracabbdopidg.reagtiorfcarmbe aledJeUteaﬂbu%uB@ttantlal

bout 98vvt%Tea s of the polynmer and th
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t I
o SR BBk FBS USRS b o b ERGHE et B il
and/ob éipetaonidypediksareobsbod, 1: 1 to about 50:1, or about
2:1 to about 25:1 or about 2:1 to about 10:1. | n sone

i mportant enbodi nents, the | atent dopant does not

FHPRART, OrS P ATIALEE REES oy SVt EEnVAT

The solvent removal process is not particularly limited. For example, spin
casting or drop casting can be used. Printing or patterning processes such as ink jet
printing or role-to-role printing can be used. The parameters for spin casting are not
particularly limited. Conditions for homogeneous film formation can be selected
including, for example, filtering, and/or inert atmospheric conditions.

Films can be formed with solvent removal. The thickness of the film is not
particularly limited. The substrate for the film is not particularly limited.

Solvent can be removed until the amount of solvent is less than about 25
wt.%, then less than about 10 wt.%, then less than about 5 wt.%, and then less
than about 1 wt.%, using the known limits for detection of residual solvent in
polymers.

UV-VIS-NIR spectroscopy can be used to detect the presence of polarons in
the near infra-red region and bi-polaron in the far infra-red region.
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after formul ati on and storage at 250C, or in addition,

the | atent dopant does not substantially dope the
w@oedoyoed403 or 30 days after fornulati on and st oPEmESENG/029552

5Q0C, or after 60 days after fornulation and storage

at_ 5Q0C. The doping reaction can be nonitored by
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more pegfierably  deast sppHk 1P e g/ G, BxHe MiBkerably ek Iaast absubp&dem, or
gﬂ% , a trace of

even opi n@ﬂrléggll%fg@gﬁbggf I(ﬁétsgg{@gc%ﬁﬁsubst anti al doping
does not occur. | n general, substantial doping occurs

when greater than 5% of the neutral peak has
VIL. qO&kgifembedimais a conconitant increase of the

AR R st R Ao 8 BoRiP6ln SR ok SR polymer

and tIlTéT%_téﬁﬂ ASSENt! Q‘@P‘éﬁbnﬂ@,%%aét%w%%olﬂﬁégh&ﬁ‘ b@;dsrgls%ngt including

imted. For exanple, spin casting or drop cC

polymiess wééch denohtomgrise cpajugated unitar The ssksions can s ugdd for
blendSirafHiorl EOF grerapé, Bk coRgaters dob Baria bigndeaynith polymer A
om0, GRS Sk 5 e pHBFGSEST ) LKA il oces

can odauefor enepsavieralj or alboflthd E@Iyme‘Fs immSolotionbe formed with
sol vent renoval. The thickness of the filmis not
Pl $GTBGICAPES, IOWeH MoleCuiriavejghk pligaraersaant brsused, rhutgenerally

rdd i Sol vent can be renoved until
polymt@ﬁstea%%ééff‘%@éi%}abﬁ@%ﬁﬁér?eSS t han about 25 wt.% then
| ess than about 10 w. % then |ess than about 5 wt. %

and then | ess than about 1 w.% using the known
VIIL. Appligadionsr det ection of residual solvent in polyners.

st adB By S IR NS S5 B B Rh Sucas, o
cromil SELSAL Bk o o tbrkp oo L oo

akns carbpesitions, methods, and polymers described herein can be used in
applications and devices, methods of use, which include electroluminescent,
photovoltaic, light emitting diodes, non-light emitting diodes, hole injection layers,
hole transport layers, electron-transport layers, electron-injection layers, conductive
thin films, flexible conductive thin films, thin film transistors, flat panel displays,
OLEDs, PLEDs, amplifiers, solar panels, microelectronics, antistatic coatings,
cathodes in capacitors, through-hole plating, OFET's, electrochromic devices and
sensors.

Hole injection layer applications are described in for example US provisional
application 60/651,211 to Sheina et al. filed February 10, 2005

Diode applications are described in US provisional application no. 60/628,202

filed November 17, 2004 to Williams et al.
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dopi ng on the conductive polyner, nore preferably at

| east 5 percent, and nore preferably at |east 25% The
waleopediqos yner preferably has a conductivity oPCHEUS2006/029552

| east about 10"12 S/cm nore preferably at Ieast about

10, 6 rP nore preferably at Ieast about_ 1
evER $th REEXamplez ALY Prayisianat ﬁpaacaérpmr@aéﬂ/ﬁlbéemmnams

e o1 e DB 2B TR Rl BB g B R o

Willighieet &1t €ildd S@ftafiber Par 2084k ebhoﬁtvdltéﬁsénd é‘l@cﬂ@luﬁﬁfﬁéscent

can be present |nclud|ng polyners whi ch do not
applicahigpsi se conjugated units. The solutions can be used

us paidht Ro”Biedzes i and s risnE PORRcafion ot n g oRRalir eF o,

descrB¥sSaddith? 1Red UN&Ss, bfid ' ﬁcé‘iioﬁﬁd the l'atent doping

process can occur for' one, evera or all of the

pmhxamarlsus renswdditients arferfusthiee iikstrated by e falloeeg)l ran-limiting

| i gomers can be used, but generally polyners
WO”“ﬁgéf EHﬁeﬁather than oligonmers. VIII. Applications

Lat ent dopi ng can provide inproved and/ or desirable
properties such as, for exanple, electrical !
Examgfegducti vities and/or hol e transport properties. The
conposi tions, nethods, and pol yners descri bed herein
can be used in appllcatlons and devi ces, nethods of

A L o R e e  ——
methb OB USRS, O ARED IR BN reqoreoply ol 3
(1,4, 2 tim@otiyw)hiophené (haming ]@'r:\ﬁhohyeth?weﬂhoxy \&mb'stltuents)L IMEhe

al pane

thin filmt staqrs, i splays, OLEDs,
numbe Ekgragg pPIeEHeF 3veida) wes Bhadi 155,093 &%P%rwa@sabout 1.5,

Anhy@%p Ejl\ﬁ]'if Msgﬁﬁ‘{:ﬁ%%ﬁ fr&g__@@ﬂ@ﬁ ahﬁ roc ﬁrdgfr’%sfgrt er pyrification.
It wa@kdptswmras bIaHkéEof nitmgéncdurlr@/me ampktorageé.ons are
described in for exanple US provisional application

60/ 651,211 to Sheina et al. filed February 10, 2005
Ink Formulation: To 4 mL N,N-Dimethylformamide (DMF), 8 mg Plexcore MP was

added and this solution was sonicated for 30 mins. To this solution, 0.25 molar
equivalent of 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) was added to
produce an ink. The molar equivalent is with respect to the molar count of repeat
units for the polymer. DDQ was used as a doping material for Plexcore MP. 40ul of
this ink was added into a cuvette containing 3 mL DMF. The ink in the cuvette was
analyzed via UV-VIS-NIR spectrophotometer (Varian Cary 5000 UV-VIS-IR
Spectrophotometer). The UV-VIS-NIR spectrum showed the presence of neutral
Plexcore material in the ink. Absence of the polaron and the bi-polaron peaks
indicated that the Plexcore MP was undoped when in DMF solution.

Example 1 (drop-casting): The UV-VIS-NIR spectrum of drop casted ink on a
18mm X 18mm cover glass was compared to the UV-VIS-NIR spectrum of the ink in
solution. Results are shown in Figure 1. Prior to being drop cast on the cover glass,

12



D ode applications are described in US provisional
application no. 60/628,202 filed Novenber 17, 2004 to
woddrioasys3 et al . See al so, for exanple, US provPET/ARzM06/029552
application no. 60/612,640 to Wllians et al. filed
Sept enber 24, 2004; and US provisional application no.
the irdowes filtenad thyowgh lai 4B reicron PTRE filser tseensaie donmgeneous film

form 004 for%ﬁ%nc%t ovol L}al C nd ep{g)er%t%&ar?rglgﬂz{eaﬁl @@W%q E?]fjry The
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non-1limting working exanpl e Exanpl es
clearlwan@ﬁatﬂdstheﬁt&@eée er fire mﬁlétr@JrPé@sﬁOé@?ﬁ% inhexisiblei region proving

ot Rk M, S MEBBLIRY) e T30 By oo

as thé ldoﬁmb inat@iagdopanty.hi ophene (havi ng
oxyet hoxyet hoxy- substituents). The nunber average

nol ecul ar melght was about 15,000, and the PD was
urchas

examia ssdln Sasta Lt TR DAY KRS Bt e onid & jeadich X 2 inch
glass‘éﬂgﬁrrat% Wh@@b‘ﬁﬁmﬁérsﬁééd R8s OQWBW%H@F?%%%IS%E%W)ZOOO

Fornul ati on: met

rpm f8r 60 PiTénglass B@bskﬂe armi;euthearmawned thrugh tdue W-SVIS NIR

soni cated faor this solution, 0.25 nolar
spectgphofametsr- gﬁsults are prowded in Figure 1. The spectrum of the glass

subst?a&gé@k{mé)é &ﬁru@h o W@E&#&aé@%&ﬂ%b%@@l rwaj%tsfpowed

O produce an lar equiv

the pre%%ne@bftaqadm@nmdaarm ¢he nifrdted eqfon andithe b‘@rolarbﬁ in the far
used as a dop‘Mséq material for
|

infra racbw&b rtae rabsenmrpf Reutrali Riexgeke WHESindidngedsible: iegiprs (hhet spectra

gene3idd By MibY 3ot HEsriikachils imdcuatnRbHE PRESR P s dgped i

the sclRP&tatd/aryd $hé E’p&%ﬁﬁﬁ [P RRE TR ) solUtith #YmVsioWbdRthat the

spectrum showed the presence of neutral Pl excore
PlexccnmtMPumhndnpemwhenldnssubmmdDMF t he pol aron and t he

bmsag@ omﬂg?ﬁ%g%ﬁ? I n %ufr g@%,@éﬁtﬁ Ve bée been Garried out
with t?w%&ﬁgsnﬁga%'ﬁ’&% PIER@rIMPAR IME 8RE ClobediEn %&cl%?d-ﬁg
Benzoquinone (see Figure 2) and Tetrafluoro-p-Benzoquinone (see Figure 3). Similar
behavior was observed for Plexcore MP remaining undoped in solution form and
doped in solid state, showing the latent doping effects.
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18mm X 18nm cover gl ass was conpared to the W-VIS-NR
spectrumof the ink in solution. Results are shown in
wo2@uanes4d3 Prior to being drop cast on the COVBECT/US2006/029552

glass,the ink was filtered through a 0.45 mcron PTFE

filter to ensure honogeneous filmformation. The

sol vent was allowed to evaporate and the filmall owed

Yo N-VIS-N R spectrum of the cover gl ass

WHA‘%&@M%@E presence of the polaron in the near

infra-red region and bi-polaron peak in the far

infra-red region. The spectrumclearly indicated the
1. Aﬂteﬂhdepiog doinepositian edmprigingore MP in the vi SI bl e

P BN INERAORBIEAG ORILEERPN dn dhEBe e Hackbone,

[ 8‘% anple 2 (spin casting):
T%g’%%&%bﬁﬂ?%l@ég sp?w casgxonto a clean 2 inch X 2
| Beheat @pe solvesit for the pdigmepandidoparsiyeed was 300 rpm
for 5 seconds foll owed by 2000 rpmfor 60 s.

i
gwdsseiauthst wcdyr@emtbetdﬁv@ﬁntamdyti@oﬁoﬂ\rﬁrwgﬁ felaulated so that the

dopap el SRRSTHGRIRVIE lhumcl e ot fipbed Butipes"

subst*ahﬂampﬁéatct witifhel hslyer @hetll the Sofvepiid fesneleah- cast

exanpl e showed the presence of a polaron peak in the
|nfra red region and the bi- polaron in the far |nfra

h.the abs of . neut r,al ore VP i
2. TR SomIPESiHo A5R0TGHHS 13 Bl BB S A SpMPHSeS ng
n casting indicate that the Plexcore MP is
pOIY@thgﬁén the solid state and the spectrum of the ink
in the solution form showed that the Plexcore MP is
undoped when di ssol ved | n DVF. n addition to

3. T@awpeglt@naa@eoadmgm PHR leyhar ?Weﬁ'i‘@sIMW@ FR@Rrises

the i nks made from Pl excore MP and

regloﬁﬁ%’nﬂolg%@#ﬁ Tetrachl oro- p- Benzoqui none (see
Figure 2) and Tetrafl uoro-p-Benzoqui none (see Figure

3). Simlar behavior was observed for Plexcore M
4, Theempositionragepksting to slainatli yhereinniherRPlIHeE OMprises Ad

regiogsguakao Y &ioneng o Bhdingl B 5 BsRseaier piVEiopeas sgpotvmer,

e%éé RlgUiERty fPaPkhSE 9@%/:z0nj ugation in the
and tﬂéd gn((é#I atty | east one dopant for the polyner,

at I east one solvent for the polyner and dopant,
5. The composition according to claim 1, wherein the polymer comprises a
regioregular polythiophene block copolymer.

6. The composition according to claim 1, wherein the polymer comprises a
regioregular polythiophene substituted in the 3-position with a heteroatom-
containing group.

7. The composition according to claim 1, wherein the dopant is an organic dopant.

8. The composition according to claim 1, wherein the dopant is an oxidative dopant.
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wherein the polynmer, the dopant, and the solvent are
formul ated so that the dopant does not substantially
waleope/oidies pol ymer when fornul at ed, but does  PCT/US2006/029552

substantially react with the pol ynmer when the sol vent
is renoved. 2. The conposition according to claim1,

9. Thwvheombositibr guodrgirey tocdaipr i s edepeihythaisolveahs. arBordgemic solvent.
conmposition according to claiml1, wherein the polymer
conpri ses regioregul ar pol yt hi ophene. 4. The

to. RIS EERLE 4o e RSB Sy B e

a regioregul ar polythi ophene copol yner, and the degree
of regioreguiarity is at least 90% 5. The conposition
11. Ewccondpagjtion acterdingito daier & whersin sbe @nmurtt @frmoim@ ig from

about §RlicuE ok 18 aaBit i Yo BREran afie Rl Hopagt isargmiabout
0.01 @ESB éb%%%u? 6NEaYP faﬁgitﬂh%fan?@uﬁ%? SHNERTGs FRTEhOW S’G’Wt % to

position a heteroatontontaining group.

about®@,9cstiPesi ti on according to claim1, wherein the
dopant is an organic dopant. 8. The conposition
according to claim1, wherein the dopant is an

12. '@@8 %ﬂﬁbéﬂtigﬁ %@%rdﬁl\g tEhc‘?alﬁ‘P TPRREHA 'ﬂhé‘%ﬁ%tmt'b‘? p%gln‘?%ﬁg From

€ Sol vent ah organi c sol ve

aboutCOIINORE. % €5 aBeGos Wit!™a, Whe?élﬁltﬁe hmmrcffld”optahﬁlsﬁﬂvbm%ﬁout 0.01
is a polar solvent. 11. The conposi tion accordin

wt. %d:beﬁlfmui b P and the ameunt ofbsolyentjirdrom abpuibht aHs to about
.%to about 20 wt.% wherein the anount of
99'9W5p/ént is fromabout 0.01 wt.%to about 6 wt. % and
t he amount of solvent is fromabout 80 wt.% to about
99.9 wt.% 12. The conposition according to claim1
13. ‘I\'maeccshposltim anoordingdio ghaihy iewhiesein thendapant doeaotsubrtantially
about % rein the ampunt of do t is fr
dope hiy g1y TNt Kash IGisRtES GST O RHAIORAT RS0 e T 355C.
solvent is fromabout 94 wt.%to about 99.9 w.% 13.
The conposition according to claim1l, wherein the

14, Thepeompokigen aotordimgstioartinall ] wherein the dopant does not substantially
dope the polymer for 30 days after formulation and storage at 50°C.

15. The composition according to claim 1, wherein the composition in its solution
state shows in the UV-VIS spectrum a large neutral peak in the visible region.

16. The composition according to claim 1, wherein the composition in its solution
state shows in the UV-VIS spectrum a large neutral peak in the visible region, and
wherein the large neutral peak in the visible region substantially disappears upon

solvent removal.
17.  The composition according to claim 1, wherein the polymer comprises

regioregular polythiophene, the dopant is an organic dopant, the solvent is a polar
solvent, and wherein the amount of polymer is from about 0.01 wt.% to about 20
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dope the polynmer for at |least 10 m nutes after

formul ati on and storage at 250C. 14. The conposition
wa@e@andi4ngy to claiml, wherein the dopant doesP@DUS2006/029552

substantially dope the polynmer for 30 days after

formul ati on and storage at 500C. 15. The conposition
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conposition according to claim1, wherein the
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18. Ameniposition t@mpksingutral peak in the visible region,
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pol yt hi oRhene; at | east one organic dopant for the
polyrper (hen thesolveat s BRROVSS; @hdsol vent for the pol ymer

a , j ,
SJPuetr .o HERREoCoalmel % HERY et BERR LU0 wete,

the aptFitafidopahy ideos dbitindy merYovoeabdueewt.8s eahd the atount of
| east 10 mnutes after fornul ati on and storage at

solvert (fropuabalded) wiis tambodt PY.S whb. wi th t he pol yner

when the solvent is renmoved; and wherein the anpunt of
pol ymer is fromabout 0.01 w.%to about 20 w.% the

int : i 9 t 6
19. ﬂrm%;ﬁbdqgfaﬁﬁa@hng% Rt dpt cOmBdsitibn hfpr%h% S

wt.% and the anount of solvent is from about

t praviding aAtdesstmwnapolymerLomparising odnjtigatian i thegpelymer

Latent dopi ng conposition conprising: providing at
backb@t one pol yner conprising conjugation in the

PYrY{BiIng at least one dopant for the polymer,
providing at least one solvent,
formulating the polymer, the dopant, and the solvent to form the composition
so that the dopant does not substantially dope the ponm‘er when the composition is
formulated, but does substantially react with the polymer when the solvent is

removed.

20. The method according to claim 19, further comprising the step of removing

solvent to form a film.

21. The method according to claim 19, wherein the polymer comprises regioregular
polythiophene, the dopant is an organic dopant, and the solvent is a polar solvent.
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backbone, providing at |east one dopant for the
pol yner, providing at |east one solvent, fornulating
wo b@7pod4gsrer, t he dopant, and the sol vent to fBPCTVUB1066/029552
conposition so that the dopant does not substantially
dope the polynmer when the conposition is fornulated,
22. Bhe noehodsagssrding taclymriSathaigintheeneuntyafarolymenist fivem

solvent i s renmoved. . The .net hod dj | ai
abou§ G0t vh 3o BRT 0 wites: wherel Spe SISl o ab A End vt
0.01 (Vo8 dbioufe \ﬁ%% TR Rt AHREuRCSFIN M i$ ﬁoﬁﬂ aboutl8o wt.% to
wher e n the pol'yrfer conpri ses regi or equl ar
aboulp©9 gtwit.&hene, the dopant is an organic dopant, and

the solvent is a polar solvent.22. The nethod
according to claim19, wherein the anount of polyner

et 0 _ 0 ,

23. s ShERP Bspithe R B ke B8 Aol IREHRr [ om

about0.0%wa s té bboamw\rtw/ogﬁ/vm@memé dnsourtahddpant iSRomt abéut 0.01
to about 99.9 w.% 23. The nethod according to claim

wt.%19, ahghis Gevh % hendhthsuamount pbsglvent is Sram akpb Bt wieotp about
W&D%to about 6 wt.% wherein the anount of dopant is
99.9 WEgh about 0.01 wt.%to about 6 wt. % and the anount
of solvent is fromabout 94 wt.% to about 99.9 w. %
24. The nethod according to claim 19, wherein the
24, T method acqurdingsordajimt @guharein they pblyoyereaoa)prises regioregular
dopant Idif‘ ap organi ¢ dopant, and tag sol venﬁ, is a _
polytiigphene dhedopank PRI AeRRNt, ABH the §PIVEBE (R Polag solvent;
f 9 : Iy 0
and WGPt S gut ot balvink i 0it aByttin, B1 W ) Shodts e,

wher#ih. the aansurithsf dopantis Pdmsabhowtrd.01 wti¥ooim stipuite 84.%% ad the
to about 99.9 w. %
amount of solvent is from about 94 wt.% to about 99.9 wt.%.
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