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ELECTRONI C DEVI CES CONTAI NIl NG ACENE- THI OPHENE

COPCLYMERS W TH SI LYLETHYNYL GROUPS Techni cal Field
web@ctea2sé ¢ devi ces and net hods of naki ng el ece@DORIM07/066622

devi ces are described that include an acene-thi ophene

copol ymer wth silylethynyl groups. Background

Traditionally, inorganic materials have dom nated the
EREEdRONIC l};l%\ﬂ(é%s C%MEMWNG&CENM HAOPHENESHOPOLYMERS

arseni de and gal WITH SHsEhETHYNMYVE GROWRIsed as

sem conductor materials, silicon dioxide has been used

as an insul ator nateri allTeclatichlRiéldl s such as al um num

and_copper have been used as el ectrode materials. In

r ecgiﬁcﬁ%la ViCH L HEBF ORI TBA B ISR G AoV g Sigbed that
- Ear. et | & 889 | iterials
HmP%%heﬁegﬁgﬁ(ﬁﬁ%mf$g§g?$%ggl ?ﬁgggaﬁigﬁwggerials in

el ectroni c devices. Anobng ot her benefits, the use of

organic materials may engble | ower cost manufacturing
of el ectronic devices, n§99§HQB£§ | arge area
appirrgRtidANS,; indRn FaYat&NAPh A ctdighinged Bk cldcayhieldvice industry.
circuit supports for display backplane and integrated
Forgxamyile, silican wesenide ynd galbngamscnidsdrive berust d ps semieerdactor
n onsin

h b d h bei f d
a5, 0 R e Binob o8 BRI Pl "Rt such s

r

aluffth @ 4he Sofsiee havsbRe NbALHNEect00E alatdrials. 4R RRRHNEErs, however,
tetracene-contal ni ng conggunds, ant hr acene- cont ai ni ng
¢

thegohgsdigaran insregsing aerprich cdpiiadned gonpeueganic ayprials rathr than
theﬁ%a?@?o&%@%%%ﬁﬁ%&gfmg H{]Qgctro%?vggv?éespglrﬁ[ gr;dlﬁ egiﬁ@ﬁe%{tk,Qhesuse of

en consi dered suc as redgior
organlcyhittogh engsnabibiohcravse reamaifqeiuringedd dhyctronic devices, may enable

ol y(3-al kyl t hi ophene), and pol r.s havi.ng fuse .
lar ‘hi‘%bﬁ@ﬂ@a oSy &n %F%a-bﬂ%th‘ﬁ%ﬂ%ﬁ%ﬁl?l?Qm%gb&P@F? 9%@lsplay
baﬂﬁ@ﬁkaﬁ@ﬁﬁqgﬁwanmﬂg[yners tend to undergo oxidation,
I ch '

can |ead to dimnished el ectroni c device
per Povarehcel. orSunvrseyicoiductve niatareaht haye bEtrecdnsoigia, the most

oSS BB B SR B o
pehtBéndd8n@hiRE &Ml 9 RELREN CORRANINB coMpbin B!l 4RERABhe-containing
compounds, bis(acenyl)acetylene compounds, and acene-thiophene compounds. Several
polymeric materials have also been considered such as regioregular polythiophenes, which
are exemplified by poly(3-alkylthiophene), and polymers having fused thiophene units or
bis-thiophene units. However, at least some of the polymers tend to undergo oxidation,

which can lead to diminished electronic device performance.

Summary of the Invention

Electronic devices and methods of making electronic devices are described. More
specifically, the electronic devices include an acene-thiophene copolymer with attached
silylethynyl groups. The copolymer can be used, for example, in a semiconductor layer or

in a layer positioned between a first electrode and a second electrode.
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silylethynyl groups. The copol yner can be used, for

exanple, in a sem conductor |ayer or in a |ayer
w@omirtizased between a first el ectrode and a seRORUS2007/066622

el ectrode. I n one aspect, an electronic device is

provi ded that contains an acene thi ophene copol yner of

Formula | . | The acene-thiophene copol yner has )

at t HEPRaspPetyareelpsirapic ¢avineds provifeddhahepatans apaceng thiophene

' acene having 2 to 5 fused benzene rings.

Cq%ﬁghlﬁhgg%ﬁgﬁéan be optionally substituted with a

substituent selected from agrgl kyl, al koxy, thioalkyl,

aryl, aral kyl, halo, haloal kyl, hydroxyal kyl,

het er oal kyl , al kenyl, or c Fbinations t hereof. Each Ra

Is independently selected;ffom hydrogen, alkyl,

al koxy, al kenyl, aryl, h @Qr%tf ar al kyl ,

het er oar al kyl , heteroal kyl ,,[jor hydroxyal kyl. Di val ent

group Qis of Formula I1I, ” I, 1V, or V. Each R and

R2 in Formula Il to Vis independently selected from

hydr ogen, al kyl, al koxy, th%BaIkyI, aryl, aral kyl,

hal o, hal oal kyl hydroxyalkyh, het er oal kyl , or

al kenyl . Subscript n is an integer greater than or
ThE dékde-thdplhenc doBo B &ef h Sk chdidilg IS nfyhero g@ afni FRSURST, Ac is a

attachnment to another group such as_another repeat
radigal pf of adeoe haviag 2 A f Bysed benzghe rageatle £c groupfcan be aplienally
st ST S M R PR o PRt BT e . hato,
halphiRyi, iy M@ xPalk @Ay Bétetobiid1, ialkehyigd 8Scdnktn a iRl Erckdt fO BASHR® is

mer of The above summary of

| F | I . th
indspensistily pelcrsset irom hyaragst. alki cHliew. albomdsisy - Betceasey, aralkyl,
| _ | gt
hef2AEIAAELETRRG, BPRIIBLEET Vid Tl SRR A culIE 11, 1V, or

V.Exanpl es that follow nore particularly exenplify these
enbodi ments. Bri ef Description of the Draw ngs ﬁ?e

invention may be npye conpletely understood
consi deratjon of th& follow ng degailgd descri&ﬁ%on of

vari ous_gemnbadi ment s/0 e i nvenyroff I'y_connegt |
with the onpanyi ngs, | i£h: Fig)re is
a schematic represeﬁtati of a flrst exenplasy <
or gani cRthi R2fi1m R2 Ri R2 RT - R2
II I v A\

Each R1 and R2 in Formula Il to V is independently selected from hydrogen, alkyl,
alkoxy, thioalkyl, aryl, aralkyl, halo, haloalkyl, hydroxyalkyl, heteroalkyl, or alkenyl.
Subscript n is an integer greater than or equal to 4. The asterisks indicate the locations of
attachment to another group such as another repeat unit of formula —~Ac(E),-Q- where each
E is of formula -C=C-Si(R");.

In another aspect, a method of making an electronic device is provided. The
method includes providing a layer that includes the acene-thiophene copolymer of
Formula I.

The above summary of the present invention is not intended to describe each
disclosed embodiment or every implementation of the present invention. The Detailed

Description and Examples that follow more particularly exemplify these embodiments.
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transistor. Figure 2 is a schematic representati on of
a second exenplary organic thin filmtransistor.
wWOr@an2428 i s a schematic representati on of a tPECT/ES2007/066622
exenplary organic thin filmtransistor. Figure 4 is a
schematic representation of a fourth exenplary organic
thin filn1transistqr. Figure 5 is a schematic
representati on ofBriefDescrintion ehthe Drayiganic thin film
tra i 0
o oitnt Rt YL plbed Soto SN e fod AR SRR T B2
follavgig éstaffe!kl dlexscﬂ@lcmrcff vatbenahbalimenys esntimandas irofonnection with
vari ous Iary or a ic light emtting diodes.
th eF"rC(j‘RFPEa%’“?% ‘representation of an exenplary
pho@?%ﬁ% fal é:scﬁf@llnhtlc @?@sgﬂt%ﬂ}&% AfsEe gt lﬂg‘g%anicothimlny
a certaln thickness for any |ayer or t
tragestomi n rel ative thlckness of various layers. Wile
the_inveption,is amenable to | ous, nDdl i cations, an
al t EI5HLE ? e YUPRRUC ERESFTAIY ?f??esreé%‘f ad’é@ﬁ‘éa&?o%? m
traR¥istyay of exanple in the draw ngs and MA|| be
described in detail. It should be understood, however,
t hatigune3 isa sohemaic feprasentatiqn ¢f anthird ehemplageorghwn thie film
Ua% ﬁopartlcular enbodi nents described. On the contrary,
he®i'ntention is to cover all nodifications,
equiryalrenisa schbflatd teprdaithti@soff afouith @xmplbtyrbrng thin film
spirit and scope of the invention. Detailed
UaE%@@Wlptlon of the Invention The present invention

pro
e R DR AR e
nagﬁﬂups The copol yner can be present, for exanple in
yer that is adjacent to a dielectric |ayer,. a.
conblkets & & spematiGRePES A olg s Frrarapnigeatic tin fim
traff@6d. fically, the copolyner can function as a

sem conducting material in electronic
Figures 7A to 7D are schematic representations of various exemplary organic light

emitting diodes.
Figure 8 is a schematic representation of an exemplary photovoltaic cell.

The drawings are not meant to imply a certain thickness for any layer or to imply a
certain relative thickness of various layers.

While the invention is amenable to various modifications and alternative forms,
specifics thereof have been shown by way of example in the drawings and will be
described in detail. It should be understood, however, that the intention is not to limit the
invention to the particular embodiments described. On the contrary, the intention is to
cover all modifications, equivalents, and alternatives falling within the spirit and scope of

the invention.

Detailed Description of the Invention

The present invention provides electronic devices that contain an acene-thiophene
copolymer with attached silylethynyl groups. The copolymer can be present, for example,

in a layer that is adjacent to a dielectric layer, a conductive layer, or combinations thereof.
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devi ces such as an organic thin filmtransistor or can
be positioned between two el ectrodes in electronic
waleargeescuch as an organi ¢ photovoltaic cell PECT/EHB2007/066622
organi c el ectrol um nescent device. The present
i nvention al so provides nethods of making electronic
devi ces that contain an acene-thi ophene copol yner with
Mayp spaceiianyiiiythe GoRAIBCT CRREUMEIOR 3 2SR cQaeuctipe RAteiadn electronic
devﬁ%/ c1I1 E@&n ?&Qﬁl@ 0 “?ra"ﬁgl 15? of; %Uh RfiohoP c%twe@{ tv% elgctrodes
ynyl =gr oups. r0VI ayer o
in elmmjnwed;evmee pach asginavrgand plﬁtgo@cﬂtaui cedimrtaha)tgamm’ﬁlalmﬁumlnescent
t.he copol yner dissolved in a solvent, fornmng a
deWg§-uti on i ayer fromthe coating solution on a surface,
andhg g@ééﬁgn%tlbﬁ arb g%ﬁ'@es%etﬁ&% of %a%ﬁ&t eléc”u%ﬁﬂct ices that
sol ut | layer yer containing the copolyner is
comthinen acarardhebphang MOmdraaél olfylchysyb gtouas. e Tlor mothod hrecludes

pr e R Bt T RandS bl Congr e Cof i B s rouos.

Prdvidifg ﬂﬁ@ﬁ%@ﬁmeﬁ iMd1hes RtpdrB@stcoafify sdl@idERi Q@i the
nore of the elenents being described. "Acene" refers

copadyracipdipspbyed|in e selvertafdrmingascdeianayerdrosy ﬁlewgeﬁlnggwéwtlon ona
sulrfaces’}md2 re}cn%él%g a??ggtes% erolf so]ll e]n? FrOft Ie | o'lut(? layer The lellﬁzer
gerrent 0 owng ormul a
corhtSmﬁfg the b@gﬁymaqy afteﬁ fbr@led oh ¢lad RiFfatbana aidbis@ate Bh en mmeface of
'S typlcally sel ect ed, from napht hal ene, ant hracene,
amﬁ@@ﬂﬁﬁ%ﬁ@ted?“ﬁ@ﬁﬁé@@ﬁé The terns "acene-t hi ophene
cop hdop $ Q L «
si | 3%1 mﬁ‘g}ﬁeﬁ”ﬁg@g E&H{S gﬁglg g ngl%t [ op @%&égcc: opg?%ng i “at
lcagt drie” $0 hly:hrebﬂiwasmhor@rocﬁ lttmsé'leraeres bisieg desttibedhangeably to

refer to opol y mer of Fornmu " Al Kk refers t
o éﬁfgrSéP uphemalc sraimgtc Bbecarba S5 hieas &t leas? 2 fused
beﬂms RnbSind 284 1HA1 ﬁ%ﬂg}fﬁh&&@a@ 1sROWn by AR fehgwing%ﬁnae where m is
i near, branched, cyclic, or conbinations thereof and
anmygﬁmaqw#t@um@@ﬁnsmin20030 carbon atons. |In sone
enbodi nents, the al kyl group contains 4 to 30, 1to
20, 4 to 20, 1to 14, 1 Q. 30 10, 4to 8, 1to
8, 1to6, or 1to 4 cs Exanpl es of al kyl
groups include, but are - qted to, nmethyl, ethyl,
npropyl, iso-propyl, n-butyls tert-butyl, iso-butyl,
n- pentyl, n-hexyl, cyclohexyl n-octyl, nheptyl,
The acene is typically selected from naphthalene anthracene, tetracene, or pentacene.

2% <6

The terms “acene-thiophene copolymer”, “acene-thiophene copolymer with
attached silylethynyl groups”, and “acene-thiophene copolymer with silylethynyl groups”
are used interchangeably to refer to a copolymer of Formula I.

“Alkyl” refers to a monovalent group that is a radical of an alkane, which is a
saturated hydrocarbon. The alkyl can be linear, branched, cyclic, or combinations thercof
and typically contains 1 to 30 carbon atoms. In some embodiments, the alkyl group
contains 4 to 30, 1 t0 20,4 t0 20, 1to 14, 1t0 10,4 t0 10,4t0 8, 1to 8, 1to 6, or 1 to 4
carbon atoms. Examples of alkyl groups include, but are not limited to, methyl, ethyl, n-
propyl, iso-propyl, n-butyl, tert-butyl, iso-butyl, n-pentyl, n-hexyl, cyclohexyl, n-octyl, n-
heptyl, and ethylhexyl.
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and et hyl hexyl ." Al kenyl" refers to a nonoval ent group

that is a radical of an al kene, which is a hydrocarbon
WORam/12£284 east one car bon-car bon doubl e bond. AEEUS2007/066622

al kenyl can be linear, branched, cyclic, or

conbi nations thereof and typically contains 2 to 30

carbon atons, |In sone enbodi nents, the al kenyl

cont AlksayD refsrsig a ponayalent group ghat 2 adical ofgn alkepe, wghickis a
hy%tiaﬁﬁbo%wtltﬂ aPreafon? cu%oﬂ cﬁﬁ;r n@ﬁuﬁ% ®0Rd. EF@HE&@TI ¥an be lnilear

eny roups incl propeny but en
brahahddy nydlic Oﬁ&EMQnﬂmmaﬂmnnduadenmmgy@upmhhanoBQcmbonamnm In

o0t A TE B S OB SRON M L1Le LSol 8
to OTANGH @rdoar‘t@ﬁca!térﬁs E’ienﬁﬁﬁg &ﬂ%l??@%uﬁﬂ%ﬁ@@ et‘;i]i@lg%,r%ropenyl, and

typically contains 2 to bon at ons

buenplodi nents, the al kynyl contains 2 to 20, 2 to 14, 2
to 1
car bOHORb e AT PHY hebisgtiadicn e fadne.

hy @obByByh witRa@ RYENOne caen Ruthodiple BOAE RhKMRYhyl G6OBOEnear,
such as an ethynyl can be further substituted with a

bra@phqd cylisupr conptirasiops theedodad typice!rsavtats drie 3gcathon efoms. In
sorng e n%g(%me&?t M\l’% a{kyng)} cq%tamstf‘ d)k%/d 295 94D toEI)f)am%% () 4 to§,2t08,2

met hox
to @rcm RS W, cagbvdl dbathQXExempMNirylalkyingf gﬂ'oapg mcaldaethw;aﬂ, pm)ynyl and
group that is a radical of an aromatic carbocycli
buiysi oo 2l gropps sugh asa sthymsl @ndwdbithersphgiteed @faﬁh a silyl
u%clude up to 5 carbocyclic ring structures that are
connected to or fused to the aromatic ring. The other
r i n gAﬂiomy’C tafere so & aonbealent@u@mip af, formuia aORwhere R Bran alkyl group.

|na n there s of ar rou clude
%u“@ tgllltuaﬁﬁ P 1@2&53%)%8;5?1‘;‘%%6?%%@81’0’% ‘b‘!h HOXY-

ant ARV rdTaRMS B¥lonoPasnaRt ke is aRANEAQRER QR atic carbocyclic
phenant hryl, anthracenyl, pyrenyl, perylenyl, and

compmmde ﬁlihle arylmaa hiyd dnerae‘bmatsc tiog emncaal mo;ludesum@tj tagbenyclic ring

strﬁturgs at %re coe'gec?e%ép or gq,seg H{ %fa}re_@%a&%ﬂg% hﬁlrea%g %g%‘rﬁﬁtures can

be atdaydtict Matarofmaty, Qﬁtcbﬁllbhﬁﬂoﬂﬁ thBreef eEJEHmﬂI@sr & aﬁ*ﬁ' @oups include, but
gr oups. "Fwdroxyalkyl" refers to an alkéﬂ that is

aresn%éltmtteatt@mhﬂmlhblﬁh@ybrtermbméfl Hpdhrok pagitadpacenaphthyl,
anthraquinonyl, phenanthryl, anthracenyl, pyrenyl, perylenyl, and fluorenyl.

“Aralkyl” refers to an alkyl substituted with an aryl group.
“Halo” refers to a halogen group (i.c., -F, -Cl, -Br, or -I).

“Haloalkyl” refers to an alkyl that is substituted with one or more halo groups.

“Hydroxyalkyl” refers to an alkyl that is substituted with one or more hydroxy
groups.

“Heteroalkyl” refers to an alkyl having one or more —CH;- groups replaced with a
thio, oxy, a group of formula -NR®- where R" is hydrogen or alkyl, or aryl, or a group of
formula —SiR,- where R is an alkyl. The heteroalkyl can be linear, branched, cyclic, or
combinations thereof and can include up to 30 carbon atoms and up to 20 heteroatoms. In

some embodiments, the heteroalkyl includes up to 25 carbon atoms, up to 20 carbon



10

15

20

25

"Heteroal kyl" refers to an al kyl having one or nore
-CH - groups replaced with a thio, oxy, a group of
WO 20024286 NR b- where Rb is hydrogen or al kyl , PGr/U82091/066622
or a group of forrmula -SiR - where Ris an alkyl. The
het er oal kyl can be Iinear, branched, cyclic, or
conbi nations thereof and can include up to 30 carbon
atogso R toahticaibrn ¥ome. Hapdp 38 capen afomss grivoadinH apuns ang alkoxy
Up to 25 carbon atons, up to
gngggca?%gﬁgf%ﬁ%ﬁmbﬁﬁﬁgg%g)carbon atons, or up to 10
caranmﬁmqﬂﬁrd%hﬁ@ahkmbvgemMpémanﬂvm@hdkwtgmaumSnanEx
subset s roal k ro roa " refer
arogayg ﬁ%&ﬁ@ﬁ? 008 |°¥H1z9\gﬁ graath?én oLy b SHEsia rom S, O, N,
or 84RFRhtidhs rtl'lé}goftlﬁ e rific! S‘lﬁﬁ% H%Eb?oé?&l Y EnRIBHAGLRI® or fused to
I ndependently selected fromsS or conbi nati ons
upmhﬁV@nﬁgsmwﬁMEsﬂmhgeaBunMuaah@memaamyhmnwngn$®nﬁbé Examples

or ey Eoupbilyde; iers e Put b ikl Mo PisRRE MR

imfd4 20T, 9§ra9$lyh @il SOBAS t¥ra A URazbRE loxalLo1 lbiébx%gll NSadiazolyl,
[im furanyl t hi ophenyl, pyrro¥ i m azonI

thlgya@bdl ypthlatzr)lyézmrrlylln,yl,tpeftldazzl@ylylbyrazlhylalzmlmdm}dmmlsnlyl
1sogu1%xﬁn§ﬁ enZoﬁ)l)éaa %%?)Zegzcﬂnbgﬁeng qlllc?q%ﬁl garbaz 120 dtblélrllﬁaoﬁgzc}fyl’

belﬂz!d)ﬂﬁﬁioll}ﬂy‘ﬂ)enzirﬁldﬁlzwlylpblhﬂdﬁnyl bﬁlﬁli’aef)llﬂ[[}aﬂylilmoxahnyl phthalazinyl,
benzot hi ophenyl, i ndol car bazoyl ,  benzoxazol yl,
bey@ﬁg@‘{lﬁqoé&lobgﬂzotr@élﬁz ﬁ%g@zg}y&, |phelgqnm{51u‘|1§ﬂchr1dlnyl and indazolyl,

ol i nyl, qui noxalinyl, phthalazinyl,
an%gﬁg%%hladlazolyl benzotriazinyl, phenazinyl,

pheﬁHBkhﬁwdkﬂykd%mcohmhmylamamdwdnddzmhwbmaand t he

l'i ke tergar refers to a ubs te

il + P RBVEY g8 Iist agmnw%lﬁmwp 0@@ \Xlé €5 &5 glé%s Were cach
R® fRQMRLhERH g@b"ef&!f%d(fforﬁ g%k%ééﬁ allGr, §lk(o§y,aa)1§en% q{e%r@ﬂl%h Ra

I's 1 ndependently sel ected from Rydrogen,

hydrokpallyyl, aiyk erafkyl, lirmreanyhImybtermydkﬁngabmgrpumrayd: sometimes
or heteroaral kyl. These groups

reS?%J§Hﬁ€PWﬁé§Loarépp@a to as silanyl ethynyl groups.

" Thi-pribkik > reREEo% héndvarangap 80 fortuRB RO WhERIIT 24 alkyl
-SR where R is an al kyl group. An electronic device is

grgfipovi ded t hat contai ns an acene-t hi ophene copol yner of

For M eéfecltronic device is provided that contains an acene-thiophene copolymer of
Formula I.
SiR®
ot
n

3

The acene-thiophene copolymer has attached silylethynyl groups. In Formula I, Ac is a
radical of an acene having 2 to 5 fused benzene rings. The Ac group can be optionally

substituted with a substituent selected from an alkyl, alkoxy, thioalkyl, aryl, aralkyl, halo,
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| The acene-thi ophene copol yner has attached
silylethynyl groups. In Formula I, Ac is a radical of
wW@rooaaa2es having 2 to 5 fused benzene rings. TPEI/B82007/066622
group can be optionally substituted with a substituent
sel ect ed froman al kyl, al koxy, thioalkyl, aryl,
hal o, hanaIkyI hydr oxyal kyl , heteroalk

hal&lfl]lkéh V&roasyalléﬂnb@tﬁa@hkah@k@méls abfomipRgipnRENareof. B R i

inde %&Eﬁﬁ?’? &Jt%/d ﬁﬁ 'Figo re};ll [a‘ﬂ%ll F%}B Gfken ef\eéﬂ% é’heﬁk&?% aralkyl,

hethﬂiamﬂqal lkﬁyérpaldiyl byhiydmy;aalllkﬂ] DiGilara lgenip @ltsmpro@nuBl IfIII, IV, or
Formula Il, IIl, IV, or V. Each R and R2 in Formul a

‘Il to Vis independently selected from hydrogen,
al kyl , al koxy, thioal kyl, aryl, aralkyl, halo, s
hal oal kyl', hydroxyRd kyl , heteroal kyl, or al I

Subscript gn is an i great er sth or equ o 4.
The a | Sks—i ndi-gd& ocationf o t aghmeny to
anot her p such ther rep hit of I a
-Ac(E) n ere each E I\g, of fqyul a 3LC Sig Ra) 3z, The
Ac group is a radical of an acene. The acene can have
two to fiwe fused arolmatlc rlngs arpanged in av

rectilinear manner (i apht hal ene, ant hracene

EaglpR | gadRe,in fpripea tHa'f@e\ﬁ @)mdmn@%lwel@é@ﬁ deonyhydrageng lkyl,

t
R D
Su‘wlurlphn eaahintegeibgoatat than dhajual ® 4 Thendetrisod 1ndmh§e the®cations of

ring i s nunbered. Various position f.ex
attaghayat @ ﬂ:%( Eroup suel HAnBHer g AR oI SPTI & e@éa ~Qgéere cach
E1§BP}?M?m'u[b e ggkt)gavvl ng structures for naphthyl ene-

6-diyl, anthracene-2,6-diyl, and
penff he émegrQup)Ls i Iydilcﬁaﬁ lan Acengr éFdnp abers dambavotval terftveyfused

oG e R Qo o FORReT Y S H ROR: ERETAce R Kqgigene, o

peifthd b et iRYle LERURS i@ doldRtcdd dnY ndiHiadliRdaktBrab &R, sANME
aromatic ring. Wen the Ac group is deri ved from

peripgdne adepresgre punmenls eyentayaimbgping |S¢quee@ehlylwyhlclg pashsgrbon atom

thag %n orﬁgﬁlgerl St o%i;h&? h1$ 1trs %u%l%glgﬁaggrlol [ tloaé) ?fgexgglggar%gcene -diyls

(id rtﬁvamtteadladlsmﬁztn ché)Ngs shohdn ms@@fdﬂm&mgmmtchﬁeg foF Aphthylene-

‘i nner aromatic rlng refers to an aromatic rlng
2,6-diyl,

5 4
anthracene-2,6-diyl, and
8 9 1
! l/ XX
a4 3
5 10 4

pentacene-2,9-diyl.
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of an acene that is fused to two other aromatic rings.
For exanple, the ring containing the 9 and 10

weowin2ass is referred to as the inner aromatiBCT/USH07/066622
for an Ac group based on anthracene. As used herein,
the term"outer aromatic ring" refers to an aromatic
ring of an acene that is fused to onIy one aronatic
ring. For exanple, tH i
and 4 positions afd
and 8 positions arg

¥ basg -
enbodi ments, it is preferable t hat the silyl et hynyl

g r o uﬂash Ak @rcaiptla@ D@6l conl@iilyl aaetiedrsilp@tighyt gleulé\s:ofgbﬁmua
the Ac . group is derived fro

Caﬁrfﬂﬁ%de n\éfhe@ H@ Asﬁ gropR i Hemiypd &Pmmhﬁxa@nﬁ*tbﬁ srapixjethynyl
grcﬁlﬁ% 2&&% 1thend @t I é’%hltah@ﬁﬁ Wl{%n%eak gf&%ﬁ 1§)Iierlved

recursor use prep ar t he copo
froof ztlﬂhrabﬁmeldn”pememheb&le awd algkﬁnuhmyl@frouﬁs eas bbt}hl betalttycheld to the

pups to an .inner ar. ic ring of the Ac,group. \Wth
saflg foehiremate gpg gF alilfaﬁlf)y&etfw% §r°“§t°ta%@ﬁ ﬁ%%ﬂh%?o 5B of the outer
aro?ﬁa!ti}élrﬁng'VRX hys&l YR, Hhe tdrBe Thi GFontRR i '?&ersStH %H afbindc ring
6 and 13 positions of an Ac group derived from

of fmameac erae s firsad toéwa Iother aronfaticgmgat Beit cxgmphd, Ithetnyngﬁontmng the
9 gga §ﬁecurs d herein, .stabi.lity, ref % 9
apdd P PHHAL s LIgYF a}s C IRg7 BPmalFEPE AT gr\%&% asedon
anthidc¥h €t AY I hgfedPhd &rrﬁf“out@f dhatic ﬁﬁ% SteférRe) $h MWoBadc ring of an
each Ra |ndependently i's hydrogen, kyl , al koxy

aceaicledtyd qu%ROemdmpm@aromhyw@&y aﬂomcamrele ythe rlhg@@trt@larqgl the 1, 2, 3,

B L5 ST ES B, B0 Bt L KB o

ouﬂet Bi®afatic tmmgm tdrad Accg/tﬁhp bascad bnanm@adanm at i on t her eof and
usual ly have up to 10 carbaqgn atons, car bo

up
at oM Mgy e%O@H@a?Sbw RietsEble that the Stlbleﬁlyeélrgsevpsar% Atgached to
an fhef {ETBE BEAALK D IFURDIRU hg S AT dCo I Ypchracene,
thd slyktibsiyl gmupsjarmptéferabb'rveﬂaylhedgat du:p) arfexEnisitions. The stability of
het er oar s often have a
e e Srpa et B o G hetop S ihern e oo o age oo by stiachment

of {h%tsﬁ&fé YAPBAB A0 aﬁ)ﬁ%{H? |aﬁ{n¥atﬁ%{n%rcﬁﬁ‘ﬁeakg %kou‘ps Vth ﬁiulft‘rﬂle inner
aVIng Upt01 carbon atons that is su Stltute

arenabicamgs, attealivesrddf H@tselvkwﬁr}wl gmupmfg» the mnepmost ring, such as at the

6 S ORLSIT s i {Blofip 8GR fySm BB %%S%y B st

staBiliyT6f thd Radneipsecutdor. Bk hyddiddiRydtat@liQUBfetsStodesistance to oxidation
an(ti/gllr c?1|r11ke¥1|z§tllolnyl et hynyl group. Each al kyl

Each silylethynyl group is of formula -C=C-Si-(R"); where each R* independently
is hydrogen, alkyl, alkoxy, alkenyl, heteroalkyl, hydroxyalkyl, aryl, heteroaryl, aralkyl, or
heteroaralkyl. Exemplary alkyl, alkoxy, alkenyl, heteroalkyl, and hydroxyalkyl groups can
be linear, branched, cyclic, or a combination thereof and usually have up to 10 carbon
atoms, up to 8 carbon atoms, up to 6 carbon atoms, or up to 4 carbon atoms. An
exemplary aryl group is phenyl and an exemplary aralkyl is an alkyl having up to 10

carbon atoms that is substituted with a phenyl group. Exemplary heteroaryl groups often

have a 5 or 6 membered unsaturated, heterocyclic ring that includes 1 or 2 heteroatoms
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group often has at least 1 carbon atom at |east 2

carbon atons, or at |east 3 carbon atons. For exanpl e,
WO poogoeiescopol ynmers of Fornula |, the silyl et hpemUS2007/066622

group is triisopropylsilylethynyl where Ra is

i sopropyl. In addition to the two silylethynyl groups,

the Ac I8|roup can be optionally substituted with a . )
and giprqmmiaythetrsoaselkplds pp ahayhavangcyn to K qashap atems Gt jsypubstituted

ar K al kyl
Wlﬁe%e?%@ﬁ%bﬁ% }egllﬁgelrrl%ryhg‘wgol I]izn%‘{l?%%tgﬁ%éher eof . \Wen
r ef & morgspeoifidexsmplet,icavieRE &, antdtley] theving 'up aoridd,nat tb Bnsr up to 6,
her eof n refer_either to nultiple substituents on
curpig algEnsg ?@‘ﬂblsptﬁ‘e S s RY s ou b @;tpg%@#%ﬁ?lﬁﬁ%ﬂ BO¥Ry Byl
groi%ﬁﬁe%%%g@ £dc¥ § Radof 8RNt RUBS! dadhbtsitom&Norla€REt 3 AArbon atoms.

odi nents, the addition of one or nore
Fosenastple, e mirse ceapolymes efEerntie,.sd sikyléthynyl gfouphe

..copol rr of Fornmula,l .in organic solvents or can
bR R HE WA RIETS B P 8PPt he copol ymer wi t h

var [ougdies ol tHQth@ﬂ%@@th%ﬂﬂ BeoupSI tRY A cQr&d caRdedptiasd1sd

to any position of Ac that 1acks an attached

substifugtw iy yhbssiteupsclae emme-Alii.opkeethiasollyensk apikyl, halo,
F | ] it hji aph | vt hi aph o
TR0 LB, DB L R, BRIGRS W0HR i

AcGubstudtss Bheeteirg dedrlsifations ithtgbe ghDtéfer@dith&:0b Mkl eiplk Isubgdituents
V. The copol yner is usually canjugated thr oughout t he

on thedye Broyp of fia Bk sulpHient thils durtfice sulsgifuted Wifh ggeeqpdcer

sul%ﬁ%ﬁts.‘ Qﬂt&(ﬁ s Iﬁ?&ﬁﬁtentgnhé ﬁd(?{i %Qf chél s rﬁcﬁg g@stia%egfs can
I'n the copol yner that can qi SF up the conj ugation o

inctasbdthe sbhubdiy af trgopbigmeackbBanelof intdigandio gl gmesr. cahnmprove

many enpbodi rent s, is attached to an outer aromatic
ther‘ioﬁ‘é’ati LiRgo0 SFOMI?WEW \@Sh YRR COPUECHY SO  hed at

POSirb @S chn b attabhed to ahy Rsition oA ShAQhck8RnARadQYRylethynyl
based on ‘eit her napht hal’ene or anthracene and at

grqups i Tthic @pencithiopherB, copplydjer Of Faulok lagks & bithiaphee ogpolythiophene

bas on pent ace When is attached to_an. oute .
e Potaet b POyl e Rt Il Pt Pt g sinele
grApLOTFREANR IPfo VETh@6&HByméMNe ubudlly Sohbab MRy hghdnOME $ength of

are usual ly attached to an inner aromatic ring of Ac

theggogolyimet e TAgre yra ypichldy B@ AACEhETeRPShabTreRn tevorreprit upigs of formula
-GS, MHBAIaR 8 AL AERS o0 AOBLRSAPRL 6
ba¢kd®hé bOMS cOpslymdH for an Ac group based on anthracene

or ?I!:l many embodiments, Q is attached to an outer aromatic ring of Ac. For example,
group Q can be attached at positions 1, 2, 3, 4, 5, 6, 7, or 8 for an Ac group based on either
naphthalene or anthracene and at positions 1, 2, 3, 4, 8,9, 10, or 11 for an Ac group based
on pentacene. When Q is attached to an outer aromatic ring of Ac and the Ac group is
derived from anthracene or pentacene, the two silylethynyl groups are usually attached to
an inner aromatic ring of Ac and preferably to the same inner aromatic ring.

In other embodiments, Q is attached to an inner aromatic ring of Ac. For example,

group Q can be attached at positions 9 or 10 for an Ac group based on anthracene or at

positions 5, 6, 7, 12, 13, or 14 for an Ac group based on pentacene. When Q is attached to

an inner aromatic ring of Ac, the two silylethynyl groups are usually attached to an outer
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positions 5, 6, 7, 12, 13, or 14 for an Ac group based
on pentacene. Wien Qis attached to an inner aronmatic
WO 20vg/12£28Ac, the two silyl ethynyl groups are uBCEUE2007/066622
attached to an outeraromatic ring of Ac. For exanpl e,
one silylethynyl group can be positioned on each of
the outer aromatic rings for an Ac group derived from
aroFpAtiG T BEEH & o rF o entraRlenene sililegyat 216HD €30 breposifioned e lsaeh of the

outeP at%'ﬁ%lﬁg rﬁ?g?qu fa%)l(uAr 91? Héﬁ\leatft%q Xﬁthratcgr?e eg{a%ﬂ% i s

attac as an end ‘group of the

co p oh yddtioroto teigt iechadep %Muplm lahd af tvfdxrlljilldthiynyActKleEAc gQup is
where E rﬂ%ers to the silylethy

attached fq ¢ SO HSR a3 anvgRdgroyp Oﬁéas: glrﬁé)lgf E&i Hroter é%maﬁ unit of
forhfuilAL A&@ 56)- Sherd F r9EAUB tlg élg/lé%ﬁ’;;rgl* gﬁ)ubs 1% QEé Ashedgto

an i nner ‘aromatic ring of fourth
colgﬁymprw matatfltablnasat whs:dn@d ntequEtl e atslaast 5). n]f groua)r@ makborenula I s

s at ed to uter aronma
anigh® jp s ip s ReSPLAFA b8 g iR eeind phchatib o e
sarh® BinePRO/ati€ rigp! BTgréiPOBS htachbdh anlfiAdr drématd] ©4PoRhanE group,
the fourth group are often attached to opposite distal

theelaugh grouphgoiten ataghgsl tpithhopnesite mel‘sarpsnla@@ hygy Thegrisgseup Q and

the%fgleu%ﬁ Foqupt %C%%nzaqarg%eﬁ;o%nﬁ8ﬁllt% 1steﬂ%n? a%r tggn octgr%’r‘ s Eﬁé éhe two

sﬂil@thyﬂyl%ro@s&t(tﬁd:ﬁeyl|t@h1|il gt droaqtit kiak on &reZA&gﬂduyl
1, 4- bls(S|Iylethynyl)naphthalene 2, 7- dky 9, 10-
bi s (lvempl %WH%@)Z)%‘?HH% ingbedse byt age gotyjfmited to, 1,4-

blsgm%%dﬂln? )ﬁé Yh rgé %? acféﬂ g)%gﬁ%etﬁyréﬂﬁbyﬂthalgne% 7-diyl, 9,10-
blseslmdm@(ys)ammaeemm@lﬁn9 16-disésibAQh 0 dinthiracefic-23-diyl, 2,6-

bisg TS At T endhenblethgathytceny 9g0-divt, 6.13-
bls§ ?(&EMl)ﬁ&ﬁXMEJZ@&%%efBeb@(sﬂ}l%fhglh?‘llgpen@efcene-2 1 9 d13f11 2,9-

i S('si |yl et hynyl)pént acene- 6
bls(we@dlwbppsampr@@tdlmh at IZ)IOHaS(sl}tN:tbylAd)pgn@g@e -6,13-diyl. Any of

bstituted w t Qi
thegilfl gﬁs%lw galﬁ%t@nalg'a}?aélgaﬁ%xc gﬁ‘g}@’rs E%}/faﬂﬂﬁg |W? aélﬁy&aqlgviy, thioalkyl,
arydl @Y1 hal6! hGQUTRYI n@dr&gﬁﬂiym Qfe&%alkﬁhzﬁk&ﬁ& i dricBMbIAABAY Gereof,

in front of the term i ndi cate the carbon at om

Theyiton pemigyry frotipntad dha ﬂﬁiﬁnf skt Irdigptedke earleonsatomonleate ths Q

oSy, T BRI 2 o s

bi s Sbmicahdey kpdcifyd AtMNylohpaipbludal e erchob tihitel to, 1 ,4-
4- bi s( trlalkyIS|I Ieth yl ) napht hal ene- 2, 7-
blsgr@@wiﬂgkefhfymal)mhéh grf}mu b, tSﬁtﬁaE@Fﬁéyb‘-t@nal)wphthalenei 7-

o RS A L e -
bis(trialkylsilylethynyl)anthracene-2,7-diyl, 2 6-bls(trlalkylsﬂylethynyl)anthracene-9,10-
diyl, 2,7-bis(trialkylsilylethynyl)anthracene-9,10-diyl, 6,13-
bis(trialkylsilylethynyl)pentacene-2,9-diyl, 6,13-bis(trialkylsilylethynyl)pentacene-2,10-
diyl, 2,9-bis(trialkylsilylethynyl)pentacene-6,13-diyl, or 2,10-
bis(trialkylsilylethynyl)pentacene-6,13-diyl. Any of these groups can optionally have the
Ac group substituted with an alkyl, alkoxy, thioalkyl, aryl, aralkyl, halo, haloalkyl,

hydroxyalkyl, heteroalkyl, alkenyl, or combinations thereof. The position numbers in
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diyl, 2,7-bis(trialkylsilylethynyl)anthracene-9,|
O-diyl, 6,13-

wWhe@{te4284 kyl si |l yl et hynyl ) pent acene- 2, 9-di yl, PCT/US2007/066622
6, 13-bi s(trial kyl silyl ethynyl)pentacene-2, 10- diyl,
2,9-bis(trialkylsilylethynyl)pentacene-6,| 3- din or
2,10- bis(trialkylsilylethynyl)pentacene-6,13-diy

frophgf the trme siy 1 gingigete hasadph aéﬁawhve 1ie/Q growy amd t@@ ngsth group

an al kyl, al koxy, thioal kyl, aryl,

o M?‘&édltgtﬂﬁe%wg}%gl oal kyl , hydroxyal kyl, heteroal kyI ,

al kém;dme giplicadns 3ath @nhodchemendh th@laepqlpmbltsifomntimum‘ser S

infront of the term"di i ndi cate the carhon ato
Se%e?ﬁlwén@r diignanhe é%sga?laa?ﬁ cYrBdls HPEP %%@&Xte&ded

cor\ﬁgﬁgagi%ﬁ 1A a fu'iba% QIFECHRARL . Cabhgﬂl% HaHbn@ 1 iR Bolyther). Such

t he copol yners function sem conduct or
copm\yrer:ns a¢rel, toiatigmagll yethdesh otish & tho femlation ofistade lige guystures.

t. h ded th
Tl S i o B pp ST s SRR bnef T 28D i B R R Rqer
aronyEd rﬁfgﬂmth/d‘ﬁfeﬁe {v@Rdhd Qv Adily Byl ?ro\&bﬁ htRa6dtonNBAer alomatic

the formati on of stack-like structures. That is, in
ringoifrheapis|an dandr eresnatictrinigs FyewbéarabiceE ) Begups n@h(gegblwpe not

tinfiog 3. BRI Rl B SRR U SOt e acene

h™t he yny grdup Y&€hed to an inner

b1s&h@lk@tsll1(]lefhylﬂ91)nalﬂ1tﬁaﬂ@1%@ 6-giyd, 1@6@(511§Teﬁ{myl)@nthtabgle-2 6-diyl
roups_include, but are not limted

sughn 04bll§(t§%1§Y’?S511%éﬂlﬁ9ﬂ%qlﬁa‘ﬁF:@€h%ﬁ dheon bl y1 | suoh as
ol 1o ) i ey o .

dinD AQy boif ghiese p@hfsy tai dpjﬂoeﬁlt;yhtqvle)tbmi&h gam@mabsmtﬁedi wyth, ancalkyl,
si |

alkexx éhw?fé?/f AT} 4{5‘&1\/ %l:o)eﬁﬁ E E@w?@@&%&t@% Eylyﬁlkew%wr

cobinkfi&iandeotps can optional Iy have the Ac group
substituted with an al kyl, al koxy, thioalkyl, aryl

ar aIG(Wp Qhasaiectd:daifrmalﬂoymmaﬂildeW dedeyibed mtver Ea:lhkgﬂ)up RI and

R B Y e ey sl Hon i OuE:. AT SRt
ary@lmalﬁﬁl halo} m&@kﬁoﬁyﬂﬂ&é}&ﬂdﬁ Hefb‘ﬂ@dﬂ%ﬂdzﬁﬁéﬂy&' &%bﬁfbhﬁﬂons thereof.

from drogen i< I | koxy, th |oaik I

WhanaFTeyaz Wairoipsiial ol RGICHe Il snybinkyans tharel sefieyp a first
groql!plﬁﬁeﬂ){é Hr% %%%ﬁ%%t\b g’notﬂlpe? ?0 ;, V\h_en referring to

erm I'nati ons thereof
r ef & sorh®er@bddifnshts @f gtq@lthlaherb $ dtuedsherde BUpSuplodR@Group that

cor\llg.aitng ata lggstt qec:ralrb%;%lflo%ls such as 4 to 30 carbon atoms, 4 to 20 carbon atoms, 4 to
16 carbon atoms, or 4 to 10 carbon atoms. More specifically, there is at least one R1
group or R2 group selected from an alkyl having at least 4 carbon atoms, an alkoxy having
at least 4 carbon atoms, a thioalkyl having at least 4 carbon atoms, an aryl having at least 6
carbon atoms, an aralkyl having at least 10 carbon atoms, a haloalkyl having at least 4
carbon atoms, a hydroxyalkyl having at least 4 carbon atoms, a heteroalkyl having at least
4 carbon atoms, an alkenyl having at least 4 carbon atoms, or combinations thereof. The
selection of at least one such group can often increase the solubility of the copolymer of

Formula I in common organic solvents or can often improve the compatibility of the

acene-thiophene copolymer with various coating compositions.
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In sonme enbodi nents of group Q there is at |east one

Rl group or R2 group that contains at |east 4 carbon
warens2e8ch as 4 to 30 carbon atons, 4 to 20 cR€DUS2007/066622

atons, 4 to 16 carbon atons, or 4 to 10 carbon atonmns.

More specifically, there is at |east one R group or

R2 group sel ected from an al kyl havi@g‘g at least 4

car Bemegremplanasppaleesey havpviferjicat R| asdR2 greups pelacted from an

| .

oG] Bffine 81604 S00h 070 D0 Rbxy BATH & 1GAT BOMLDH e, Flhicallyl
hadihg belasdt 4@rboaraoons, ah aryg hawnp at leadt bydarboa\atorgs, ah ataladthaving at

4 carbon atons, ydroxyal kyl having at |east 4 .
leaga RO BARS: a&iﬂ?f@ﬂfﬁ@&_ Ykt R iqrf@r gyt drcap i having
at 1?%59 MRoartR RHE Qﬂete&‘?ﬂk}q%g@igé :aﬁ§§§t 4ACa%nbaQ&|n§,taﬁ'£ﬁqen9fhaving at

nmbi nati ons thereo ection of at |east one
leastife brroroatpms.aor agfordnnatioorteasd. t he sol ubility of the
cop mer .of Fornmula .l in conmmon organi.c Solvents or ..
can 107 CRRP VR 60 Boriua LSBT Ppied Y8 SRl couphng dctions
su@CBRBowAiIPREBLMBn SeRGhyRBr Wi th various coating .
conposi tions. Somre exenpl ary copol yners have identi cal

Rl and R2 groups selected froman al kyl having at
| east 4 carbon atons, | k v ng at |east 4
lg%c %n%xe&l@# | east

carbon atons, a thioal aving a 4 carbon
atdgs, an aryl having at Aeast 6 carbon atonmns, aF
gr_a ky) hayi ng>et©l east car behcastiysirs, .oallkyl O
av[ng at Ie 4 BaPbonl at ons, —a—hyeh oxy IkyI,Bh?v*'rEng
at geast 4 carborf at o, het er oal kyl hav? n@p at .l ea@
4 carbon atons, an al kenyl having at |east 4 car Bon
atong, or @ conbination thereof. The copolymers %f

rreact|i onB—sacB, as| showin inn XRe&eXi on—Sechone A.« et .
Sch Acl ¢ OC\+ - R< - . catalyst A dihal cadene "
havi ng two attached silylethynyl groups (i.e., AE

A JERGGRASCY b L BAERS- SR LSR5 L SHQUR R

groupi Eirgirbgentsahe g@dp Wif%dmﬁllaii(@(an(R@L ,ne 3Stphesast a halo) is initially
bi s(pi_nacol at o) di boron to form an acene conpound

reaﬁ‘ggi\)ﬁgl 3 doxahaadlanorush 28 gls@lgqpﬁgat?)é}b@ro’n to form an acene compound

A ST iRt 1) TS G DR oo

compogulln thehircated witlQa Xjhatavhibpliame tchmpowpb(i ¢ ne-QeX) to form the

For nmul T I r . 1N th r I on n
co@yq%oafsﬂmu@ﬁ? ﬂl% h%loggrgllillg)ssm Ithe stecgndq 1%%8‘[?0% ca% ce:tﬂlleosan[g:eaor

different than the halo groups in the first reaction. Both of these reactions typically take

For | ¢an repared using Suzdichiag@upl in [
% d

place in the presence of a palladium catalyst such as, for example, [1,1°-
bis(diphenylphosphino)ferrocene]dichloropalladium and
tetrakis(triphenyl)phosphine)palladium(0). As an alternative to Reaction Scheme A, a
dihalothiophene compound can be initially reacted with a dioxaborolane and then reacted
using Suzuki coupling reactions with a dihaloacene having two attached silylethynyl
groups. Suzuki coupling reactions are further described in the article by Ito et al., Angew.
Chem., Int. Ed., 42, 1159-1162 (2003) and supporting information referenced therein.
Stille coupling reactions can also be used to synthesize the copolymers of Formula

I as shown in Reaction Scheme B.
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different than the halo groups in the first reaction.
Both of these reactions typically take place in the
wee@sanees of a pal | adi um catal yst such as, forPERESPNE066622
[1,1 - bis(di phenyl phosphi no)ferrocene]
di chl or opal | adi um and
tetraki s(triphenyl)phosphi ne)pal | adium(0). As an
alternative to Reaction Schenme A, a dihal ot hi ophene
compound can be initi ] W th a di oxaborol ane
and then reacted u3|ngk§%n égﬂﬁllng reactions with
a di hal oacene hami ng two attachBGuShtylethynyl gr oups.
Suz ukiQ-¢oupl i rg—Feact Lion@—atie #H#%i&%»descBwﬁeerﬁSn%@
article by Ito et al., Angew. Chem, Int. Ed., 42,
1159-1 162 (2003) and supp?rtlng by cam"?t'on E

r ef ced ei n+ St pllng_Lgéctlons_qéd al .
belﬁégﬂ ?o é@ﬁéhe5|ze #he opolyners of For mul |Cas n
shown in Reactlon Schene BEReactlon Schenme B 2 LiE

Bu3snCl HQH Li-Q- Li Bu3Sn-Q - SnBu3 n Bu3Sn-Q -
A Brphgnacapoun Gﬁihb@] Bthiaseshangritict epactee Withtarfrigtkatstaanate such as

trﬂ%lﬂ)?g ﬁ@f&ig go ﬁf}rlfhrll t§10&3 Eﬂael M %hﬁ{ﬂ EL?D éﬂ:\gltﬁ‘ﬁxxo tr1a dkylstannate

o for ene conp

grcﬁllprThé tiseltinpithibpHeno cbmpalhddydaattmﬂ&t Iea@écbmaﬁe prb@lce ofa
resultlng,th|ophene conpound can then be reac
i

palladaurp cafabyswithp d&l%?%dramgcta@aﬂﬂ%hedﬁlmt@nyl groups As an
altéj[hgt‘?sleoca ‘i@eg@tld?lasldh@&etﬁ“an %Eé&%ﬁg‘wﬁd Atyalcﬁédjéiﬁl'éthﬁfa@ gRﬁlF% can be

an alternative to Reaction Sc ace
htlnamd atd theh eshctedwithed tmabyyllstgmateps faanabeacene stbhsatueetl withl two

) n reacted w a trial kyl stannate to faqrm an acene
il b T gy T Satfing s PR cah Shs oo ER
dlﬂafb‘ibeJHéﬂg RAR ML ATNOUhI 6 &nd &@@@e sﬁﬁ@@&gﬂ#nyrééauans are

di hal ot hi ophene in the presence o
further émsﬂoed stthe prsictes illenet al eddPigo ﬂéerar 605 Q1B HE19 (1995) and

KoFATERIES chdy’ o) SERECRHNIEL &1 % oo, Gham Res. |
34, DiIRfload6Res(Ohb)two @il?@ﬂ@rﬂ?legiﬁﬁpmwmg?ﬁm/@sized from a

S|Iylethynyl groups can be synthesized froma
dihgjagggnsas shewa & Brdrample Stqﬁ?éOIEQ%%ﬁﬁh@WSé% RicagtiogrSchgme C. For

o LB TR A RS TP Epiggne vin 2

dimjontpiesicae suchtas 2t6-dighMrddapRthBlene, which is commercially available from
Apin Chemicals Ltd., Oxfordshire, UK.

Reaction Scheme C

O
X
CrO, / HOAC X
—_—
X X
O
R® _ R®
— L Li L
H————Si—R ——» Li——Si-R
S R
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di hal onapht hl ene such as 2, 6-di chl or onapht hal ene,

which is commercially available from Apin Chemicals
wo@7/12428¢ or dshire, UK. Reaction Schene CThe PCT/US2007/066622

2, 6-di hal onapht hal ene can be oxidized to

2, 6- di hal onapht haqui none. The silylethynyl groups can

be added by formation of a lithiated version of

si |yl acetyl ene conpounds fol | owed by rdB0iSion with the

2, 6- di hal onapht haqui none. Vgyious silylacet \

conpounds are commercially § abl e. For exenpbga,

(trinmethylsilyR)acetyl efie A

(triisopropassirRl ) dce

(tert-butyl di hyl stTy 2

GFS Chemi cal s, Col unbus, OHg

(Di nethylphenyIS|IyI)aceterne

(et hyl di phenyl silyl)acetyl ene, and R%).Si

(triphenylsilyl)acetyl ene are avallabf ?rOWlAldrICh

Cheni cal @) s M| waukee, W. The resulting di R,

ane—

pr oduct can 't hen be converted to the correspgndi ng
aromati ¢ conpoN reaction with a reducin3|agent
such as stannous rlde g%ﬂe}opentacenes th the
hal o group r o 0Si ti ONs A% X

|n Reactlon Schene
reacti onXxof ™4 p
under typical Pri &diel -Crafts conditions (e.g.) AC 3,
which is stfong Lewis Acid) in an inert sollyent or

W th haKBBéﬁzene as solvent with heat gives the two

i someri c bi s(hal obenzoyl )phthalic acids A andi®);These
i soners can be separated by fractiona

The érdibalandrihzzad¢ngrean bp p@idmed@ 3pkdihdendpptiaigfihene nblessiiytethynyl

solubility.
vy Pl ddaeg BY Bl inh BF & i O loR sl R compoymas
folmparatehdtiohiwitt thb R, e didhloa@hitiuinont hevgns a&s;pmcgﬂﬂ@
tetrones C and D using triflic acidfoll owed
comnpenws ancongnergially axqifabip. E@ﬁt@é@l‘éﬁlﬁs(t@@mlﬂiywwlene

(tr%r gisldg')gc(e%:iﬁgﬁle ﬁrﬁjﬁ%}@)‘rﬁglsﬁ AC Sénb é%{(f{%rg But T&&eﬁ%lsﬂyl)acetylene

ow a ent group
are%iaﬂﬁble froCGESE hBmkcal3, ThRinttes pJOHL mglrdd:thﬁllphﬁqmilbzd:)aﬁﬁﬁlene
graQ

(ng SR 5B B8t 0 (T CH o5 RERLATS B BBIRHM A ldrch
ChEi AREL OM1iRTakREPRY NERe fes@BHg Biol product can then be converted to the
corresponding aromatic compound by reaction with a reducing agent such as stannous
chloride.

Dihalopentacenes with the halo group in the 2,9 or 2,10 positions can be
synthesized as shown in Reaction Scheme D. The reaction of a halobenzene with
pyromellitic anhydride under typical Friedel-Crafts conditions (e.g., AICl3, which is a
strong Lewis Acid) in an inert solvent or with halobenzene as solvent with heat gives the
two isomeric bis(halobenzoyl)phthalic acids A and B. These isomers can be separated by
fractional recrystallization, chromatography or by differences in solubility. Further
reactions of the individual bis(halobenzoyl)phthalic acids A and B are carried on

separately first by cyclization to the corresponding tetrones C and D using triflic acid
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woul d gi ve the correspondi ng qui nones G and H
respectively. These conpounds could then be converted

w0 oodae428@t i ves with the silylethynyl groups arCEHUR®A7/066622
at the 6 and 13 positions of the pentacene.E H
Di br onot hi ophene conpounds of Fornula Ha Ha can be
repar ed by brom nation of the corresponding thiophene

rfgductiqgto the depiped mﬁ%c@geﬁcﬁu #hhl vithi sepEnkorehyfrkls and
sta (?f(;str?glgbal?glt Elh?n g g%geld@ga@%g r%p# SPSLﬁﬁtltuent Cﬁljro%ps

Formula Ha wwith Rl and R2 equal to aI kyI groups can be
prepared by reacting apa,fiofli ﬁﬂ%r%'i’d ophene with two

nol es of a Gignard reagent contalning the desired

al kyl groups followed by a brom nation reaction. This
method is further describhed i he article b|¥ Vi dal etR3

fal . Gilem, iurRsJ 4,6, 16830k673 (2000), 'Hoc  com
o D @i hi 6 B,Lb.]_t,hlo H IaII II gdan
pa«aey brom natbl i @ &, 0T Kes o

°t hi en8[ 3, 2-b] t hi ophenes. RSofre t hi en?ﬁ[ 3, 2- b] tfh°>| @phené’s R3

are commercially avail able from Maybri dge, Cornwal I, B
UK. 3, 6- d| mst hyIth| eno[ 3, 2-b] thi ophene |s ava| I abI e
from Syn&he % @efsopny andQ .
2,5-di'D Dt iy en B t hi ophene 13

LNV A, Qther thig
can be s it eS| 2882 as described in thy A
Zhang et al , Macronol ecul es, 37, 6306- 6315 @2004)
Di hal ot hi eno[2 3-b] thi ophenes of Formula |IVa |IVa can

be preparR@d by bromprgatl on of the corprges:,)pondlag R3

t hi enof.2 3 CfSOH
gl/g:elt g%r JohnsonRC '@@@O

MA. O heR3s@bstit@ted thienof 2, 3- b]tfﬂ?’o@henesoca?? be
prepared usBng an anal ogous reaction to thaP descri bed
in the article by Cornel et. al, Journal of

R3 O R3 R3
- O‘O‘O IS 000 '
R3 snai, X R3
R3 O n R3 R3
C E
R3 O
O‘O‘O - OOO
R3 R3 R3
R3 sncl,
R3 O

The resulting dihalopentacenes can be reacted to attach two silylethynyl groups using a
method analogous to that shown in Reaction Scheme C. Oxidation of compounds E and F
would give the corresponding quinones G and H respectively. These compounds could
then be converted to derivatives with the silylethynyl groups attached at the 6 and 13

positions of the pentacene.
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Het erocyclic Chem stry, 38, 1167-1 171 (2001).

Li kewi se, di hal oet hyl enedi oxyt hi ophene conpounds of
wo-0mke8é/a Va can be prepared by brom nati on BET/UR07/066622

correspondi ng et hyl enedi oxyt hi ophenes. The

correspondi ng et hyl enedi oxyt hi ophenes can be prepared,

for exanple, by transesterif cative cyclocondensation

of commercially avail abl e 3, 4-di met hoxyt hi ophenes wi &)

gemi nal diols such as 2, 3:butapediol, 1,2-propapedid,

R3 ‘ . e
.’ p @ f SABA S gg di bre OQOOO R3

atrd he 2 and & positionsrai th &N bromesucci ni m ee or
ot her suitable brom nating agents. This nethod is
further described in the article by Nielson et al, SiRY),
Macr onol ecul es, 38, 10379 (2005). The copol yners of
Formula E typically have a wei ght average nol ecul ar
wei ght of at | east 5,000 g/nmole. In sone enbodi nents,
t he wei ght average nol ecul ar weight is atleast 7, 008R);
g/mole, at least 8,000 g/nole, at |east 10,000 g/ nofe,
atf east 12,030)9/n0|%, Bt at Q east’15, 000 g/ fdl e. [The

R AT DI ecul™ar ™ ] ™Y
ﬁgg!i}kﬁ ali on ChxE S |
pugd ty of thergcopol yneri g &
usi ng techni ques known in the art such as additionad
preci pitation steps or Soxhlet extraction. Layers i$RrY,

an el ectronic device that contain the acene-thi ophene

copol ymgr of Fornula | often are prepared from

sol vent - based conpositions. That is, at |east sone of

t he Dasrentiitpiepb esapenideloy mermsuleilaFornmul a | are

soluble in a solvent. Suitable solvents for

di ssol ution of the copolgy S Eprrmula | include, but

are not limted to, aromati ol vents such as tol uene,

benzene, and xyl ene; ethers/such as tetrahydrofuran

and di oxane; ketones such s n®t hyl isobutyl ketone

and met hyl ethyl ketone; chlﬁginated sol vents such as

chl orof orm di chl oronet hane, ¢chl or obenzene, and
cardbEpepirod 6N besreinatddikeMBs cSisPodding edphaeX astepaimd. That is, the

hept ane; and am des such_as_ N, N-di net hyl f or mam de and
corfespapding fiaonhess Febbreicagied yéfdd emilagng pgrnt seghmgs N-

brorﬁ&luyahﬁndm@ e egﬂﬂﬁlle}/yg(;m&ﬁfﬁd%? Formula Ila with R1 and R2

equal to alkyl groups can be prepared by reacting a 3,4-dihalothiophene with two moles of

a Grignard reagent containing the desired alkyl groups followed by a bromination reaction.
This method is further described in the article by Vidal et al., Chem. Eur. J., 6, 1663-1673
(2000).
Dihalothieno[3,2-b]thiophenes of Formula Il1a
R1

Br/

|S
Br
s Y

R2
116
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di ssolved in a solvent to provide a solution that

contains at |east 0.05 weight percent copol yner based
woeoorhzi2eei ght of the sol ution. Sone copol ynmer BCIHS®0H066622

solubility of at |east 0.05 weight percent, at |east

0.1 weight percent, at l|east 0.2 weight percent, at

| east 0.5 weight percent, at least 1 weight percent,
carpbe prspared by Reqrahetiqnee fdbp eorresponding thl@%g@&tﬂm@émeénﬁome
ol S e tBL SMAmBRIAR LR ARE HBIMENAR. Bl UK. 36
dlmbﬁﬂrléﬂu[mprtﬁwhmphemmis)amtabmﬁom Syatven OHG K decl G ethdng and

ovi de, ' h
2 ST eeia g oRIer b et eh gt Alich SUdh aukds 31
Ot§é1”tlf11@ﬁ(ﬁ3 ofp ﬁnéﬁﬁ%ﬁ@sr &tn%e% ntth@s@ecﬁéércfe@&ﬁ)eefm ﬁféoal‘i'tli‘&é by Zhang et

layer in an el'ectroni c dévice. The coating can
al. ,alkfpd:noemlaqsleﬁgﬂaﬁ&%}ﬁii156(6064)app| i catl on techni que such

e SRR b BEAT o 18

printing, and transfer prirg The sol vent can be
removed fromthe coati B} cation by
evapor ati ng under ambi ent ions (e.g., at about
20 0C to about 25 0C) or Ry drykpg at an el evated
tenperature such as a tenperature up to about 80 OC,
up to about 100 OC, up to abeui 120 0C, up to about
150 0C, or up to about 200 OC. In sone exenplary
carhq hr@ﬂasre@by Praspaptionyofdhe edreesperrhing thiengi % é-b Jthipphemash -
v 9, & fl 0
dmaél’ﬁéﬁehéf 0[% %lthgorp!ﬂ ae 18 gﬂ@%e{él% éva%glbl%cf%or%géflfra %Ss?rrJaothIéson
MaRg, W0 08Il NgAa Otlesr subgtiontt @ ihidnod, Bﬂb@thﬁipﬁé\@stcbn B@b&lp@red using
copol ymer of Fornula I adjacent to the first |ayer.

an wéegqqs deastig fo Hhipt drsepbadit lﬁ dhegrtigle GviCamed of- &l. P(@%rélélé%{? y:
ayer [ he acene-t hi ophene
Hegeg%\%\@%grhg?gt)gf ?gnwﬁggﬂeggop the surface of another
| ay iikeswigdh ddslokethylcahicdiloggthidph et cayomipoutitheo fomohutt Va e
| ayer, or the substrate. TheSconductive | ayer can
i nclude, for exanple, amg kectrode and a drain
el ectrode, an anode, or a c@athode. As used herein, the
terrrs " di sposed", "di sposi O"deposi ted",
"depositing", and "adj acenH not preclude the
presence of anot her | ayer ers between the
nmentioned layers. As usedRhereid, these terns nean
that a first layer is positiypped near a second |ayer.
The first layer often contacts the second |ayer but a
cart b pnépduagt by bm"mﬂnaiy@r of the wrdesbenchmg tthiyenedlobehiopemes.hEhe

first an . second |
correspondlng ct ylene 10 ﬁlopﬁenes can gg prepared, for example, by

transesterificative cyclocondensation of commercially available 3,4-dimethoxythiophenes
with geminal diols such as 2,3-butanediol, 1,2-propanediol, and the like in the presence of
an acid catalyst such as p-toluenesulfonic acid. The resulting 3,4-disubstituted thiophene
can then be dibrominated at the 2 and 5 positions with N-bromosuccinimide or other
suitable brominating agents. This method is further described in the article by Nielson et
al, Macromolecules, 38, 10379 (2005).

The copolymers of Formula I typically have a weight average molecular weight of

at least 5,000 g/mole. In some embodiments, the weight average molecular weight is at
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The acene-t hi ophene copol yners of Fornmula | can
function as seni conductor materials within sone
we@b@ectzasé ¢ devices. That is, the el ectroni c JdRVI/U800EM6622
be a sem conductor device that contains a
sem conductor | ayer that includes the acenethi ophene
mer of Formula | . Sem conductor devices have
leagg Q\;

OG04 iy A0 Y | 00K ke i FrapySi molc, o
at %gst 38 %6 %%8 qzli %}gh‘f g%edr%%é\g% %?dcl:%lls \9| ﬁhf&g%e\@!e{e%m%ﬁ %smg Gel

Pmm&mhbﬁ(mnﬁangapEystors (of which there are many

t | di d.thin-fjl
(T ahtesveiF ¢ P P Ranely RS médiedfitn 1 ipEted wing techniques
kn&bﬁ Eﬂ@h%taﬂ ﬁeh B a[hdjltwh‘af 1?}1%&?1tatﬁdne§t§; %frfS%Qﬁlefjéx%@t?on

Schot t ky di odes, conduct or devi ces
can Lapob uden docrtmmedﬁvgcesthaircoataut tlilara,sm@ttbmher@rqoaylsynt@f of

Fogﬂ@nigitﬁlg%%rpgeqaﬁgf égf}léaﬁam t or Q}ﬁpnf%gt?q%ggl g 1S, attleast sSome of

theIRBME MSHACHhOEobBMh&E Sf PJ)I%QJI&? Iiélrelsﬁﬁﬂblédiﬁ adbl@We Kfitable solvents
circuits that performan electronic function. Exanples

forgfissphigion 0§thea>§bsolamer ﬂf Byt e binglude.diut gra neg ligdied to, aromatic
sol'vQﬁ‘c Ltlc rass ’t%pé 2 3nd ]xyf[eﬂé encheegs Sich'aS 1 612 F%droﬁgan and dioxane;

oﬁs 0 €se Ssenmn con

ketaﬁels s’iﬂ’ch ayﬁlethycisubhﬁyr el dndenetRyicyhyi detwhe f dhtatnaaa solvents such
devices (RFIDs), smart cards, displ.ay backpl anes,
as ghlpodpran, dFFé‘iLRSPW@éW chlorobsagenenand digldorobgraengiralkangs such as

cy?gﬁgx‘éﬁ@%ﬁe%ange ﬂdcaﬁﬁldg%s%cﬂ QW cﬂlﬁl@ﬂh?lg)ljnlla%lde in(% l-

ransi stors as shown schematically 1n’Figures
mefinypygrolielond. axe nsddrhetehe, thatarmusolithiei nidahsmhe rcaplﬂymboc&n be

.sho in Figures 1. to can .i ncl ude I ti | ayers of
dlsﬁﬂt\\f’é‘? ing solv motmgvldeaﬁgﬁurlag» that e%alpﬁgﬁ 8;9% tgercent

copB L] BsePbn {Hélvl;élﬁh%f R QRS Sogéecoﬁgf?ﬁf&s‘%@g aQb1uBity of at
organic thin-filmtransistor 100 is shown

leas‘rdhéimfmgthapetryentmt%agw & vZ@lghTmrcemtgatriﬁztst O Biweightipercent, at least
i nclu Iectr

{
BT o o6 R g o s e S PG af1e8it3 Reight

pe@bﬁcbﬂr Ad@isdFweihs PHEER HRIRIUN RERe t oﬁth@ keluflo! ect rode
24, and a sem conductor |ayer 20 t is in contact

wi t Fopwokitiphsthgioeangan me@@@m%@me@m@pwb@@@aﬂ @ solvent can be

Y e L

surSaidls0éh & toatsuefe: & sdtb@tﬁatél of toCDdUirACE of itk &éyﬂr 1n an electronic
el ectrode 24) and are positioned, adjacent to
deyjre| Bea qaaging g3rebe mhe@aflﬁg @%S@@hk&@ph%@pﬁw@l@z suglyps, for

J‘Ji@l ds%@elarrkotglln% P%S(%ﬁ?n}%%l Slﬁc aﬁn% g{fﬁ%“tgg‘erf\%%t glrr]e{vlﬂ?e coating, inkjet
printing, and transfer printing. The solvent can be removed from the coating after
application by evaporating under ambient conditions (¢.g., at about 20 °C to about 25 °C)
or by drying at an elevated temperature such as a temperature up to about 80 °C, up to
about 100 °C, up to about 120 °C, up to about 150 °C, or up to about 200 °C.

In some exemplary methods of preparing an electronic device, the method involves
providing a first layer selected from a dielectric layer, a conductive layer, or a substrate
and disposing a layer containing the acene-thiophene copolymer of Formula I adjacent to

the first layer. No specific order of preparing or providing is necessary; however, the layer
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of the sem conductor |ayer is positioned between the
source el ectrode and the drain el ectrode. The portion
w@Roorhze28€m conduct or | ayer that is positi onedPGBEUSBOTI066622
the source electrode and the drain electrode is
referred to as the channel 2 1. The channel is
adj acent to the gate dielectric |layer 16. Sone
confaininedhel aeangrihigalignecerolapsr Brefspiranend athe segace of another
. . t i i a .
oy SR T B B o AT 3 Bl & (B LlHfra DR ot
layeacanhieclude Ifoidednipihe, ikeuce giniredd dndre-drhinraldctrads,iaatanode, or a
05 exanpl e, the optional substrate 12 can be adj acent
calfiglt he gate el ectrode 14 as shown schematically in
Fi gWi&is&d hQkint i t%T‘d?sggsegr’, ‘AlpBGREE, “HDdsP&”, “depositing”, and
sem conduct or | ayer 20 as shown schematically in
“adfaqgpnt’ edo3ndt preciude tIFMFIEsB00 of aneha@TdEr 80Ryerabeiweeh tlbemantioned

optiponal ,surface treatnent .l r between the substrate
19" LR Blsn ot 0 DR By B TSt Bt o BB B spiond
layef. Bt RfsORDECoftchiconfabls Mhd Sc3BiRd BY@Tbult & tIERPMAer or layers could be

schematically in Figure 4. This organic thin-fil'm

positienesi betworen4bofifsh tyaens! the seeoad &yett rode 14, a gate

di e tri aver 1 i S n e t e, el [ O 4

a SaB ehnERinespab SRR G e o e R R0 B 5 LR G
matdithl ewidliiaisome leketromid e videsli a0 S the @t ctrbgic SR Mice omobics or

layer 20. In this enbodi nment, the sem conductor |ayer
serpigonduckudgiisn thap eonjaine a geralcardycter 1pvey diat T lugss thsgcne-

. 2 v rai.:
thiffeng B GmE ATIBHE 155 AR G Bl B SE bR esSoog, for
exaeparat @AM $enm aghicod fiemitondector Direicsg @rtalitbde dohrmodeley and

22 _does no ntact the dragin electrode 24). Both the
Sogy ave‘?@w@?%d eu lzdaﬁaestlﬂ@u@q— Gl detr ks o3 Wi i are
mah§ W RE! inW‘qu)&lﬁ e p SRELE QRAHER Y tHaR¥iStors YHdtdBRGuors, current

portion of the sem conductor |ayer is positioned

linhetsphenmishes, pen nunetiedse tidedtecadiddesh 8clart iy nlialeecind dlkelike.
The channel .2 1 is e portion of the sem conduct .

SeipainRic i<gs FiskFelgh AP BRI HoTubee IS P Gesistor.

diodds, 2BphcitbR, SinBéddce Lascltod CardidesiSBR thit ROLLRIAP ForBN@lcuits.
surface treatnent |ayers can be included in the

Semegenéwrierdsvines disg caeinchde aagengd crcuidnthgpidrions) anglgotigais

tr-eat I ' het. .
oL IRl Y SallE ) PELMIEE REINTRRNGL O e,
shieptgional, asdilpgic dicaits amppHcdtivb uflgdsd sentibhdac@adévdces and arrays
thin-filmtransistaors. For exaﬁﬁqesbr t he opti gnal

incdydedpdig fcquency dengidicationcdsvicse € st qgidsedisplay bpgpdanes,
serljsérs?ﬁleﬁllai)}y‘@evices, and the like.

Some of the semiconductor devices are organic thin-film transistors as shown

schematically in Figures 1 to 6. Any given layer in the various thin film transistors shown
in Figures 1 to 6 can include multiple layers of materials. Further, any layer can include a
single material or multiple materials.

One embodiment of an organic thin-film transistor 100 is shown schematically in
Figure 1. The organic thin-film transistor (OTFT) 100 includes a gate electrode 14, a gate
dielectric layer 16 disposed on the gate electrode 14, a source electrode 22, a drain

electrode 24, and a semiconductor layer 20 that is in contact with both the source electrode
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schematically in Figure 5 for the OIFT 500 or in
contact with the sem conductor |ayer 20as shown
wa@ehenaescal |y in Figure 6 for the OTFT 600. AEIUSDO7/066622
can include an optional surface treatnent |ayer
betvveen the substrate 12 and the sem conductor |ayer
In operation of the sem conductor device

22 @@@1 theqlipigtelesades Frbwhhe spurgeglipctiodg 22 gndthe\dspin glpstredmZhere
sep%gzﬁé(} ﬁgrn Qctt Bﬁgggg!,?h egoﬁf:cte e‘?é%‘?roaef‘ %2 HOMEYE Lon ng%t ee%gfn electrode

: rren passe
24)samirare pﬁﬂl'@@ieﬁ@ﬂjﬂcﬁﬁ tol ﬁie&hslecmb tagelé. sBaﬂhstbe sqptd fﬂébttode 22 and

traode 14. Tha unl ess volt [
the apu if‘&trpg & éreg}atc%nté%f&lg}%eée@won@wgng}ﬁ%y £ 20 Ssich thapa portion
ofih%%eﬁ%&&%%%? &Yt%ne&%efw%%ﬁ'tﬁ@sohfbeael&%a& R kMR

state. Upon ap tion of voltage to the gate
cleetredst rdaepottdqn drfhhe sdnainoreduc@r layise hehmspositindertchdtwecrathd source

el P 85 S S Bt Pl 3 SHRGRPREES pgecom

to Bbl8R BSBRAE IS ct N SIhd séi'ﬁh%bﬁlﬁwf@ﬁ@%@@ﬂhrvb RE opti®fll kitace
and/ or use. Optionally, the substrate can provide an

tregtimsot lay erdictwemdhé gate il cottielagimAT, anlddhe mn@idelctor heeyer 20.

backsi de of, t ubst,rat e
Con?acqp 10{}%1 épﬁﬁr eh%antbe 1pel u&& llell;‘%lflea (])r§amﬁ ?li1ln gilrn tBantmstors For
exm,]sle | thebp@shat Qubsirixerigaan ée g&uasesleso the gaRdletridté e4 hadi®wn
nmeric materials, filled meric materials (e.g

scl?@ﬂ@élpalkygmrﬁl@rré edonde e %0%& CaRtsy ther@ﬂw@duﬁtab@wer 20 as

shiB Rofy 026 R § 1M QPTG s UEPESET RN

opti@ral sur€dca dteamt myeﬂfﬂmt@eérahe ssbsahteal 2camd dcscamieonductor layer 20.
mat er |

a d@ﬂ)‘@a’% Fnpe A ﬁl)éﬁta ogtggnei‘%g%%g% tggﬁgtgr fsosggvrx]fg Isc Celnya%cally n
F@?@@I UGhis\be dgmé MR Im GanGst60A0Y HaLiA %ﬂ@El%QtﬁrodesiUl' hahle

hetal s an | oys i nclude, but are not [imted ,
diekdctmd layen 1 6chsposedion thggats, el@jtﬂovleﬂ aws’seukednduptat lagdi 2mand a

o B AL 0 LS AT A DAL B LSBT 20 1

th1£ ABYdinfeht, theCR onahiéteRal &e10B9 hetwd s AR g'fh'fé/ dieRBEHAAY¥ Q6 and
yners include, but are not limted t pol yani |'i ne,

ol
bof;bdh«;/ s dediindeda @ilé)‘d}ﬁt ctrammmfr@yist Bl ”)Vklcs $cyar@mféectr0de 22 and the
draii; legt &{eeﬁ’ arg r?ﬁ%%té/c%&lh% gh otilFr @%n?heogogr% € eg%r{){%@%% d&épnot

ransi stors, ane ma erira rovi

coadtehedant detdt anytB&A tl&m@utd%eblédﬁféﬂé D2 ahdithetdrain ectrode 24
the substrate. For exanple, doped silicon can function

are4g cppfes W%th@ai?@lcép@éﬁtmé deves ﬁ‘éPha@attaHé)r@%@ﬁ thg pemicqpductor layer
is &%{tﬁm@l GG WO el Bu® %Fec?gégegﬂidrfﬁg il SelRIFEEhR¥hannel 21 is the

oating a substrate sur
pOI‘thIl of the semiconductor layer that is positioned between the source electrode 22 and

the drain electrode 24. One or more optional surface treatment layers can be included in
the semiconductor device. For example, an optional surface treatment layer can be
included between the gate dielectric layer 16 and the semiconductor layer 20.

An optional substrate can be included in the organic thin-film transistors. For
example, the optional substrate 12 can be in contact with the gate electrode 14 as shown

schematically in Figure 5 for the OTFT 500 or in contact with the semiconductor layer 20
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with a dispersion that contains conductive materials

such as nanoparticles that are conductive or polyneric
woredoen2eBes that are conductive. Conductive PCT/US2007/066622

nanoparticles include, but are not limted to, ITO

nanoparticles, ATO nanoparticles, silver

nanoparticles, gold nanoparticles, or carbon

as phower whematicpHy gy Btgélff‘d¢ Erdle PITE T|68) e OTHY 6 eindpdudsprppptional
Su %L% tl%gﬂl?enl?:l ;r&t 58@?619(1’16 Sg I%teglazt Eﬁlddthg %e%" g{)ﬂ(fixﬁ{o?)f %ﬁ

ectric i nsul at es gate el ec
bal &mogeradon dfabdl semidenductr déiseé configataions o viroin ngl.&es 1to6,
ate di electrlc i ncl ud fqr _ex l e, I no nic
volipes| cap OF peplirg;te thegral %&P@ﬁ%‘? i mezéﬁtre%tﬂ?%sa el mogharge (i.c.,
cul‘?éntf"ls@‘aggéﬂ 'ﬂ@iﬂe%ﬂuﬂc@ %fe@ﬁ’&de i@tﬁll&@tv%hg%eeik afb ra 1&148 tlpee%aﬁ‘e

sin l'ayer or multiple layers of itab |e ectr
elen‘m@r I4a] Bhat Bauhlcsasodtagé 13 appkédiglthe gate nhbt@deayb the channel 21 in

di el.ect | ud
the U ST GG SIS i RPRS P RHeEy Seioc ng ppfiation of

voltd}eltde: 'ﬂe apétisRaly, surchagr] 21 Ba&lofRRtohditale Qﬂcﬁaﬁi%%dﬂows
bet ween %ate dielectric | ayer 16 and at | east

thrpegh the ﬁh@met efromgha panrexeteddd @étt@ thel dagiarelezgode 24
di S%O; %gtre?g tlz%ﬁ Elgﬁ)o%‘s‘ HlSt(Bﬁ'F (c]i %m%{ll?ftactugg% teﬁ?mgsand/or use.

por I'C Séentcon

Optich4t), mrmsstratt@@nqnbwaa ah e&uﬁcalcmnéttcﬁﬁbfr&fetoﬁay €For example,
serves as_ an interface between the gate dielectric

thq bagkyidapidhe pebsirateicep RERYEoFeqtEgad coRacth disgiaid ﬁuttSHféte materials
1ncmg%1%%%$ (?[rlgmwae[o 1%@?%&%2{3%&2@%{3 ngc{meétzﬁﬁs &?c materials,

ayer C an e r as
ﬁlldda pcllynteﬁd maneridlﬁe gRditentreihforcdd, pb3an3Omblierifle Irﬂeﬁals ghper,

or a r|c terial as described in
WOP%I% 8&%0%5{5?% PihofP .%a?%tscﬁ 1 %z)wfomgntakep thegeof.

et ghe kat@ré%clﬁ]o& 18 %ﬁﬁ&luh@on@@%@nquﬁtﬂ &el &cﬁﬁdu@ﬁvearhatltnal For

The source el ectrode 22 and drain el'ectrode 24 can
cxangplal the gatk lebgpdnenahtlide € dopdusndon noaserchl.ct mvel mataliby,

co i EERRITEET J6 SOTYRaFE UERBFLSTHT PR RPE: fgpg, but are
noslith#&T o, Aubk@lnm, HRSHRI FoldD Silved Mickl,3Hal Adibn, pRtihad] tdMalum,
al uminum calcium titanium indiumtin oxide (17O,

titaiyrripgism timoxise dd O)HT@yinedmtaxaderly Q) nansixnagey doRTOHN oxide

(Aﬁ"pﬂ, qltlene gl%(ay gl?er en%(}amgf&wé%fdﬁlce:tﬁvee pS mers H%Cll)lde but are not

hnﬁﬁﬂy@, l}iolyaﬁﬂme Opd”l@(r} 4‘;éthﬁl@ﬁ&dldib@ft]ﬁl@bfjﬁﬂi%}/poly@k}}ré)MSsulfonate) or
t hereof , conbinations thereof, and nultiple |aye

polypwirelst In syheorsenic jhg dilmdraasisiors the smerpateinlican er%c%e both the
gaﬂé%?eci%&@ﬁﬂcﬁq@%&ﬁ%&@%ﬂ%ﬁa{onﬁkﬁé 4Bk Sat@NBoObNRPe, AbFed

appropri ate
silicon can function as both the gate electrode and as the substrate.

The gate electrode in some embodiments is formed by coating a substrate surface
with a dispersion that contains conductive materials such as nanoparticles that are
conductive or polymeric materials that are conductive. Conductive nanoparticles include,
but are not limited to, ITO nanoparticles, ATO nanoparticles, silver nanoparticles, gold
nanoparticles, or carbon nanotubes.

The gate diclectric layer 16 is disposed on the gate electrode 14. This gate

dielectric layer 16 electrically insulates the gate electrode 14 from the balance of the
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use with p-type sem conductor materials, as is known
in the art. The organic thin filmtransistors

we@enpi28é ed in Figures 1 to 3 can be prepar edP@HUS2007/066622
met hod that involves arranging nmultiple layers in the
follow ng order: a gate electrode; a gate dielectric
| ayer; a _|ayer havi n% a source electrode and a drain

OTd{Tedavicsd &se it maggrinl siop Hreagataudie legtiic dng i co fafexamplggaminorganic
dle§e%mccﬁ %%30 l}ﬁ%e%& dlé’fe&ﬁ?hﬁ‘r‘ehaw& Q_?EIQIBHM{IHI? th%géﬂ)rfc?he gate

el ectrode rain el ectrode € sem conduct or
didl@ym'ad canrtel aiiegde Biycacaneltiplei lmeaﬁmbleldyetmmofna’{e@ramu |[Each
Faor exanp eor anlcthlnfllmtr i stor

layghMSlgg:lﬁ @ﬁﬁ]ﬂ#tg%ﬂqr iglgety @a@rlgc pdgape Yenpr ?Cé]ac Wtenals
pr oy, gi 'ofg&nﬁ; AR fﬁn?ﬂrﬁﬁis’fd?g anlthclude Qﬁ’ Shiiddag sﬁfa&@'ﬁ%atment layer

dielectric layer 16 adjacent to the gate el ectrode 14,
dlspwdthemﬁenghfageﬁe dicbetral lepdrrioded 221casic mr@mmfrthe orgamc

serﬁljlgglp]& cgogﬁaxeﬁ Jaac g(gste gtezs%e:ég algeaszlgstgalﬁg ll? atcleas?X pOI‘thIl of the

orghh REN @Mt &6Elagé B an S8R ALBEinfch@MRaPRAL REFfaccAR@tment
orm ng a sem conductor |ayer 20 that is deposited on

layengereesus @b intbdeqerbstieccpahe pafe divdeciicliayiereaind ¢ha ssecauluctor layer
or gen[gleletﬂthtegﬁbsat‘ra n2d t% ls;)e&ﬁ V\g‘[}fﬂlc{ﬁ% ?aye? UGS %a% ]Erea?[%emz laygdzan be

rain e ec sem COI’]

a s€ifatRaibedrabivlie as descHBedind S PatentNo. @m 3t339 Bir @oflcy ct al.)
el ectrode 24, The partion of the sem conductor er
@003/0102471

or ¢ pakymesic mpderial andescriped M) Sr Bae A RpbisatiarRu blisef

h l.
A B R TN, B PRI S et a1y
i n Hhgusecclearde2mnd plaaie dlcbiroder B éai egnatals pdikilys,ahetallic

12; depositin ate el ectrode 14 an the substrate
Corfﬁourﬂiéﬁ&efiwtwg r%e@a%xédeaa PSR B C%duaay%@émm%s and
cof ¥Rt 8p Ay RLRC IRt el forsishplch Q&ldt @1@7@? Al kel k%ﬁfu@lﬂebalfﬂlm

I's positioned between t he su bsStrate 12 and the gate
platinemepdl kaidgin, spenindy; chosin tltmumg indisourncexidd €d0n) otierd2 tin

oxi@Rr Bobuilimefy 85 ok e a0 T RARST Abe bl Bt hdust-ar o
ethﬁe@@dlakﬁﬁloﬁahe{@@a@bstﬁteﬂ@gulfo@ae) fRlyinNBe aotﬁemo@lamawgtpa[ymers

ayer 20 adjacent to the source electrode 22, the
all@brSathﬁeeﬁ eempigdisorpghergefy am%wheolekaeers shereafe Saperef thesc materials

are ag)#] 033?‘121? f Bgeoxgﬁfh &%yl%gk% éh tglr @O%hg@ta58 %ﬁlegs re Igﬁropnate for

ayer he source

us@%&ﬁbﬁ?p@se&ﬂcc&fdﬂcﬁohﬁlatﬁrﬁlsmaﬁis&@bi%/ﬁd@tlélhrt The portion
of the sem conductor layer that_is EOSI tioned in the
ar ed hp etggithinpfdmsigysistore peern disd 18 Figuresel @ragan be preparcd by a

meﬁlo%QBﬁtqg@olg@surﬁﬁgin@ multiple layers in the following order: a gate electrode; a
gate diclectric layer; a layer having a source electrode and a drain electrode that are
separated from each other; and a semiconductor layer in contact with both the source
electrode and the drain electrode. The semiconductor layer includes an acene-thiophene
copolymer of Formula I.

For example, the organic thin film transistor shown schematically in Figure 1 can
be prepared by providing a gate electrode 14; depositing a gate dielectric layer 16 adjacent
to the gate electrode 14; positioning a source electrode 22 and a drain electrode 24

adjacent to the gate dielectric layer 16 such that the source electrode 22 and the drain
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channel . The organic thin filmtransistor shown

schematically in Figure 3 can be prepared by providing
wa@2@ahsesat e 12; forming a sem conduct or | ayerPQUDUS2007/066622

adj acent to the substrate 12; positioning a source

el ectrode 22 and a drain electrode 24 adjacent to the

sem conduct or éer 20 0§P05|te the substrate 12 such
clegtiede F4uc §%ﬁ§1rft£%d PEIcael gdien and fornungp seraicardyciydayep 40 that is

de@sﬁ\eé &P AL 1%6 e[e%%&ea? oﬁtﬂtﬂee&ramdqucqr%'d% hi ganza ?‘ffﬁe area 21 between

electric a er acent to the source e
theXdprdehéecdbdd ’L?Q edcite rd@de cRétrodartdt. al' eoetnic@ndodtot ]Iager 20 contacts

o3 AR A S B 60 SKFTodd BoRTTPRg! Jegameonductor
lay%{ ﬁl%{ is %‘aﬁtl@ée@ﬂl tRC&HRA b@tgzeglli‘ ﬁleg;%{n%e gle%{rggé zfﬂdcthé i el@@crode

e source el ectrode drain el ectrod
dcﬁﬁm@amamﬁﬂ t he sen1conductor Iayer 20 A portlon of

t he enlcon | aye osi,ti oned, bet
oo BE SR it SRR R SRR b0 R GRS 2 o o grepared
by ?%ﬁdllﬁg a@ﬁbsttﬂﬁ&: Be Hbg@ﬁﬂigcel &Hte tiapesdedafdnngs sehsehR rltheposumg
he organic thin fi transi stors shown schematically

a gty dr¢lg¢jrle§ay4r i adacsantoghe gaté @ﬂc@ddéb% Slché]tl?’fﬁé@ gdaelectrode 14 1s
p051P edvbe Weenrtﬁen gfbrs]g%tmigtalng e at?é/ glalséciirlc l% e? 1%1 p051 IOHIT% a source

eles&mex:mwmt dl’éun| ddttiode 0N hajabdn g thi %a&cz&aecttlh Ila@t@h eMsuch that the
copol ymer of Fornula I; and a | ayer having a source
twe pleeirdsa areasaatated fram cashetharopnsd formingrescausoRAustarlay ¢17H

adjgg%ﬁ tc{)ﬁg %51}rgi¥\ﬁl%étféé%t§r22§1 %%?%gti&é 24 alnaerf{he%)& Cﬁ%e%ween the

source electro
somomdeetrd@kemzrmdtﬂsc drainstiedtde 2t r &at Heﬁmtcoﬂldaycmr lg@n20eontacts both

osi ti b n the |eI ric.la and. t
H{C@&ff‘& %ffﬁ fhe dragn 3@5@? e rPOBTéOUp%f:tL? ﬁ%l@an(ﬁwtor layer

tha@fy RERIdhed B thB8r A BEEvEh R é’ogijc% e‘Pé’ctt%gJ: ALk dYaQn Efé@trode defines a
ayer Contalnlng t he source el ectrode and the drain

chaingkt r ode. For exanple, the organlc thin film
e 4 ca

t t h Ei b
b o b Bty BRI Ao wn Sl £ tefE g saR be agpparcd

by prddifg disgbRGtd 12 fhrd)Rg a dmiROh @RI ayfcd 20 Agja8@H: & the substrate 12;
el ectrode 14; forning a seni conduct or | ayer 20

pogitipriag AsoYree @lﬁ@tr@(&?él aide dseinrolestipag &4 adigeqnf toethe serpigonductor
laygfa%(? o]géo% t ﬁl ‘?#Qf AP Lﬂtﬁ tfl?ﬁ tl?eossolu% ol e%ecgrogg P%S&]d]%g} electrodes 24

€ Sem con

areagegarp@alﬂdnoéuclhg)ﬂaerﬁ&npbganghg@terd@aectﬁa lagreﬂlléaadj i@hnto the source
el ectrode 24 adjacent to the sem conductor | ayer

20,
clegtradesdyy ltl@éirélp&i’qcﬁr@g%2@2mg sdortan @fthe semiconducting layer 20 between

the source electrode 22 and the drain electrode 24; and depositing a gate electrode 14
adjacent to the gate dielectric layer 16. Both the source electrode 22 and the drain
electrode 24 contact the semiconductor layer 20. A portion of the semiconductor layer is
positioned between the source electrode 22 and the drain electrode 24. This portion of the
semiconductor layer defines a channel.

The organic thin film transistors shown schematically in Figures 4 to 6 can be
prepared by a method that involves arranging multiple layers in the following order: a gate
electrode; a gate diclectric layer; a semiconductor layer containing the acene-thiophene

copolymer of Formula I; and a layer having a source electrode and a drain electrode that
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el ectrode 24 are separated from each other and both

el ectrodes are in contact with the sem conductor |ayer
wWQ@eo7/A24286 t i on of the sem conductor |ayer is pRPSI/UBNBO66622

bet ween the source and drain el ectrodes. The organic

thin filmtransi stor shown schematically in Figure 5

can be prepared by providing a substrate 12,

arcghspyygied ifingn eacgathereveueingbeseraiconsiusios fyet go1ttasds both the drain
eleﬁ%&?et a[nzattﬁef‘ g(gl’l‘ edqué%tso'd'é' so%eg @oc&&@lt@ c ﬁcé tﬂ%@ﬁlgeét?lgyer can be

acent to gate electro
poﬁhmﬁdrhed@eehéthe: gate d&ﬂdcmlrﬂaylerkmtimmgermbmldsulbs tayat. eA $@bstrate can
andthed%ate dielectric | 6; formng

be pasitiadRracet 1 Mragatoeled &éﬁ jagent fythe dﬁa}teé coftinigthe gource
elek@a{@ganaﬁhe ansh Aesidd.oni ng a source el ectrode 22 and a

drain el ectrode 24 adjacent to the sem conductor |ayer
20. Fohexasme, tlec @igewt tlod il 2raasidtot kieovdr sthemetiedly no Hegue4 can

are s arat from eac r ,and. .both el trod
be PlePag RS o Uit s Qestrols gt dPRriingy 2t fataRt B el [Fadjacent
to Of ghRQIGBTHE PRAYEIRE al s@dEIondctbSlap@siot dd?lfé@ﬁ’t B e, dlelectrlc
the source el ectrodé 22 and the drain el ectrode

layphid Gicgdhe gate Hickectrid layarrlaris petienedhgiwrees dhegrie ﬁl@atlrcbq@ 14 and
theI sgmllzc'o%ﬂucsm(%nlg cr 2%? Rl '? ﬁgﬁg %¥ sg%r %ctr C?azazséé?izalt c%gltneelectrode

’sou ce e

24 @Hﬁ@éﬂt etxd&le%émaﬁnmmay@ 20hahs Wbsce alcetredecd? dnldahe dfam
source electrode 22 and the drain electrode 24 are

cleglod 2t e senagrtcb Hem sehather agh bath aleatr%@ma@dﬁ@eeﬁaefrwﬂh the
se i%XI?({uc?qQ 1(118{%?50 C g@ﬁﬁ an%f t@g sgiﬁf%ﬁcﬁlc%rq%; getw%gn the

rain e ode epositing a r|c
Sodraq/ﬂi'[ddlﬁln&ﬂ@(ﬁil@dm to the sem conduct or Iayer opp05| te

the ource eh rode 22 and the drai trog 24;

and T 866%‘1"1{“ Ly ansisEqr SR YR gehempti }yalé‘ AgULE g cppLe prepared

by 98Edifle @lsﬁ&ttrra{eclj ﬁé(ﬁd'sm"n% AP R quad{alagnt to the substrate 12,
Sem conductor | ayer I's positioned between the

deppitmge witediclcots 122r dﬁ ddjah@ltahf thicrgatsl dedtrodd é4 BuchTﬂhet the gate

clef T4 1 RGP R R iyt IOLTY R LS A B R L6

forflBNg & SmicOnMeto Mayleh 20 GQRESINY FRthe |g§tem?§béth@ [hg/@r 1) aﬁd posmomng
| ayer between a first el ectrode .g., anode) and

a sgued AlgclErdectZ wder qrainglectiode Rd a@)icenmeﬁhp Isquycomh@ctﬁrrlmr @0. The
smg‘gv%l%&? dte%l alﬂg% ﬁ)rld}n %50%0@8&4 alrerq ggatetdcﬁon? egc%rgtﬁeir and both

pnho OVO al C ce S anhd organi ctrolum nes
cled@ydS @ge BUohtadswih g&meﬁuddnghétoﬁm&ﬁzm A goidasf tHr gaidodductor

layBog B9 STaRsEwRRe sourcd dectiods 3 and the draih slocirode 24.

The organic thin film transistor shown schematically in Figure 6 can be prepared
by providing a substrate 12; positioning a source electrode 22 and a drain electrode 24
adjacent to the substrate such that the source electrode 22 and the drain electrode 24 are
separated from each other; forming a semiconductor layer 20 that contacts the source
electrode 22 and the drain electrode 24; and depositing a gate diclectric layer 16 adjacent
to the semiconductor layer opposite the source electrode 22 and the drain electrode 24; and
depositing a gate clectrode 14 adjacent to the gate dielectric layer 16. A portion of the

semiconductor layer 20 is positioned between the source electrode 22 and the drain

electrode 24.
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common conponents such as an anode, a cathode, and a

mat eri al positioned between the anode and cat hode.
woMe 24286 t he operational concepts of these tweCT/URpm87/066622

of devices are reversed. In an organic

el ectrol um nescent device, light is emtted as the

result of charge transport between the two el ectrodes.

An dibea¢qagrihiog ‘?Iﬁ’tqoﬁ%(@@éﬁ oftFosmplarlegan dF aised s @éhan sxnca gt
ele@tr{)r%v Wt squﬁ] Q§ élgarcfnll %Iﬁ? Bt QRQ&) oy}ﬁerq%{;@gnﬁ(ﬂeﬁ ina

uce gecond rode havin i gh™ wor
layetibgttvie@na ﬁrst eleptrdbdt’e(e@l@dede) ahd atsbendrefenibde ng. scsaithmle)
05|t|oned n the two. e] ectrodes

ExEPBELY OO O Ted et pHeaie e menic Bhotoviaic cel
anc@@&‘éﬁl %‘f‘écﬁol&nﬁn@sc@tﬁ%@%@é LRhGs 8 ahrc lfgtﬁ%lﬂﬁtlﬁé §33eort

between the two el ectrodes resul from the exposure
of ﬂngamczpholevdlagpeaells ond nyamc erwohnmn&seeﬂtaiﬁem@s mhludh many

i S 05|t|on t ween t rodes ds rbs
COMALY 085@9%%[1 ﬁ&é A0 Bp]%(im # cr«lltﬁ (i ndg I‘a@geé‘@? éoneg between the
anéeSARhIheAe. OHo WL &R the @?éﬁﬁoﬁaﬂ‘ @oﬁc@f)ﬂ'%tf kRRe Bfo Pt dRites are
(i.e., an excited el ectron-hol e pair) that is
revstigde Huamerggnidicksteluatieescenitdevige lehestanuticdsrdthe resplt @f charge
[ at pRSi O
gt B PhPG e bR AR AR el ROhRNER 4 ART brogihaving
a l&widrk Aghclbmdeas, thaedthisii) aid ®hglans mitreducdiav e séoadetttrode
positioned between two el ectrodes (i.e., an anode and. .
haying ahHgegTk fypeion(hanthe aBpd s i theorgamigemissiva plepchapasitioned
bet%Je@ﬁ Fl{eoth}dr@l&%ggy 1ihedeefé/c'tr‘f)ﬁ ng Hgfe dn‘é}ﬁhéjgﬁﬁerﬁrt hgﬁt.a%onversely,
one light emtting |layer t néludes. an
in £pleadvataundadile sicepgd tramspert i baﬂweeﬁ]tﬂteuwol cdgyotrod eCiabul gl feom e
resent. in the organic ssive el enent .such. as hol e
exjgs mo&sm aqtiyg d4ysr s 551% agtpvg %&rwhlpwenomtwaﬁ%geween two
elebf%&%t éd@@rbls FYR{ tha@ﬂa@gers rtlﬁﬂu%ﬁ‘bl?ec(;ﬂ RO cledYS&des. MR Sbsorption of light
l ocki ng layér, electron bfocking Iayer, buffer |ayer,
cal&nsithle Hernhdtioe of hn exitieh Giconan emmti@ﬂasptmmélsqur) pheat eSrSuhiiequently
res i n th [ emttin Ia er.or. o
aish S i 7 B pargaai hel b i SR S Eledhfe,
0 CRpMREE éle&tt’tﬂuﬁﬁle@é’em@(OELE&HVl&%ﬁJh%@ obg/an‘idqﬁght emitting diodes
el ectrol um nescent material to another color. These
inchle aptorganisemissivaglsmentprsitinged bptajesn sum clsetredss §i.q.can anode and

a c%t{h%?{?e Qhe ogé]a% ic %Eﬁﬁgg gl%%lgﬂﬂ q% aBro?ga%rlé lgcctr@‘ﬂgm% dpg:?it/ !ieo\rlce] usually

indhaee bsleaa l@n@ dghtsedltting |aghitien éhodudde sh ERGtroluminescent material.
current/vol tage response, a desired device efficjiency,
Other desstsy @ a9 t@rpre%?n B<he erapicicgHssheselemeii quehhes a hole transport

1af§§é@lg&hﬁ%ﬁ%¥vgﬁla§g éYnl'Qe el%l eUt?('iI{ ﬁggrh I@l)cé:@tf]&lﬂgﬁfecg% %{y}}{ﬁ gBE'T)tlockmg

evi ce an or

laydr, etberon blokkipg dater,dnsfer Baeh agdtifeildiar dt additiom photdésniacscent

substrate 30,
materials can be present in the light emitting layer or other layers in the organic emissive
element, for example, to convert the color of light emitted by the electroluminescent
material to another color. These and other such layers and materials can be used to alter or
tune the electronic properties and behavior of the layered OEL device. For example, the
additional layers can be used to achieve a desired current/voltage response, a desired

device efficiency, a desired color, a desired brightness, and the like.
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an anode 32, a cathode 34, and a light emtting |ayer
36. The configurations of Figures 7C and 7D al so

w0 p@oies@ hol e transport | ayer 38 and the PCT/US2007/066622
configurations of Figures 7B and 7D i ncl ude an
el ectron transport |ayer 40. The | ayer or |ayers
posi ti oned bet ween the two el ectrodes conduct hol es

f r oMU HhtsdED dfustiplecxpples PF didicr e O@eh ¢rydfe (for example, an
or aﬁftﬂ%% 51){1?[ 1 % dfgﬁa c%%ﬁgﬁra{l% %%H Coftf? ﬁlclﬁa& epﬁlblst[?ate 30,
t I'ng or

emt ol e trans a er,
an anodei 3ab icathodh®t, @aod a 1\dht dmittirgnigydradpe I’Thetcbﬂﬁguratlons of Flgures 7C

- t.hi ophene copol y pr es. ent al one .or
and SS0AETIBIE Wl TORMSF RO agﬁ £ GRTIgRFREOBY gigtres 1B and 7D
inchileS Y& 1B8h %@3@0% layd?@02GH0 ?a}lep bPBKJ&’Q goﬁﬂ&%dyﬁmeénsﬁhe two

present in a light enmtting l"ayer. acene-t hi ophene
clecopdis ynrduct holeh Bomstbel ardderve elctroms ﬁwmbhmmthlaﬂ@ wspdetivelg. The

ce PP e a0 B eyt & iR B bhRd raiBlriworlaver ora

cofiBin@fibihcRof.aWimit ARARY crM @R thiphBhd ool yn@fimay be present
emtting |ayer. As used herein, the term "dopant

alone peinsconebivatieatveitll ether materipls. capabl e of bei ng eXC| ted
2%0? go ngrg Irntc %];ms%?v%re?é/m%ntts r%ﬁiaclgﬁg t[hlo ehig c?po p¥mer 18 ypresent ina

light @sietiig laybrarrha H&iﬁtthiopﬁé’netdbgﬁlyﬁﬁr & lgihﬁseﬂ afonent in ¢@slsination
t han 40 weig Fercent | ess than 20 wei ght percent,
witheng of Figye m@t%@ léghé eppitting fayee sorierampks. 50@ cgmlymers can

ﬁuﬁtﬁﬁﬁ QQL hgf}%?a%r?an _(#1 aﬁ‘é‘ﬁmf%%af‘%ﬁﬁﬂaﬁ )ﬁhlt Bmithfe 1 :yn an

ting layer ant 1s typical presen
anD lAmtuseJd hatin| éla?.etmﬁ“dbpmf’ gdffbrspe ammndsr;al (fha2 1sm'pgﬂdb of being

ercent, 0.5 I ercent, or, rcent based
ex§frdiHa W@éﬁs@ﬁp}(\g‘f& o fyaiehiet 5 SQnPREET Ryt The
dopies t&ﬁ%aﬁ’fﬁr@?entt i APRARE: ¢aR %merwél t%ﬁ@na%s'sl APk cight

emtting layer, it can De conbined wt
peﬂwm leﬁsatdlen Ramsight pbread, leﬁsntﬂlaleﬂ(@m@xt percctttamgessnhans fwerght

perpigapcll on, the SyeFelt o8 el AL B el g ey Sdn oY picatty

prdsétan Yh ambie HQE IR0, V Greight pdc&) r(bZ %Igh@ PercBRI @9fweight percent,
Exempl ary di am ne derivatives include, but are not

or || jweighe gietcent basad arbths (@:ighs phyasiehipl the NelNsingtting layer.
h
N, nvise S e B Ra R oRp et anehn 3 domtat e g apnjine

layBPBt) can®d@ombined with host materials such as, for example, a charge transfer
bi s(l -napht hyl)-N, N - bls(phen ) henzi di.ne ( NPB)
ma@z@ﬁpﬂaﬁr ¢haggs tawfea maﬁ%laé Erfieatd hede %Sfffad%ate%tsu% @ gygjpmine

deIlléfaWVE,eéjmtagflarﬂm% deftvat] e, | S NeHiRRRAhaT 0 Qi)xemplary diamine
derivatives include, but are not limited to, N,N'-bis(3-methylphenyl)-N,N'-
bis(phenyl)benzidine (TPD), N,N’-bis(2-naphthyl)-N,N’-bis(phenyl)benzidine (beta-
NPB), and N,N'-bis(1-naphthyl)-N,N'-bis(phenyl)benzidine (NPB). Exemplary
triarylamine derivative include, but are not limited to, 4,4',4"-Tris(N,N-
diphenylamino)triphenylamine (TDATA) and 4,4',4"-Tris(N-3-methylphenyl-N-
phenylamino)triphenylamine (MTDATA). Still other host materials include electron
transfer materials such as, for example, 9,10-di(2-naphthyl)anthracene (ADN) and
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tri phenyl am ne (TDATA) and
4,4 4" -Tri s(N- 3-net hyl phenyl - Nohenyl am no)

wo eoophzn2gd am ne ( MTDATA). Still other host mat BCT/HE207/066622
i nclude electron transfer materials such as, for
exanpl e, 9, 10-di (2- napht hyl ) ant hracene (ADN)
andoxadi azol e conpounds, such as

oxadiazolg %qr@%mdq $u0hﬁénl rebiplH @ty dipreengethyDphenyl)d dattosgdiazol-2-
el SRR PG D (et sy ppo gl dpyedioesle

4- O)éadlsatbérem the teraetholsrrefers totahﬁatblez[lrtha'l'thsosa:pab]ree)ff @massferring
to a material_that is ca abl e of tr ring ener
onqrgy & et 1o f9T 3P Sl &@eﬁ%téaat&wéﬁkgﬁ e Tt gterid i
tyﬂiéaglg esyftem Qﬁ%&no‘ﬁﬁ{ &iFdt ‘i’éasﬂ at léa)épﬁ EREott PrESENHE 1dalt @nwelght
ano | east at |east 50 wei ght percent, at
pelcesat lsm &stglrght peceendr,at éetasﬂ e tigBiOpanexing hase en(tlmvtvq:lght of
a%%.zt1%e?sht901ME|lht percent based on the wei ght of
maletas i QP BRt HENS GE emitting | ayer. Wen the i ght

em tWidighé BYRenGfiNgahts cnthRdS b hoBtRitbidd] 2884 depalAP@BExcited
the excited state of the host material is typically at

state ofithghleest éwéqrtgylsnémeatll}t Harhighve cexey ladl heathe e@ﬁltftdvéate of the
doﬁ_antQ gor I%ha? gt%ergx an LSk ?ag%];e%raaﬁ eo%le%):l(l(r: %tosc't d% 2(%:1 tg qu”&otp'é‘ﬁ?t %Sé excited

hodtyiterdd] |t9yp1@m|yte$n1{sl l@ht ob4 s@r&h%baéngmmhehkgéﬂmtb@ dopdnfeFor
exci ted dopant. For. exanple, host naterial that emts
exginple. hasgmeterakthat-capitsrtlne Bt cay trepsfer enspvite ardearntdhatiemits

gr&h of lfEdIQEgghh §eoh 4 had tma%}?al thalt Ot gﬁ{eﬁ ﬁlgﬁ‘! dca‘h'??a‘hsi%ﬂkﬁe‘?%y tot asdopant

green t can transter energ opant
that eldutls rgghlighib it mooto hdopandd;aaemlts biat lighi.ts bl ue |i ght

t he acene-t.hi ophene copol yner is sent
| i g hep e pesRg thlay%é?“e&f)p%ﬁma tjmsenféﬁqaﬁg%%v@ng}l ?f of an

orgameermlkgle@éleﬁ%tt Sﬂhelghgr%ﬁﬁﬂnag %a@@}m@&nme%&%t ihd Hne light
sane |ight emtting layer or-in different Iight

emgtiing 1dyagot la)deﬁfgﬁntgcglne emittjing lageist Somg ligaygngtnh@kagera have a small

bl BB S <5 Rl iy B e g S nonymer

(LEPJ @GR nRIRdul eEmePEshlilght crififd pdl )l YoEd, of dight &hfiking
light emtting polyners, or a co i nati on t hereof.

pofm@rSem ¢ cegbinpgen thﬁre@ﬁn Thecraitigd hight Bemdbe grgaric emdsstve clement
catl) @@1 glpl ﬁ)%rt%y%fgﬁg {7151%516 egt&%ﬁ dé#éﬁltdﬁge g%ﬁlﬁggltlon of the

he” conp ectro um nescent

ele@@ﬂlﬂﬁﬁmdst@ﬁ cbﬂﬁpdishﬁioﬂ inghé lighvichtiiting [hyy OF lagErs| ayers.
Suitable LEP materials are typically conjugated
pol yHEsble LEP reateridniciterindlyeionugsted gty mrisras obgppergpelecules

tha? Pf‘effér%ls %Bvé 'é&lsfﬁﬁlfsefgtr dfmxn %rfﬁ'ir%oﬁjbfoérﬁés fo? Eolﬁﬁ&yﬂo@@ssmg. As used

processft ng
herein, “conjugated polymers or oligomeric molecules” refer to polymers or oligomers

having a delocalized m-electron system along the polymer backbone. Such polymers or
oligomers are semiconducting and can support positive or negative charge carriers along
the polymeric or oligomeric chain.

Exemplary LEP materials include poly(phenylenevinylenes), poly(para-
phenylenes), polyfluorenes, other LEP materials now known or later developed, and co-
polymers or blends thereof. Suitable LEPs can also be doped with a small molecule

emitter, dispersed with fluorescent dyes or photoluminescent materials, blended with
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herein, "conjugated polynmers or oligoneric nol ecul es”

refer to polyners or oligoners having a del ocalized
w@2@razeson system al ong the pol yner backbone. PGUTk2007/066622

pol ymers or oligonmers are sem conducting and can

support positive or negative charge carriers along the

pol yneric or oligoneric chain. Exenplary LEP materials
activeqr QB- as‘@yeyl(nﬁ'ﬁ:@ﬁw (@p@\ﬁqulgh@gl)ve or non-active materials, and the like.
Exgﬁl}%g Bf" ﬁﬁgfé Ienglt%}l’alS éﬁfﬂ!hgf){ie% ed 1gtlﬁgft %P Angew. Chem.

er|a S now known or ater devel o and

IntpEJi.ya‘Er4$)29128hiI1@9ﬁ)$UtSW@atem‘No&‘nﬂzahBQ LE@&IEH@ 76?185&0)1be

5 407 ekt o R0oRTon S8 triaacih i BB ant O pacen

Ap?}igﬁg,gcpumlgaﬁgtmd/@9;%6519n active materials, di sper sed

active or non-active materials, and the i ke.
Ex aﬂu{E[Pesat@ﬁals it dbfoemtERtoralight @(hlﬁltms@'uﬁuurct If@rexample by

d K f t .
cas 1§§ a L‘PQ ee | a tl§ ﬁ%%p@ﬁélnaﬁglggvs\’%bs 3 afgfva@r%g t_}ﬂ% éélvent to

produé@8 p8t ilnerlé fﬁﬂo Aietiati9eSOPEB Phterful Qﬁmbeg?e?me@ P9 I substrate
6,132, 641; and 6,169, 163; and PCT Patent plication
by Feastipic af Propurey. spooeu(BEBble mehodrafdpinaing LERratses frgidgeatibed in

U.%.ap%a?ein?l\fol 9% @ t E)ltheﬁJ n}ettho%gt ? f%q%uﬁ%?e%lﬁgelﬁagp tl%glsercture from LEP

a So vent

masdtasd inaliude, DablaR\dp imat i Ry 14sBeths@hal @atterhhgPin@ by @ntng, screen
pol yneric Tilm Al ternativel LEP material  can be

prl%lagqélépmﬁl lagad prigng, rhaiedithogt X hif PatigHIRg. SArayigpinrtyision

CO% peci es. Suitable nmethods of formng LEP |ayers are
escribed in U S. Patent No. 5,408,109. Oher nethods
of Saitahla§Meclbectgiumarsdent mgtesihls lin:ctluxieeclfargm't’rdnﬁﬁbrting, charge

feri Is i.ncl ude, but .are not ted to, a er
blqrcrﬁ H’t“foé‘ndH?tH’@ OTER{NF &k Orﬁﬁﬁl%??t%c ceRpREH SRRy, SM

matté?{%'léﬁln HReaeu R UESdsREd ot fddh 9&[19&“0%0%%1@ 4YePin a device.
sprayi ng, and extrusion coating. Suitabl

In plagtater; olultmile bycemf Sivhmatdrialssare fypliaatle usfﬂhﬂogleoduce efficient organic

ortln char ge bl.ockin and s n1cond
clepfr RRE b DO artir et RORpa AL T gSRCR Pyvd Egh the desired
chdfpé 8hhpbl aﬁ@@le@@ol\ﬁﬁrﬁﬂ&ﬂétﬁ@%‘éﬂle@d or coated from
solution to formth | ayers in a device. In ractlce

mul ﬁXpmelana§M@at@ﬂalsm Mbss(%rmtwme@m)m rsed to
dlﬂ%rm?ﬁts'ecnemﬁﬁé Qﬁ%&d%&@%&a{% Jo%lda,‘ﬂu%%§Eﬁg%g%ggﬁ&nnonne)

eria enera oes no
aluintigurd QAlcrsg d Ogthv ISYE nfatcriaBRaE tilsalasiedah;efbtr edrbfit N@$L €hkn, et al.,

Ma%;gneglr Symp 125, 1 (1997); Japanese Laid Open Patent Application 2000-195673;
U.S. Patents Nos. 6,030,715; 6,150,043; and 6,242,115; and PCT Patent Applications
Publication Nos. WO 00/18851 (divalent lanthanide metal complexes), WO 00/70655
(cyclometallated iridium compounds and others), and WO 98/55561.

The anode 32 and cathode 34 are typically formed using conducting materials such
as metals, alloys, metallic compounds, conductive metal oxides, conductive ceramics,
conductive dispersions, and conductive polymers, including, for example, gold, silver,
nickel, chromium, barium, platinum, palladium, aluminum, calcium, titanium, indium tin

oxide (ITO), fluorine tin oxide (FTO), antimony tin oxide (ATO), indium zinc oxide
(IZ0), poly(3,4-ethylenedioxythiophene)/poly(styrene sulfonate), polyaniline, other
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Exenpl ary SM material s include
N, N - bi s(3-net hyl phenyl )-N, N - di phenyl benzi di ne (TPD)
warw7esd chel at e conpounds such as PCT/US2007/066622
tris(8-hydroxyqui noline) alumnum (Al g3). Oher SM
rraterials are disclosed in, for exanple, CH Chen, et
Macr onol . Sy 125, 1 1997) Japanese Laid Open
corpﬂaltcam polpErse a6t eefocangatmns thecofpardmpkiphdgyers thereof.

TRt SR8 00 AR AR AR s o

mdhaietmlﬂnpkééaymt. aff ormmmblexasanod\i\ﬁr @@étﬁ@ﬁéﬁay include a layer of

U%Bclo || at i ridi umconpound nd o hers andV\D
%’%% a %ﬁéog%faaea lgyerf galcion P Wgauelam gyer of

alufnﬁﬁﬁfﬁ dnd'g 'lzﬂ%r Spf‘t‘ﬂﬂﬁﬁ ﬂﬂSﬂ&@atoﬁﬁ 'nféltaﬁ la%}é? b c&fﬁﬁ@ﬂl% orgamc layer.

| oys, netallic conpounds, conductive metal oxid
c o ndutypicekanode éomi m;gmda@tolumlwsc&pedwlms indawrd-tin-oxide (ITO)

TS KRl TE AT G et S s ROEoIs A Fatea petude

foratx b [} Plas$ &lafdpdfBnt plabt@dRisHER ad i d18fids, Pol9¥the@ulfdnks)
fl E%FI ngB tin o>?|ude f()FTO) anti m)n%/ ti nﬁogl de ATO?
t

polyaaibomates, nelyesterdsugh @@olyethylene naphthalate (PEN), polyarylates, and

polgl%e}[lo it alﬁtlg?lglgryflllﬁn eﬂl(? ngtpd lg)eﬁ‘ﬂgrnf%)ﬂ{sp o l%/gs tthx ﬁ’%}s?lc Fllrn Conductor

I ne, er COI’]

avalabRyfBorh B&1 €f Paut,aviti) nakfaongcdtbe fignd, andiﬁkﬂed’(w pdlpﬂnﬁdes
Iayers thereof .. The anode 32 and the. cathode 34 can be

si ndhe anedranateris! copting ibe Pulptiretis plegirisally candugtivesnd may be
I F
optiCHfty s oP e S from 16 o FHARR T by ARG Bl gl
incyaledndiaml axyedy, flabricatic Dxnrh: aritop zimm[deofzamldumri ﬂxmt Z&llC-tln
| ayer  of al um nym.and lithiumfluo
oxigey Iy plgtigyay. p ﬁ%guanc%ﬁ Jeeh yer %amrbmﬁfﬁlﬁeﬁn({ gembinations
thdrdg?i cal anode for an organic el ectrol um nescent device
is indiumtin-oxide (ITO sputtered onto a transparent
sub&ptiahalys thetrnade pdnatst ¢optedrwith absfferSayar &abhgp provide a flat

i3 3 F2aion e sriyor ity g dofavg) pERBER M er wpicall
ha@@w&@emmb 65900 PRYesThE ru§ & UGhy Aﬁgé@l@hﬁeﬁ@iﬁ FV® Angstroms, up
ht hal at e ol yaryl ates, and ol ymeric

to Otfr\lll@FémSﬂilH 001 AT stroms .t 1BA0P |Pe¥gsiff@msmlp§g 4R0 Aqgptpams, or
up W Aﬁg{ %ré%lﬁ?%p Py%vc?f’tengﬁl 4 tlfu eg/* %?%a}%c 5;1 %%é%t}roms, at

ace -treate )

leadthie) An@U©nI¥RSELtil@lst ZHAhEAGnisher Ifsllhﬂkf R€er dad be vapor coated or
el.ectrically conductive and nay be optically
S0 PP%%‘{?éﬁdent or senmi-transparent. In addition to | TQ

sui kaPlige BRd9a il &) 15&%' Bgﬁnér Htim @-oxyethylencoxy
j% (d 03%1 g ; véﬁﬁ Um oxi de,

fluorine tin o C “OxI
thigpheae Y paly(styrene sulfonate), polyamhne emeraldine, or an acid doped polypyrrole.

Other suitable buffer layers include those described in U.S. Patent Application No.
2004/0004433A1, incorporated herein by reference, that include (a) a hole transport
material having triarylamine moicties and (b) an electron acceptor material. Suitable hole
transport material can be a small molecule or a polymeric material. Exemplary hole
transport material include, but are not limited to, 4,4’,4”-tris(N,N-
diphenylamino)triphenylamine (TDATA), 4,4”,4”-tris(N-3-methylphenyl-N-
phenylamino)triphenylamine (MTDAA), 4,4’ ,4-tris(carbozole-9-yl)triphenylamine
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oxi de, gold, platinum palladium other high work
function netals, and conbi nations thereof. Optionally,

W@ b@7ae28e can be coated with a buffer |ayer tBCHEE07/066622
provide a flat surface and to nodify the effective
wor k function of the anode. The buffer |ayer typically
has a thickness up to 5000 An%@trorrs up to. 4000

(TERGstand det AUpris-sohthyAnystheapamingtriphenydoningd =iy ks )-
Ex%ﬂlafapy éggrd%n%%%&?gra5e lsttﬁaﬁ:gg gﬁsﬂ&%%afﬁ%u?c?{er Lﬁgeégasrer include,

t'rons gstr
buodrt aot lagedtot mmkmsmiﬁédlaietﬁaeaSTCEQAngmﬂnm at

| east 10 Angstrons, or at | eas troms, .The
tetl@ayrfa@ﬂulinaéf@}eﬂ@gnteﬁécwaﬁt yiega @rwﬁ?%ﬁ i Pesthey bghenyl-6-

o) B ALy ARSI, G0kl Y ..

trils'tlrbiﬂlmramee) pol yani |l i ne eneral dine, or an aci d doped

pol rro O he |table bu fer i ncl ude .

P o Sbisaafiogimelnap sy AR el foel-iiel a° Rgmiiin barium,
caléRBd sHA04A3 3ndnesiuRt STRQ! Rb@kshel/divir BYoysefitii@NdRhium fluoride,

that incl ude (a) a hol e transprort mat eri'al havin

yttenbjuap.yang of n@lcmi/@ag@sswandlo(yb) an cetheds ¢8@rbeaﬂc&;@@ er or
multﬁ[_ga? aly%1|r5| of igsg oa'}eerlaatl]smPeor @8%{% ca%g er cI: 1ncclu{1]e a? Fay% ?f lithium

flubfiéd) 2Pyl ofrBlugimah, anmllwylﬁofblwerare not limted to,
4, 4' 4-tr|s(N I\Idlp enlamno triphenyl am ne (TDATA
4, 4Thg Q]lert;agepq_rg Wt?ﬁ%yé &fﬁﬂt Wyp gﬁh §fr0rn the anode'into the

de\?lgé anat Sl‘( %{)&ggl& Fée%é- \ h) ?‘ercl% bél}]a)} ion zone, 'J."ll&l})?)le transgort layer 38
cardfudtheddct s b Hhiden ﬁcnhhmprds}ag&-qﬁ kEntrb@ntonin) droidpB2nyi somaexamples,
(2- TNATA | ar ectron tr ort terials. that
theca&ﬁneotén ﬁ#ﬂsp BRI RETR }kfe Hsgsuinsths ﬁqqayawwﬁ?ﬁme n gffer Kamples.
theMoffe {119&5 bith ”able? g8 £sh inkRlE %Y é&%%é pYetel et 1S '&@H@at{v'gm as N,N'-
tetafl uor ot ét racynaoqui nodi et han, tetracyanoet hyl ene,

bis€hinstioieny DN ¥-bistpen iyt idisic) FRBMYN.NG -bis(2- naphthyl)-N N-

oisf b P R 5t WP o b Rpppregpaine

(Npas fwdeﬁaﬂym@x{m@@ermmmn& Ayinat n'oms(m\aI s s u c h as

al um nu ari um cal ci um samari um
DER e ONEORES e TOAT AL § G YE rb(N-Airasihs Iherl-dfn

phélrh'gﬁlélgg i e%&gahﬁtéé{ﬂﬂgﬂkgn} ?@"4JG 'tr&’@ PRIBESIMT Rl amine
(TPOTA), and l,3,5-tris(4-diphenylarmnophenyl)benzene (TDAPB).

The electron transport layer 40 facilitates the injection of electrons from the
cathode into the device and their migration towards the recombination zone. The electron
transport layer 40 can further act as a barrier for the passage of holes to the cathode 34. In
some examples, the electron transport layer 40 can be formed using the organometallic
compound such as tris(8-hydroxyquinolato) aluminum (Alq3) and biphenylato bis(8-
hydroxyquinolato)aluminum (BAlq). Other examples of electron transport materials
useful in electron transport layer 260 include 1,3-bis[5-(4-(1,1-dimethylethyl)phenyl)-
1,3,4-oxadiazol-2-yl]benzene; 2-(biphenyl-4-yl)-5-(4-(1,1-dimethylethyl)phenyl)-1,3,4-
oxadiazole; 9,10-di(2-naphthyl)anthracene (ADN); 2-(4-biphenyl)-5-(4-t-butylphenyl)-
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multiple |ayers of these materials. For exanple, the
cat hode can include a layer of lithiumfluoride, a

WO 2002124286 al umi num and a | ayer of silver. TheP¢DUS2007/066622
transport layer 38 facilitates the injection of holes
fromthe anode into the device and their mgration
towards the reconbi nati on zone. The hol e transport

1,3, 459 xadiaygles g 3f(¢nbimhenylxbt4-plenyl-pAtigreputyhepye 1 gab g ipgale
13& electrons to the anode 32. In sonme exanples, the

(TAZ),

cene-t hi ophene copol yner can be used in the hoIe

t r amspaiiycksagueh as,for etahgiic, addinipha hold inpctiod Rytsaostamig, for

exI a}¥ g:,;é)%? él%?%éﬂg%oilgg 1f ocrtop%)e(fEl P tLaﬁ'ocy%mdnle?g]uBc?) and zinc

ph@hﬁ)(:fasil"‘f?k, '%bé'cngglﬁ nﬁé&loﬁ"@e@do@fa&hﬁ% &%{ 9&@%621 :aﬂﬁl%.ll]l(elg- RRlal oxides or

alkgbet metdPBilts; kaid blocklng layers containing, for exarnple molecular oxadiazole

o R RN B R RS 6 618
(Pmafl 2,,94dnﬁeﬂhﬁ(4Nz quh&mrnyi (ﬁﬁheﬁh@ﬁthhﬂin@ fasm» @ﬂgﬁ%ﬁyl@m&\)
|s(N-3 nmet'hyl phenyl - Nphen

n
hyGroN stamg RSB VTBHA). ot 3 Chibipeny bk AP TS X A eepugylpheny])-
t A
1A LROSR AR TR e P contaping for vl NN
naHted§-NoR’ -bisghendl berdzadias (MIOBY, aci Ut 1 atrgNt(Bandthyl@hédyOPN-
of el ectrons fromthe cathode into the device and

phenydmingtgphany Bmipo Q4T B T ke oF e dikp ichaplso Re praent inrprganic
TI]E.JSR’%‘:GE ’tﬁﬁ% 8%bh Sﬂ@&ﬁmﬁgﬁ&?pmfafewaﬂecﬁn %ﬁ’ﬁeg%é@% ZPese lrallyers,

arrle or t e passage o es to the ca
forsaampkx anquinesrt thehelw@lof ¢ightoemitted bg dar dledt@henindf cotanatbeal to

anétﬁ%rsnc%gorﬁ ijagwelﬂt%%ge orrgt%{?lﬂl | ﬁ@?ﬁ%@ océg e élﬁejp to a?ter or tune the
ele@!r&h@ Bi/dp@ﬁfes Bhe ()@navw GF NS APORT W Mo Ak FAI 8 )aehleve one

her exanp es of electron transport mat erials useful
or mresfeemtes@nch rendpocd cimgrafvoReg: respeinsgl@ desired device efficiency, a

l., 3-bis[55(4-(¢],.]- th . o
derjted Flog B R Gr TE i éﬁgvzzﬁ? BEBHehgn 2 desyeg cambination of
thesé feafukesl- di net hyl et hyl ) phenyl ) - 1, 3, 4- oxadi azol e;

9, 10-di ( 2- napht hyl ) ant hr acene (

2" (Kigswph ewn)ansaltymmsmmnmm@@)y nhovoltpicserlndicd;is another

A

typ% Lele}gtro%lc deche Shat canh onta]m ’gle (aﬁet%e-tr %o_pga ey(folgﬁlgn yer)o_f F’Olil’l%a L.

Arr atcﬁiv@ka@blesz( fﬁ@a&uloﬁldﬁlﬁrtwbeamer #odeISh afd a chtbodes@nPheof the
additional hole injection |ayers contajning, for

eleggggciﬁgpén be,é}sbwfilaﬁ]aeetgm% qptigpa ngb%@,te For example, the
an ﬂaéaﬁ%\é%gklﬂgn %‘)gntat@% ab&fatP59. At R ?M%ﬂe BFthe electrodes is

ectron Injection yers contal ni ng, or exanp
traaslplafidnt oescnetteinsoxede $f the transparent or semi-transparent electrode is

adjacent to a substrate, the substrate is typically transparent or semi-transparent as well.
The substrate 50, anode 52, and cathode 56 can be the same as those described above for
an organic electroluminescent device. Either electrode or substrate can include multiple
layers of material. For example, an anode can include a first layer of ITO and a second
layer of a conductive polymer such as poly(3,4-cthylenedioxythiophene)-poly(styrene

sulfonate).
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al kal i ne netal salts; hole bl ocking |ayers containing,

for exanpl e, nol ecul ar oxadi azole and triazol e
walerritza28ves such as PCT/US2007/066622

2- (4- bi phenyl )-5-(4-t-butyl phenyl)- 1,3, 4-oxadi azol e

(PBD), 2,9-dinethyl-4,7-diphenyl-I, 10-phenanthraline

(BCP), blphenylato bIS(8 hydroxqu|nolato?alunlnum
( BAI 5: actgyie layer usually contains a semiconductor material. The acene-thlophene

I ts
A B PO AL AL e v
inchaiek dothi an@,lecftmn denarrphtemall‘dnw an lples(rbmaqeptoy.| ) such active layers,

ph di
the@cane-ﬁnorﬁw@% im&ﬁ#ﬁo%ﬁé% Eieﬁ&%@ﬁnoamar?&)al Exemplary
clebfrbP YA Ha RS a (NI For Kand Eﬁe fﬁlle@e%ﬂvﬂv%@ sﬁt% as [6,6]-

present in organi c em'ssive el enent
phatybiCol-buytrie scid metimdtester EREB M7 QE’C;BMssmglemalltdadw nanotubes

f t t. th f ,
SWAR stproghfb Cae Birrcfefif TGk PiuCeor 7ot Sesiddoner < -
dic‘g@ﬂlcﬂﬂl-p -phesgerRREnRE '(CISJL{EI*W oS o d-MBh&ty-al(3-chan
e used to alter or tune ectronlc properties and

hebé@?@i)rld} pb«fﬂﬂ\h@ﬂl@@@x@ﬁ@ﬂ QELPP&@VP@E(OXﬁdr“ plenyising;(1 ccgano-1,2-

t u
B B0 e LU R Pl ot 52 A gy ene
1,4epltasich€@ PCNERY)), 3 40eH)-p&tlichétc@idaitasslic alsd&ﬁmhﬁdazol (PTCBI),
device lifetime, or a desired conbi nati on of these

ang pely (2 &§1heptylpryer-ghawiasainydeanc) (HOtHRM r at es an
exerpl a5y &gghé’s‘éﬁb%sﬁﬂhg ifi@htion WLG dSnfHRQIRER {]Q\f@s% Phy the
electronl% vice a % ﬁ e

can contain the acene-
inveotood fprerthidf anFemablidgaddscriptAm aastdavadalll @yetwibdbtansling that

€S|t|? ggbetmee n. anode 52 and g@thode 56. e

ms StHE [CRO SR mB%ntH%nsB%té’éﬁseB@)’ BITENBAR R ChCless

]fﬁﬁ%&ﬁgdﬁyﬁgﬁ§ﬁg§&{ate For exanple, the anode 52 can
be positioned adjacent to a substrate 50. At |east one

of the electrodes is transparent or sem -transparent.

If the transparent or senj.-transparent electrode is
adj acent to a substrate, nhﬁ%m@&gstrate is typically

tr a@ép@ﬁ ts Wére pAFthadddansR a6 Ber A8 s¥licks anth@cd wWigbhiefusther
50, ano 52, and cat hode 56 can be the same as those

puﬂﬁ@émnb@bﬂaﬁﬁﬁﬁmf%@mém organi c el ectrol um nescent
d ' .
o e O ST TP S S s gpoos

ers o

Weten@litwlded &ofnl Al‘.fi Alegyy QWa@d HEIT M AndTalusecwasldikayelr frerh Na. Heavily
conductlve mer such as

Brtype il @Pﬁw ei09X prving piewa)tbesgially srgrpade (Silicon Valley
Mu%H)' fe@&@ﬁd@é hTé“)ew@r%tds&Ffé ﬁ_yfﬁt;atyssual ly contains a

sem conductor’ materr a acene-t hi ophene
Sodium carbonate, tetrakis(triphenylphosphine)palladium(0), tin (II) chloride,

bis(pinacollato)diboron, 2,5-dibromothiophene, and 2,5-dibromo3-hexylthiophene were
purchased from Aldrich (Milwaukee, WI); ALIQUAT 336 (a phase transfer catalyst), n-
butyl lithium, and

[1,1°-bis(diphenylphosphino)ferrocene]dichloropalladium complex with dichloromethane
were obtained from Alfa Aesar (Ward Hill, MA); and triisopropylsilylacetylene was
purchased from GFS Chemicals (Columbus, OH). Hexane and tetrahydrofuran (THF)
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15

copolynmer of Formula | can be in the active layer. In
many enbodi nents, the active |layer includes both an
we@b®etz4s6 donor material and an el ectron accepeCr/US1007/066622
such active layers, the acene-thi ophene copol yner
functions as an el ectron donor material . Exenplary
el ectron acceptor materials include, for exanp
werqdisaicdrycreadivag Thefolliawing arting neteriginuistg prepared using
| ester (PCBVM, [7Q PCBM
pu@FEE%gﬁm8¢ﬁgcar %Q%anotubes (SWNTs) , nanocrysta
CdSé @mbtanaﬁmrMulﬁmmqﬂ@ared from commercially available 2,6-
. pal ,5,2',5" -tetrahex x -7,8' -
diagyip a%prm(?n,e ( &x] sgﬂ,}é@)d b(yCI}@_ gp{/) Angew. Chem. Int. Ed.,
42 CMESQOI 189! 2’ } r@ﬁ&%b‘ﬁtﬁaﬂ@n ?tt\l?eysl RRKY ﬁﬂ(ﬁﬁkd by recrystallization from
4- phenyl vi y ene , poly(oxa-
IHﬂFA phenyl ene- ( 1- cyano- 1 2- V|nylene) (2- met hoxy-5

7 net hen ne .
1 2 By b heng oo, Forserimmygially aypilgble 3.4-
dlbl&n%[dﬂh@ﬁhe S A@@‘f)@@&kdr%e@'bz \hgnzk g daznl. FLFTCR,)1663-1673
and poly(2,5-di heptyl oxy-/?-phenyl ene V|nylene)

(2%¥K}F¢N0 The foregoi ng descri bes the i nvention in
d
t er 5% lg},‘]broe g%l,éi et %ég%?xﬁﬁ%@ﬂen%%v ?eapa]r V(ﬁﬁ(t)nolrcgmmermally

avaﬁlabw 3 Mﬂ@[@bm@xythaﬁ)hemmmnmayaf DeoetikhicmaGeansyphs described
t he invention, not presently foreseen may nonet hel ess

bY§éHWé%@ﬁ4 el Muisht & BRI (9Bxanpl es Al reagent s
[
g oﬁal?{b?&ﬂé %g6r [i%lgﬁrl?rﬁémiﬁ gr‘]beth essé:%tg%@%aﬁrgé B bronématlon of
3 @dl&ﬁ}éﬂl&h}b[i 2-bithiophasi dsarpeN{baiiysuaaidimide. 3,6- Dlnonylthleno[3 2-
11,3, isilaza wer e obt ai ne

bFoghFR 18 SR @E%Bdl anbmmotﬁwpﬁe%rl& WES bRt dedigscribed

by Zhefg Naul. h"@@b/érb%o@@l%&j 30; bYRee Siisl been, waf ers (100)

haV|ng 100 nmthermal 'y grown oxide (Silicon Valley

M ciTbepectison,odis-(4t.5 P-tweamethgle t3 Asdisxabotalat-&5/1)-9,10-bis-

Sodi um.c.

Ry ST AR Ry brsern ey plieraed thrpeine @ Respfigy Seheme 1, a
degefibed int@epdrhdtPERARSES 8hed di bor on,

2, 5-di br onot hi ophene, and 2, 5- di br om3- hexyl t hi ophene

were purchased from Al drich (M| waukee, W) ; ALI QUAT

336 (a phase transfer catalyst), nbutyl lithium and
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[1,1"-Dbis(di phenyl phosphi no)ferrocene]di chl oropal | adi u

m conpl ex wi th di chl oromet hane were obtained fromAlfa
woe®an2Q¥ard Hill, MA); and triisopropylsilyl arer/ybmnt066622

was purchased from GFS Chem cal s (Col unbus, OH)

Hexane and tetrahydrofuran (THF)were distilled over

sodium The followng starting materials were prepared

usi ng publ i shed procedBeadionsdchgmedys:

2, 6-di br onpbant hr aqui none was prepared from

connercially avai | abl e 2, 6- di am noant hraqui oﬁh/

(Sigma Aldrich) as described by Ito et al., émﬁi

Chem Int. Ed., 42, 1159-1 162 (2003). After l

subllnatlwn |t was further purified by

N i@i Bn fromDWVF. ¢ 7 Br
4- dﬂhe¥y+ﬁhmpph§ﬁe—Mﬁs pr epapgé:Eigﬂzj/
codﬁer0|ally avai l abl e 3, 4- di b?ﬁhﬁf%loph%ne (Allfa
Aesar) as ®descri bed by Vidal et al., Chem Eur.||J., 6,
1663-1673 (2000). ;?_
2, 5-Di brono- 3, 4- et hyl enedi oxyt hi ophene was pr r
fromcomercially avail abl e 3, 4-et hyl enedi oxyt phene
(EDOT Bayer, Leverkusen, Gernmany) as descrlbed by
Sot zi et al., Chem WMater., 8, 882-889 (1996).
ono- 3, 6-di nonyl t hi eno[ 3, 2- b]thlophen
e by brom nation of
3 6- d nonyl t hi eno[ 3, 2- b]thlophene usi ng H
DSYCChNi M de. | teadi @Rl 3, 2- b]th
ed from (h{ﬂ hlephene |n A AN

~ —

ophen@

Br RosNg“as descri be et al., oJ .
Macr ofol ecul es, 37, 6306 6315 (2004). eP précurso
2 6- bills- (4 4,5,5-tetranmethyl -1, 3, 2-di rolan|2 yl) -

gp_ I [(tr||sopropyIS|IyI)ethynyI]anthra E
sized according to Reaction Schene 1, ;g-&-éé

desc ed in Preparatory Exanples 1 and 2. Reac

Schene 1 Preparatory Exanple 1 - Synthesis of

2, 6-di brono-9, 10- bis[(triisopropylsilyl) ethynyl]

ant hracene Triisaopropyl silylacetyl ene (12.32

Prepaypiorydexamnle b e dxneictis 262 hrdibipgtog). é%“&@é(t@lﬁ@@ppﬂswlgr
cufhffpagBhancct o n ovem driedround oot om {lask
nmoTyiiseasopgtidgkicety epev Be3ugddrS tmpl ranidrdog &exane (140 mL) were
added under a dry nitrogen blanket to an oven-dried round bottom flask (1 L). Butyl
lithium (2.7 M in hexane, 14.5 mL, 39.2 mmol) was added dropwise under dry nitrogen
through a syringe to the mixture. The mixture was stirred at room temperature for 2 hours.
To this colorless solution, dry THF (300 mL) and 2,6-dibromoanthraquinone (5.49 g, 15.0
mmol) were added under dry nitrogen. The solution turned red immediately and the 2,6-
dibromoanthraquininone dissolved in minutes. The mixture was stirred at room
temperature overnight and the solution became dark red. Deionized (DI) water (6.0 mL)
was added, the color changed to light red, and a white precipitate appeared. Tin (II)
chloride (8.088 g, 42.6 mmol) in HCI (18 mL, 10%) aqueous solution was then added. The

mixture was heated to 60 °C for 2 hours and then cooled to room temperature. The solvent

was removed by rotary evaporation. DI water (100 mL) was added to the mixture which
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through a syringe to the mxture. The m xture was
stirred at roomtenperature for 2 hours. To this

W@ loont4es8s sol ution, dry THF (300 nL) and PCT/US2007/066622
2, 6-di br onpant hr aqui none (5.49 g, 15.0 mml) were
added under dry nitrogen. The solution turned red
innediateli and the 2, 6- di bronoant hraqui ni none

wagtheasiiragied withihgganed T00rmd. i ke lle devns sehutipp aes arashagionith DI

oo TG Y0 0 01650 W DSRREF <oy

(siiel guil / bdrangert =t (017) lAgblttight gdllovanolid(8:1 ¢.e/1¢gdd eRA%) Wwad @btained as

pear g r'd (8. o 42. 6 ), i
LA PRI ) Nt oEl 6 i Bl ords L e 0 Fies 431
84@’(&%}F JV@§8|'H3£t’F‘GI47 ?65@(&?2?105 %@H’ifﬁ andghhenso és 36H),

['ed to room't enperature. | vent was rénove
12146(3@“1)evaporat| on. DI water (100 m.) was added to the
m xture whi chwas then extracted wi th hexane (100 nL Xx
3). The hexane sol ution was washed with DI water until

Pr@ithtcly Exainpe2 - 390686% bab 8chia 4 BYLicfrh@etnyh QlQQJﬁoﬁaborolan 2-
col unmm chromat ography (silica geI I hexane, Rf = 0.7).

YDA, B-bigHtrisarorsistisoletyng Barsbragencyi el d: 8299 was

oo 55755 RAALE g G iy B Rg, 7 finmmon

froﬂi‘PreﬂaratoBy Exdﬂlﬁﬁhe l?bﬁ&ﬂnaﬁoﬁﬁé)cﬁlﬁ’cﬁon 24"7 63)g,31 88 Bntdt), KO AT (2.940
2.0 1 259 (s , 1.247 (s, Preparatory
g, @(gﬁ(ﬁp@) and C‘é%;,lg E)QirgL pvere charge to a 25 ml flask under dry nitrogen. A

yelszﬁv? :s@l,uﬁ%rg_%glﬂsﬁs _ud&i K ANE ldb a'u% Tﬁé %??%adr%]{t \g{rﬂsa&;egassed to

triisopropy yny
rer@gve-telichy ofimey@ed G4 4 f-b[s(dlphensqmbqﬂyﬂl(ﬁfdrw@:M] tighiptdpaiadina (0.205

o) Bie gD RS b aiiB G, TS Uy LT dgrangs ¢ Reue was sied
at 12 Cgf(ﬁ) 39:1ay§ anpth'gﬁ@l)aled ﬁﬂ%o Péﬁl@l@e.m—‘)vamﬁﬁleﬁ Rafgsfwater

to a | ask under dry nitrogen. A yellow
(I(E)cthItXi branvlndtlhd sugpdpied TK@&olvmtswwmon@tiby fithery evaporation. The

solf RRANE Y i et P ESE R b R Fam e hEF e A et
redty st ZQr¢hh MBS adoRrs @dﬂginéémé%yﬁmw@fet SHRE8E (3Tiroeg 7y1e1d 55%)

solutlonturned oran he m xture was stirred

as the prestucs HéVMRaG‘}QO 7 (k@ nron 9880028 Aied. £1H;||J & 0 gz, J=
0. SXE%O@@%F%%O ﬁ!\i‘feﬂ jag gy ( 100G, 8“%&3( 738016‘?926‘JI deS'H"JVE &8 Hz, 1=

hes was renoved rotary pbrat
1.2The), $GR4 ¢k, ReHI),AUERWRS3GN | D7k, bH)coI urm
chromat ography (silica gel, CHCI3) and recrystallized
fromethyl acetate. Orange needle crystals were

obt aj gedif gbu%ﬂng rea¥li&l a8 to synthesize the acene-thiophene

copolymers of Preparatory Examples 3 to 7, as shown in Reaction Scheme 2.
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as the product. 1H NMR (400 MHz, CDd 3) d ppm

9.250-9.254 (dd, 2H, J = 0.8 Hz, J = 0.8 Hz),
wW@28792488603 (dd, 2H, J = 8.8 Hz, J = 0.8 Hz),PCT/US2007/066622

7.901-7.926 (dd, 2H, J = 8.8 Hz, J = 1.2 Hz), 1.384

(s, 24H), 1.288 (s, 36H), 1.279 (s, 6H). A Suzuki

coupling reaction was used to synthesize the

acene-t hi ophene copol yners of Preparatory Exanples 3
to 7, as shown in Reackhé’d?loﬁ“élﬁ@ﬁe% Reacti on Scheme 2
The Br - Q Br conpounds wer

2, 5-di brono- 3, 4- et hw/enedl oxyt hi ophené&y/( Prepar at ory
Exanpl e 3), 2, 5-diprexD- 3- hexylth| ophene ( Prepar at ory
Exanpl e 4), 2, 5-di brjpro- 3 di hexyl t hjjophene
(Preparatory Exa E';2 - di bronpt h oherl]g
(Preparatory anp an )
2, 5-di br ono- E%(\rdlno t hi eno[ 3, 2-1
( Pr epar at or y “BExanpl| €| 7) Preparatory Hkanple 3 -
Synt hesi s of pol y(}g—sq—<et hyl enedi oxy- 3-5~¢ hi ophene-

al -9, 10- X PN

bi s[(triisopropylsilyl)et hyn¥ 6- ant hracene) A 250
TheiBr-$Br @nmpomrgg kvarag,d Wemylenedloxythlophene (Preparatory

Exingleonor ooty AERhMG ?{%ﬁafa%o Espyrls 2 tibomyr4-
dllﬂeﬂy\lﬂﬁﬁlg&ﬁél GPIéﬂar%Zy Bxandpl@8),®Ubromothiophene (Preparatory Example
4- et hyl enedi oxyt hi ophene (0.600 g, 2.00
6). B R)>- dlbmﬂlq;ﬁﬁccanw ateélothﬂeﬁbw@he@dmpmry ExapplUaT
336 (0.241 g), distilled water (10 nlL), and tol uene

(100 nmL). The m xture was degassed three tinmes unde
Prmmwwwmwa Sgathcen R pelies.4-sthy lerediex oy f@ipphene- Zait-9,10-

blsg@ﬁ)é%‘rmﬁ%lwv\%?wdn ’dglgtggéaun ::rl g:rjlyugl(t())r oé2n0f2|50\g/]\£

Af t @ 230eghSehivgk flagk was ehargateyith D6-bis-k4, 45 S -wasmsthiyl-t 8-

dlqgﬁgt%relﬂﬁ;ﬂy-yﬁ@t o‘%a@ﬁrkwoar%y%gy{?g%wéﬁ ag?@g%nsi?ﬁf g. 2.0 mmol),
2,5 ﬁbfo%m[e !(3 ?ﬁﬂ?%%tg?a&yﬁh%ﬁ@ E(Pﬁ %‘ %dn%lﬁr%g\c (Se%déur? 6d%t>]dnat§ )(1 .060
g, Whe nankdkd%LmAB\&éG _((22,4 hgu dsitlllat matebyl (hnb)mlzlé nﬁm (100 mL).
tion was, stirred ano 4. .hours
TG iRy s PRt BetiRied bitfoesh uSheh SERsRE UISH] Bove
ox%/%ﬁ e ArRfeRNFhopERAEHalbditm{) (DL SE, (6@)‘_5@111561) Wadthen added
was then filtered to renove traces of solid

undarglay nitspgermAewt After dqg@smowaer@ tnoe, NeeaRix(8s dvamylrrwi tipder dry
nit%/)o;%gorf d ' fot #62111[9' R9-r nﬁ S50 c[?gg e%,aat ﬁ,e 1f81b GLess.
tetﬁmeltﬂyeil mroa@bdn@mh 2‘ Ql-921) - h@[t@trﬁsopﬁolfyqaﬁlygsﬂhydquallﬂa?chege (0.015

ap?r oximately 1009 was_obtai ned as
2) Was added ollowed 24 hours later by bromobenzene (0.5 mL). The solution was

stirred another 24 hours and cooled to room temperature. The toluene solution was
separated and washed with DI water (150 mL x 3). It was then filtered to remove traces of
solid impurity. The filtrate was added to MeOH (350 mL) with vigorously stirring. The
red precipitate was collected by filtration and was then washed with MeOH (via Soxhlet
extraction) for 24 hours. A red solid (1.39 g, yield: approximately 100%) was obtained as
the product. Mw = 11,000 g/mol. 'H NMR (400 MHz, CDCl). § ppm 8.91-9.30 (br, 2H),
8.49-8.91 (br, 2H), 7.75-8.31 (br, 2H), 4.19-4.71 (br, 4H), 1.12-1.15 (br, 42H).
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t he product. Mwv = 11,000 g/ nol. 1H NWVR (400 MHz,
CDA3) . d ppm8.91-9.30 (br, 2H), 8.49-8.91 (br, 2H),
W@ 2003481281 (br, 2H), 4.19-4.71 (br, 4H), 1.12-BCWBSI00T/066622
42H) . Preparatory Exanple 4 - Synthesis of
pol y( 3- hexyl -2, 5-t hi ophene- a/-9, 10-
bis[(triisopropylsilyl)ethynyl]-2, 6-anthracene) A 250
Preparatory Eiapple ésLSymH@méﬁﬁp@l@é-%ﬁxwh2,5-thlophene-alt-9,10-

. - hi s- - I, 3, 2-
blsﬁqt oi%go?}g?ﬂ ﬁ)e%)&ys]%éﬁgﬁt%}éﬁ)t riisopropylsilyl)ethynyl
] anTAhZi(bmhéSc(ﬂbnE Hﬁslgwgs?ck&@gdﬂirmﬂﬂ) 2,6-bis-(4,4,5,5-tetramethyl-1,3,2-
LR T IE TN O TR AL , D
2,5%@41%2%&&1%&&@@13% %,fz.éol&nm& sodM chtoH£a%1 .g;&@@, 10.0

mXture wa ssed three tines under
mmo R, rAIgETAE 33G (246 h), diskillpd wetet 6l e wed tolyger(100 mL). The

SR R AR B RS TR e
oxﬁ&?Tet@eﬁmﬁﬁihB@ylﬂﬁ%pﬂi%%aﬂédfﬁm(d) k.08 %! 6102 mtdsl) §hié hcRddded

under dry nitrogen at 90 OC for 48 hours. Additiona
ungerglrpngrogdn 0w, Sftcedegaspngdic momg tpme, the mixture was stirred under dry
. di gx n-,2-.yl ) - 9 - D] G r-0Ry| si hynyl
R L S M LT I
diokibdrd - 2-9l-911D - kst Ssopadps 11191 e tawey |antHrhcenb €0.at8 5t wadtadded and
of bronmobenzene (8Q nL (mcroliter)). The reaction
theppagtionevarasrsd forrlediogro ik iollongd 3l the addition of brgmepenzene (80

t x r . . . i e
L R A R S R I
terfipariterce @h¢ edrtelnomesdlutimesasafepaated dnd masitddtvith Dhevater (100 mL x
filtrate s .concentrated and added t OH (300 nL
i vis Frgdlivid 19 TERIWerFASES © A .llaauwe@h%/ﬁleré{eewwncgnmted
an® de8%6 REALY (ol hi pivitR\iRshsRstirtiRe rrheash s cWithfd WR@Nlected
(via Soxhl et extraction) for 24 hours. Ared solid
by fltr@ngnd ywastiekn 88 d wath NEOHi (medoablet trdrastionuot 24 Murs. A red

solfgotioe. JeTEfvo g Ot s (b braghe. My = 1. 409 Bymy, "AYMR (400

MIEi‘J)GD@I;ﬁ%‘p%HQ&SQJQf% (bt')lH),78.7§-“8.7878(@r,(llP2; 8.52*)&7473351)5,22‘1{7); $88-8.01
(br, IH, 2.82-3.03 (br, 2H), 1.69-1.84 (2%:, 2H)

(brg 11gB-717450 86 bhr, 1dBH)32-067 (brolGd 3.82-3.03Hpr. 2PHebhfdt8dr(pr, 2H),

1053?5%? %ﬁ)h@?y@@?’tﬁ)()phene- al -9,10-bis-

[(triisopropylsilyl)ethynyl]-2,6-anthracene) A 250 nL
Schl enk flask was charged with ] ]
Prepayagry Example S5 Syathesipet pely(3.4-dihsxyl-2,5-thiophene-alz-9,10-bis-

ARSI DYl 111 0111 ety

A 250 mL Schlenk flask was charged with 2,6-bis-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-9,10-bis[(triisopropylsilyl)ethynyl]anthracene (3.909 g, 5.04 mmol),
2,5-dibromo-3,4-dihexylthiophene (2.121 g, 5.17 mmol), sodium carbonate (2.65 g, 25.0
mmol), ALIQUAT 336 (1.0 g), distilled water (10 mL), and toluene (100 mL). The
mixture was degassed three times under nitrogen using a Schlenk line to remove oxygen.
Tetrakis(triphenylphosphine)palladium(0) (0.125 g, 0.10 mmol) was then added under a
dry nitrogen flow. After degassing one more time, the mixture was stirred under dry

nitrogen at 90 °C for 72 hours. It was then cooled to room temperature. The red toluene

37



10

15

20

25

30

2, 5-di br ono- 3, 4- di hexyl t hi ophene (2.121 g, 5.17 mol),

sodi um carbonate (2.65 g, 25.0 mmol ), ALI QUAT 336 (1.0
wW@2007d2486 | | ed water (10 nL), and tol uene (100PEA/YS200T1666622

m xture was degassed three tinmes under nitrogen using

a Schlenk line to renobve oxygen.

Tetraki s(tri phenyl phosphi ne) pal | adi un{0) (0. 125
SOlBtIQIOW%rﬁﬂpﬁfa\F@santdh’é%h%WéH Dirverer @S- nid-rbgen thmg“wered to

rerﬁ\; e[facgsegfas%ﬁhn& , %glt%lw &c{;lgd w MGWPF 3%% J\!VLIH g%orous

ry nltro en-a hour's.
stua:mgl ‘Bl ted pmnpnalteewpmcrcﬂtedﬁeé bym@atrmohntioizasem@swhshbd (smth MeOH

(vif SOy ElP BT RS  Eeo0ie(3 A by igh” ol ol obthined as the
prdd%feﬂJ Mk Y 361319 J/inb. ”ﬁtwmoélmﬂ disciVe %(@@@1 Rl (Wf ),

igorous stirring. The red precipitate was col | ected
8. 6k1y8 76 (btry 2), @17 1ahdl7 (hais2H h 8ro 8w h eut, 441, A .46e1068 (brri 4H), 1.09-1.40

Soxhl| et e ctjon) for 24 hours. Ared solid (3.53 g,
(bry?ﬁbﬁ'@gd(/gjaﬁsé@ot ai ned as the product. Mv = 36, 300
g/mol . 1H NVR (400 MHz, CDA3) . d ppm 8.81-8.90 (br,

2H), 8.61-8.76 (br, 2H), 7.71-7.87 (br, 2H), 2.68-3.05
PrenﬂratarM)Examm%l Seatheps of pely (2,3 toephendo/((Bt0- 54H) |

oot i iy Sl © - oy

bi s IW Sim?‘llﬁmaﬁﬁ mlﬂ()smLybv)aetlmygad Wit 2 &= lamir(]m Acerahmbthyl-1,3,2-
dloga@rg rglg-?(-)grl??? 1)- lgsﬁ(@{lqo?@@yﬂ-,sylyl)pthgnyj]anthracene (0.3888 g, 0.50 mmol),

?&18 ﬁ18hﬁ&1€30%g% §9® 58 Bngcg h.ba h&?&%&ﬁi’é ®'Jo¥le) SLOMIMbY),
AIZQU—AJT B3@¢oot 115 dehleﬂnléaed(\@at&rZ(B ), and ®lmemel (30 ndgdiThemixture was

b 50. QUAT 336 (0.1 18
de%%%edgr@feﬁmveé&n t*gﬁm%@él mm%&?&e%bmﬁé%e%% q(w en.The
Teﬂﬁ&(ﬁﬁ&eﬂ@?h&%ﬁ%ﬁ%ﬂa&ﬁﬁﬁ@ (()'OTE% 009 Em8i) WaQURA adaéd8nder dry

I'enk” I'i ne to renove oxy
nitfogen kivs Atfter Mgﬂgzng)hmsmhrertm)l@ ahd achtune(vods s(ioed mﬁdeg dry nitrogen

at G NefoT 38kt o o R FE o Fnelots il iR Wuenc Plupion s

sepaRded ardl Wadhicd KGN WhtePQ 50 @13) 48 whOtHeS filtetedWd $emove traces of
cooled to roomtenperature. The red tol uene sol ution

soligaisnpasite e dttrata avanad drsro e GH P 0Quar e with p8gorausly stgying. The
re(f I;reg}?%%tg %.?.ﬁf)lll%cttei%{b df;ﬂtérgl‘%ll\glg Errgd}é ast i O%%é%fg' v?%lg% ITB (Vla §%xhlet

extvacg@ﬁpm Ry hsﬁﬂsrAlrétgsoler(e 218%(,1 ywlce @II%)tvaisQ)bmd%hﬂleeﬁtb&ﬁbt Mw
was th

filtration and H&
~ 00 vl 2 N, (O 5,134 h e B AV PR S 15-580gbr. 21,
7_0)0Lﬁ5@(br951£}9, 0%51_9@ bq,l g{% as the product. Mw

Preparatory Example 7 - Synthesis of poly(3,6-dinonyl-2,5-thieno[3,2-b]thiophene-a/t-
9,10-bis[(triisopropylsilyl)ethynyl]-2,6-anthracene)

A 100 mL Schlenk flask was charged with 2,6-bis-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-9,10-bis[(triisopropylsilyl)ethynyl]anthracene (0.233 g, 0.30 mmol),
2,5-dibromo-3,6-dinonylthieno[3,2-b]thiophene (0.165 g, 0.30 mmol), sodium carbonate
(0.159 g, 1.5 mmol), ALIQUAT 336 (0.096 g), distilled water (1.5 mL), and toluene (30

mL). The mixture was degassed three times under dry nitrogen using a Schlenk line to
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= 8,500 g/nmol. 1H NWR (400 MHz, CDCI 3) . d ppm

8.10-9.00(br, 4H), 7.50-8.00 (br, 2H), 7.00-7.50 (br,
WQRH07/104288- 1. 96 (br, 42H). Preparatory Exanpl ePG@I/US2007/066622

Synt hesi s of

pol y(3, 6-di nonyl -2, 5-thi eno[ 3, 2-b] t hi ophene- a/ -

9,10-bis[(trijisopropylsilyl)ethynyl]-2, 6-anthracene) A
renl(é)@ qqqygg{; |egﬁlkis@q%§ge|%¥m§s%lﬁ%@@éédmm) (0.009 g) was then a)dded under

or SRR S SRR e S P PSSR
nitfogoh bt A Hhdbr@do hd88. [j,wdl.c86lcdmiopm temperature. The red toluene
o TR ol SIS (o
reritbe@RL 3%118913[1981%;{2%@ fitsikd WhEDneaEked and2ddtd to MEBH (200

toluene (30 nL m xture was degassed three tines
mlyrvdér vigorspusliytstiogen Ths radgpreciSedtt wak coliastedtbyrfdtratien and was then

weh A58 MFREE: R ER RIS g AR BfLI e viea 3500

wabbbincd a9 a&SirBduc@ w1 B 100 FRaolt FENMK {400eMWRSCBULY I &Fbm
under dry nitrogen at 90 OC for 45 hours. It was

8. 780 ethrt ) Sorhrd Enfhar At ur &0- e (bredH ). d158eh &7 ul 4H). 0n68-2.00
a d it I water (100 nL x 3).
(br‘;\?ﬁ%;lgﬁt-kgfr)ﬁ?rr ?@g}e' %{.}g&? @%@H ‘traces of solid
impurity. The filtrate was concentrated and added to
wi.th vigorously stirring. The red

MeOH (200 L), wi
Exgmpdesl; 10t =Thiad 11288188 by filtration and was then
’ bR ' xhl et extraction) for 24 h. A
= ik t%ed s(u‘,t’)kt?at ‘d: 38% was obtained as the
pr oQucbn vidiers wkss di@8sagiaatly clehht dNMRsdpt@iinvHor 3CHGh 3A fter drying

8,78-8.95 (br, 2H), 8.54-8.77 (br, 1), .
under By ngoech .ﬂ,Osztbe,ry Wt irgiped o n—a&«yeﬁecy.ﬁ@%%%%anﬂsﬂuene
solfllﬁ'!%% (0511 Q37D unded B nitRiIdh at RoBreRpfhtdrbfor MOfur@@[EP\LV%S they

- Thin FilimTransistors Preparation o
we@T 8nsedeaite CH U bslricd ueder dgy hitwgen.wafl stoscdmardey nitrogen before film
d ul ttr asoni cally cleaned in isopropanol for 30 m n.
DPTE™ drying under a dry nitrogen flow, they were
Prdpafiios @8 HMIDSArAtcaGhipgRex! tri chl orosi | ane tol uene
solution (0.1%v/v) under dry nitrogen at room )
t enpaicannyaserp giero trasnmicsally aloppeduarigeprenrag! {pspe nipnAler drying

ol L VL0 PRI M0 R L oo

unddvldsy hiteate ek wotstmpé@tire in a closed container for 20 hours. They were

stored in dry nitrogen before film deposition.

Fabrication of thin film transistors

Poly(3,4-cthylenedioxy-2,5-thiophene-alt-9,10-bis[ (triisopropylsilyl)ethynyl]-2,6-
anthracene) (Example 1), poly(3-hexyl-2,5-thiophene-alt-9,10-bis-
[(triisopropylsilyl)ethynyl]-2,6-anthracene) (Example 2), poly(3,4-dihexylthiophene-alz-
9,10-bis [(triisopropylsilyl)ethynyl]-2,6-anthracene) (Example 3) in heptane solutions
(approximately 0.4 wt %) and poly(2,5-thiophene-a/#-9,10-bis|(triisopropylsilyl)ethynyl]-
2,6-anthracene) (Example 4), poly(3,6-dinonyl-2,5-thieno[3,2-b]thiophene-alt-9,10-
bis[(triisopropylsilyl)ethynyl]-2,6-anthracene) (Example 5) in THF solutions

(approximately 0.8 wt %) were knife coated on silicon wafers, OTS-treated silicon wafers
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Silicon wafers were ultrasonically cleaned in

i sopropanol for 30 mn. After drying under a dry
woeaorogess f | ow, they were exposed to PCT/US2007/066622

1,1, 1, 3,3, 3-hexanet hyl di si |l azane vapor under dry

nitrogen at roomtenperature in a closed container for

20 hours. They were stored in dry nitrogen before film

or HYHASticpisA Silcam madas reRCEHN ckyhAFCE Hir-fNing r$§ldsﬁ0@FC§/ drain

BRI T RS B PUOPRADSE: St g g e
eve(pExanmlrﬁetﬂ.()d Apciiand-lbrextly ()2 307 miophenes aed a el@ynh6-widsh (/) of

triiso rongS|I [ )et hynyl ] -2, 6-ant hracene) (Exanple
MIGYNGES, UGiUAYXy | t hi ophene- a/ - 9,10-bis

Chﬁ&%fehk&%rd}w&a?ﬁé%HEMMQMJlJtm% 6-ant hracene) (Exanple

3) I n heptane solutions (approximtely 0.4 w % and
pol Jhin fBlnt trarppiten evera¢haracterized under ambient condltlons using a Hewlett

Pa?ké;cg B! Sgéucrtolrlfﬁ aPme(%glyAEa{lgléler )(ﬁtogéﬁnﬁth ézx}aqéﬁre“ﬁhorn?ﬁ ?e)tt
Pafl@kd C3rforaionopath AaEOS cw) ib @@[e@plag Bt hatorane (v a/frod 100 V to -40

bi s[(triisopropyl si hyn ant hraceng)
VO e L e ) a2 P2E). atrasg

f
perrm'Etgd %312 Ie{;/\(g’ cé[?o?%o%%%gﬁ’%tllolnclgg \ﬁ’gy %F“nrdi tl(}% g\ﬁrr/a%ho{(fa Volt%ge (V). A linear

fit Ecehp &LtV Vigdop.allfive € theadukre B OH/ M ratpob be SaMLRE/Ar ai n
el ectrodes (60 nn1th|ckk wer e tterned t hrough a
)

pol VAEExanRlg dwrohiShc-aidy edlﬁw rthiphgrsr&t-PdR- net hod.
bls@trgl?@]r?%ls%ﬁf%t}g@ﬁt% g?%lﬁ%?fgepgj V‘t:\ll{ee?sgﬁ%cgcfnguaﬂ% lgyé%%"i’ B&hin film

Haﬁhﬁomwhﬁhﬁ&amh&dcmﬂ)wH@ﬁDSMEMthﬂthMmﬁﬂaﬂkbshmgsnﬁbﬂmyWms

e R CE T A SR

| -
Sutﬁleeirv%@{{e?%l @ga@@r\%%gﬁ %ﬁeoﬁ%gao@é@ Ip@BiléAhgfﬂf@ 5-thiophene-alt

9, Meﬁﬁm@oprhpylg@tlkthmlyﬂa@@a@ﬂlga)celﬁer)oﬂm -Bd_I@lCVnduj:tlng taywr of the thin

th 0

fiangigO RES R SRl fid pt Brs A Phagiwattio, i b telmidbilicy

wa9f7 & T SIS Rith e SHIGIF lrattoyofar(nél Thevi MEes held swohi@ua V/decade
Alinear fit to the Id - Vg trace allowed the

resé@mwém Fowi Esamplea, boly( bHséhexsl-2 tthiophencrd-98Qanpl e 1,

o SRR 253 APl kg o
trafgocwadiidid dogtcdayey a ificdhwafch (1o thdakritdty. ahisd dHabfe Melsility was 2

kni fe coated ontgo a HVDS-treated silicon wafer. The
x 18R é;pgé\f STk pp pg/oﬁgylo of 10°. The V;and S were-11 V and 0.9 V/decade

respectively. For Example 4, poly(2,5-thiophene-a/#-9,10-bis[(triisopropylsilyl)ethynyl]-
2,6-anthracene), the semiconducting layer of the thin film transistor was knife coated onto
a HMDS-treated silicon wafer. The charge mobility was 2 x 10~ ¢cm?/Vs with an on/off
ratio of 10°. The V;and S were -8 V and 1.5 V/decade respectively. For Example 3,
poly(3,6-dinonyl-2,5-thieno[3,2-b]thiophene-a/t-9,10-bis[ (triisopropylsilyl)ethynyl]-2,6-
anthracene), the semiconducting layer of the thin film transistor was knife coated onto a
HMDS-treated silicon wafer. The charge mobility was 1 x 10 cm?/Vs with an on/off
ratio of 10>. The V;and S were -22 V and 1.4 V/decade respectively.
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8 x 10 6 cn2/Vs with an on/off ratio of 103. The
threshold voltage (M) was -16 V and the subthreshol d
WG b@epa2428) was 2.3 V/decade. For Exanple 2, PCT/US2007/066622
pol y( 3- hexyl - 2, 5-t hi ophene- a/ -
9,10-bis-[(triisopropylsilyl)ethynyl]-2,6-anthracene),
the sem conducting |ayer of the thin fi I m transi st or
Exgmples i foS T:Bh‘?té'dOlng 6l OrS-treated silicon wafer.

Faﬂ-tl?c%tlglélafgﬁ:n HRRPL% t%%olf@ceﬁl % 10 6 cn@/Vs with the
) nd S were -8 V and 1.4
V/ d@badehinedmatiotoreltyic cElhs w%ﬂhﬁhc&tteﬁ, as follows: ITO/glass substrates
.pol y(.3, 4-di | -2, 5-thi ophene-, a/ -9, 10- . :
wit asl)[é%ﬁames%@%d%w &4l w@@qu frorg Tzlmlﬁ#ra%ﬁéaes (fppbeim, CA)
and @/@}ectﬁf}gééﬁ{c'aﬂg cie@ﬂ{&irsueéesglbﬁy tihi h @oefﬁ doMtion2BSbRL] WX‘@? acetone

fe coated onto a silicon wafer (no treatment).
and: ﬂan g@pmpbndm tEhewdmn 2ubstra@s 5veBr@riddsing titrogam gm/sureafm
rati,o of nd 9 .V/deca
res ée%O(“]dU F&g poLBF“é)?%ﬁ%ﬁ %&%10%‘8?%/1{1“% %ﬁﬂ‘éﬂ’é’ mgme tOgether

onc Parl 8f o184 T dddSQRIRARY bs BbMtip£IN )S%Ydtion I was prepared by addlng
2, 6-ant hracene), the sem conducting |ayer of the thi

sorbitphiptlr hivsieht percenasolkion of pxBedetbyiendiaxyhioshenceat ed
pols\xl(stt%r%lgensuigﬁ?ag?)f(P %’lc BE‘??%O\%a | l'l‘he{’ytov@en Ora‘gé(n %P so?blgf%fas%

rati

Weaghd pdrcbnt\WagteicadiBe Rx%%lﬁ@fth‘é%blﬂtloﬁ-o rSolxtmyl eorbained 32 weight
pol y( 3, 6-di nanyl -2, 5-t hi eno| [}‘ﬂ}hl ophene-, a/
per_cgntmtg, §{7(\yq1glpt§@meaw rrgt;thylr% @iﬂﬁ? pqtnezOé weight percent

TERHIFORCEOR.6, atn'a%45\§ ?%?ééﬁ% {)n i %&Mélv&ﬂ%ﬁ%h'ﬂs 4 hfire of

transi stor was Kni
cthyldnk gbrolyatyerrol, Hnd cdtaaolg €l heolontudtipg \wabynier xodtth gsonidAWsas spin

AL ST I 50y AN .
sec%ﬁ% opgd &%lﬁnétfdnllﬁe Gab f)fecl%kﬁﬁg‘atﬁ)o by hﬁﬁﬁtes and curing at 165

photovoltaic cells Three thin filmphotovoltaic cells
°C\£mrlé halotdsgangwgeas. Tholdoatnsg thickatglvessipubsnatelyddOwanemeters.

ar s taneof 5.ohnls uare bt ai ned f.r.om Thin

Fi | EPEEVHRAS O AR 2cy parih (b Faelned LEarigpegpent of the
ele@ir@@ﬂ!&ﬂ)r%ékﬁfe@ﬁ&dc‘(& éjbly(ﬂ -h@x PIOBP-tISiephtnk -9, dgibani zed

wat er, acetone, t’hen i'sopropanol . The clean

[(trsllamgpmdﬁlésé)qﬂ@fned]& §-eathrarcae)niThe slgsiion denasseripendystor was first
dlsg&oeéjﬁlt%ﬁloqoge%zgﬂm?lt&%?ttfn%g Qb% 1@ro}{¥as F%efﬁ@%r a]%dgﬁ% added to

her

1. Gmgmq{eﬁr&nof)f the blébtr@tﬂ adcbptoS@émhbblﬁdhc{or\[\QS]-ph@@ﬁ-ﬂ%dbtbyric acid
adding sorbitol to 1.3 weig gJer cent solutjon of

meﬁml §tgr Q?C@M%ﬂe‘[ﬁ@ p]@gmrhqim é‘?ll@ ion. The mixed solution was then
magﬁétﬂaﬁ% Xﬁﬁé@ﬁ)‘t’l % d&)F E@QTEgéﬁiﬂe' ﬁan‘ﬁag @le solitfons were

oncentration o SOT ItO
prepared the same way as Example 6, except the electron donor semiconductor used was

different. The electron donor semiconductor used for Example 7 was poly(3,4-dihexyl-
2,5-thiophene-alt-9,10-bis[(triisopropylsilyl)ethynyl]-2,6-anthracene) and for Example 8
was poly(3,4-cthylenedioxy-2,5-thiophene-a/t-9,10-bis[(triisopropylsilyl)ethynyl]-2,6-
anthracene).

The well-mixed solution blends were then spin-coated on top of PEDOT/PSS
coated ITO/glass substrates at a spin speed of 800 revolutions per minute for 50 seconds.

The three samples were then baked on a hot plate at a temperature of 110 °C for 30
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wei ght percent based on the weight of the solution.
Solution Il contained 32 wei ght percent water, 3.7
wawedoghe42per cent N-net hyl - 2- pyrrol i di none, 0.3 RE&I/HRL007/066622
percent TERG TOL TWN-6, and 64 wei ght percent
(SOL-1J-G SI) solvent, which is a mxture of ethyl ene
glycol, glycerol, and ethanol. The conductin ol ymer
migyat infutregsin Ay Benmery. Hhpyed bufwthes halkipg abquovg bf(b‘if\é%m dep hours
] . at I-ons ' .
to ob T g RS AR R 4o oL PR APk Flithfing
thidis 06T dbont 2 5Smanutnersawas aginedy Bihalll Phd@nfpdes vikdye loaded in a
mnutes in nitrogen. The coati,. essS Was

vagis} SHRTTREE PP HaHERB B, viHod 5@%}%@1@6@ circular hole

arrd@. WdIQBmMWRS nRERRAES ParddVBEn SIARERIR B danBmMRirGRiere evaporated
percent of the el ectron donor sem conduct or

onfochy §@iviedayer t@fosmtZhind pmetve diaajcter @jré@abiaghode arrays.

triisopropylsilyl)ethynyl]-2,6-anthracene). The
Déé%¥%4éﬁé%ﬁ#¥i@§%ﬁ¥%%ﬁbuctor was first dissolved in

chl phelenz& encabirkhefits d ckdmaaatkiny HKERhIEY GluimSikF MBAE 197A
filter and then added to 1.6 wei ght percent of the

(Clevelend, 6Hacldegtabt sawed wond sk P00 overhead projector. The power density
ARz nvl - Coi - but yri ' ester (P LN
of tRa A PRAT Piccd R Lkt i R FEMWleaf” 05f PRt et was
expdied fraroNgibiaaéd dfabslii I eradrdndthedrdjewtonn®. detéSesist@ice between the
Exanple 7 and 8, the solutions were prepared the sane
anqgpandcathedappelitt mepwuspd torHekceuEchrole thorie occurred. A resistance

o B B 0 R A e B FOAF I RE g tham 30
me2a bhink invap nenesrad for Example 7, and greater than 20 mega ohms was measured for

Exéllgg.}’aljé?% ?\k’%&lg%{ﬁolég(g&%gg gllro?eicltgirll r?lf) ,ht Q };Lclt_oczlirge}l?génlggt? %oernﬁ}zample 6
4 2 ' - .oph
RGPS, & A8 00800 S s sbou T

uAdghhracene). The wel | -mixed sol ution blends were then
spi n-coated on top of PEDOI/ PSS coated | TO gl ass
substrates at a spin speed of 800 revol utions per
m nute for 50 seconds. The three sanples were then
baked on a hot plate at a tenperature of 110 OC for
30m nutes in nitrogen environnent, followed by further
baki ng at about 140 OC for 1.5 hours to form
m croscal e, interpenetrating donor-acceptor networks.
An average coating thickness of about 225 nanoneters
was obtained. Finally, the sanples were |oaded in a
vacuum chanber covered by a shadow mask with 2
mllimeter dianeter circular hole arrays. Calcium (20
nanoneters) and then al um num (80 nanoneters) were
evapor at ed
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onto the active layer to form2 millinmeter dianeter
circul ar cathode arrays. Device Performance
W@h@Erazees i stics Photocurrent neasurenents werBCTEHS07/066622
using a Keithley nmultinmeter nodel 197A (C evel and,
OH). The light source was a 3M 9200 over head
proj ector. The power density of the 3M 9200 projector
We gldinivas about 40 to 60 mWcnR. The photovoltaic cell
was exposed from a di stance of about 2 cmfromthe
projector |anp. The resistance between the anode and
1. cat Amddeon@aicf devit compsising dn hocmetk®phereecopbBinenof Formula |
shorting occurred. A resistange of greater than 1,000
mega ohns (106 ohns) was nedBured for Exanple 6,
greater than 30 nega ohns s nmeasured for Exanple 7,
and greater than 20 nega o was neasured for Exanple
8. When exposed to the p_%( c c%ﬂ_l anp, the
phot ocurrent density for n‘él 6 was about 8 mA/ cn®,
for Exanple 7 was 2 nNch| and for Exanple 8 was
about 70 mAcn2. W claim 1§ An el ectronic device
conpri sing an acene-t hi ophe Qacopol ynmer of Fornmula | |
wherein Ac is a radical of an’acene having 2 to 5
fused benzene rings, whereinjAc can be optionally
substituted with a substituent selected froman al kyl,
whgrdkoxy, t hi oaI kyl, aryl, aral kyl, halo, hal oal kyl,
?Kg:Agc)é glr K cal SF 221% % (98 Ihk'ym% 2ge§%n§/ed’bgﬁzrenc O%E'; Pg%r%rem Ac can be
oph}’r@lﬂz galbsnuﬁbdl(whth aédukﬂﬁﬁent atlkaey from&inﬂlkylhﬁk@l’y@ afiydlkyl, aryl,

aio het er oar al kyl , het er oal k# or hydroxyal @/I
ara@t}ilsh drlpalkahihydrosypkyk hetgioalkyh allieny, py cominatggns jhergof,

R N T e R

hetﬂfoabldydralkbxhlhet;erd%dlbﬁl ]kqlérpalﬂiylj vokydrbkydlkylhet er oal kyl ,
or Ike and n | i n e gr iter than or equal
aulydl TN 1

152 @tér%’é’tor 'aim 1, wherein Ac
| s sel ected from napht hal ene, s
R1 \ /
S / S S | S
| \ o O
_5\ /\7_ Ay / N
R1 R2 R2 R1 R2 R1 R2
1I 111 v A

R1 and R2 are each independently selected from hydrogen, alkyl, alkoxy,
thioalkyl, aryl, aralkyl, halo, haloalkyl, hydroxyalkyl, heteroalkyl, or alkenyl; and

n is an integer greater than or equal to 4.

2. The electronic device of claim 1, wherein Ac is selected from naphthalene,

anthracene, tetracene, or pentacene.
3. The electronic device of claim 1, wherein a divalent group of formula -Ac(E),-
where each E equal to a silylethynyl group of formula -C=C-Si(R"); is selected from 1,4-

bis(silylethynyl)naphthalene-2,6-diyl, 1,4-bis(silylethynyl)naphthalene-2,7-diyl, 9,10-
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ant hracene, tetracene, or pentacene. 3. The electronic
device of claiml1l, wherein a divalent group of fornula

WO 2Q(E)4286 wher e each E equal to a silyl et hynyl PGF/osm0n666622
formula -CC-Si (Ra)3 is selected from1, 4-
bi s(silyl ethynyl)napht hal ene- 2, 6- din
1,4-bis(sil Iethyny na hthalene 2, 7-

blSQSﬂyt?ﬂmny )§1i1 W@teh% ﬁyf?lyla ol ﬂTbaS&@lyéetorwlm acene-2 7-diyl, 2,6-

blS sﬂiygeﬂ@n? )ﬁh %W i 'dl i én b?sgﬁﬂ%ﬁyd& hhbacoRe- 6:10-diyl, 6,13-

blsESllZI}dnhﬁlﬁrS)pér)th@hb-)Zl;%ﬁﬂl)yhrﬁmhlS(eﬂﬁleﬂLynildeﬂut@cbne 8,103kyl, 2,9-
il ylethynyl)pentacene-2, 9-diyl .
blsgsﬂy%%ingk B e@?ﬁ;rﬁyaﬁlyfaeh§é5%%@15¥et&myanx7m%%eg@13-dlyl-
bi s(silyl ethynyl)pentacene-6, 13-diyl, or
2,10-bi s(silylethynyl)pentacene-6, 13-diyl. 4. The
4. el edhe eleccomedivec of claimad i rcintler divalcatrgrowh ofafoenula-Ac(E),- is

sel c?tgrc%I EPO 'I%ilgl?"sé yﬂﬁ@m&%%@aﬁ #Tgcd%ﬁ 9 E{)-;?;?g(silylethynyl)anthracene-

2,640 obb 36 Vid(vilyaéh aatéicageng, . 2, 6-diyl, or
Gf%sobls(sﬁﬁjﬁgsh¥ﬁ%ﬁ%pentgcene%§ 9-diyl. 5. The

el ectronic device of claim1l1, wherein the copol yner of
5. Elorec l?%},]elctroﬁc'e@&glé O¢ Cl%l in ?msk?relvmer oPynh femtuﬁal 1S resent in
a se@itofdudt@itpydrses an organic thin f|In1tranS|stor. 7.
The el ectronic device of claim1, wherein the
copol ymer of Fornula | is present in |ayer between a
6. 117 5he 168&61{ Y ggw@@@%é”} 1?1?§ r&h $iEd 519& 08de E&%om rises an
electronlc devi ce arm mhereln ectronic
orgieic thm filem @arpisairovol t ai ¢ cel |. 9. The eI ect ronic
device of claim7, wherein electronic device conprises
an organic el ectrolum nescent device and the copol yner
7. of E‘HE 'g}ék'ﬁ‘oﬂlc WSviPE &8&@Mm | Wvl?eraﬁ hige SdpBRBRLIOE Fbﬁﬂﬁﬁﬁ Lis present in
within the organic electrol unlnescent devi ce. The
layet bgveemi Girstielecivedeoindal ssiondrsleattodeei n t he el ect r oni ¢
devi ce conprises an organi c el ectrol um nescent device
and the copolyner of Formula | is present in a |ight
8. en trhi BRtclrédie deVitd B dlaihh® Wi gdnitke @b@fInIOdNdcNSs pRbvoltaic
device. 11. A nmethod of preparing an el ectronic device,
cell.he met hod conprising providing a copol yneric |ayer
conpri sing an acene-thi ophene copol yner of Forrmula | |

9. The electronic device of claim 7, wherein electronic device comprises an organic
electroluminescent device and the copolymer of Formula I is present in a hole transport

layer within the organic electroluminescent device.
10. The electronic device of claim 7, wherein the electronic device comprises an

organic electroluminescent device and the copolymer of Formula I is present in a light

emitting layer within the organic electroluminescent device.
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wherein Ac is a radical of an acene having 2 to 5
fused benzene rings, wherein Ac can be optionally
wWGeaw3tn0es ed with a substituent sel ected from BEI/EB09T/066622
al koxy, thioal kyl, aryl, aral kyl, halo, hal oal kyl,
hydr oxyal kyl , heteroal kyl, al kenyl, or conbi nations
thereof; Ra is each |ndependently selected from
1 lhy d Ao@@ﬁod 8f ngf:parng ngeg?ctrogpq(@fw}qe thg mthoqq@r@r@g}%/prowdlng a

Vi IkyI
CO%”?*M SR SR en AR Sty fin PR NEE

11 I'VV R and R2 are eask’i ndependent |y selected
fron1hydrogen al kyl , al koxy, thloalkyl aryl ,
aral kyl , hal o, hanaIkyI, dr oxyal kyl , heteroalkyl,
or alkenyl; and nis an i gerqgreater than or equa
to 4. 12. The nethod of * a1 *wherei n providing
the copol yneric |ayer conpr/|,ses preparing a coating
solution conprising the acd e-t hi ophene copol yner and
a solvent, wherein the aceng-thi ophene copol ynmer is
present in an anount of at PBast 0.05 wei ght percent
based on the wei ght of the c?atlng solution; formng a
solution layer fromthe coating solution; and renovi ng

5 whdteih east sone of the solvent fromthe sol ution

| ayer.13. The nethod of claim 11, further conprising
pr oWicdh hgadacafl Of & ageay éawagipé@ érfusedé)emvee mgblvyhvefrm éc can be

Optlgl%ﬁr gubﬁ {teute&r xr)vztilla g‘ags%tu Z”B Sci IErg]t”nhan FIF uaﬁ% f}iﬁyl aryl,

ara\me reild) heloelkty[ @@dfoxglelk Eﬁetbﬁaaﬂ@l Qiigani, or t;ckmmnaﬂldﬂmthereof
tran§|stor and the net further conprlses arrangi ng
B @ch fydspandently Fréeqt%i fromibygragemetkyl galkenye alkenyl, aryl,
r m conduct or
10 he‘%%'a%?@;l &g%zlr’ ﬁg@ﬁ&a?%ﬁ%iﬂ&?x{oéﬂqgl IO?Kﬁ{rgX pol'yheric | ayer;
andC&shayeﬂmngnpmuﬁ?bgndaﬂhﬂﬂgafdré@trode and a drain
el ectrode, wherein the source el ectrode and the.drain

el ectrode are sepagated from each other and_wsiiiLa
t he
74 | |
\ 0 0
j\/{‘{I/f y -
R1 R2 R2 R1 R2 R1 R2

I I v A%
R1 and R2 are each independently selected from hydrogen, alkyl, alkoxy,
15 thioalkyl, aryl, aralkyl, halo, haloalkyl, hydroxyalkyl, heteroalkyl, or alkenyl; and

n is an integer greater than or equal to 4.

12. The method of claim 11, wherein providing the copolymeric layer comprises
preparing a coating solution comprising the acene-thiophene copolymer and a
20 solvent, wherein the acene-thiophene copolymer is present in an amount of at least 0.05
weight percent based on the weight of the coating solution;
forming a solution layer from the coating solution; and

removing at least some of the solvent from the solution layer.
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sem conductor |ayer contacts both the drain el ectrode

and the source electrode. 15. The nethod of claim 11,
wob@rar428el ectroni c device is an organi c thin PET/BB2007/066622

transi stor and the nethod further conprises arranging

multiple layers in the follow ng order: a gate

el ectrode; a gate dielectric lLayer; a_ layer conprisin

13a sdbe sethadedciaomd lafthsr enmapisiag piovidbe? fighkwer 4l 998t the
cop e GLEEHAG 1304 bBBHCE LT REE 0% B SARRRAIARE
both the source el ectrode and the drain el ectrode, the

sem_conductor. | ayer c rising the copolyneric |ayer.
14-16%%581 i NN gﬁ%%ﬂe,le?t\%% ViCONER PEEaRy chfi
traRQStht AfiNhOhetR fﬁﬂfi’é}lc%ﬂ%ﬁk@s alrﬁl}(lgfng%m@% ']a}?érg n"tBe following

el ectrode and a second el ectrodé. “17. The 'met hod of
ordek:ai m 11, wherein the el ectronic device conprises a

photovolﬁaic cell and the nethod further conprises
posPEREHIHYO8fe copol yneric |ayer between an anode and

a cathedielddric Ther;met hod of claim 11, wherein
el ectroni c devi Ce conprises an organic

el e@ts?miogmhrﬁégd_@:rﬁtr_cq@wi&ieg awanmﬁeingéhdm@quﬂ@éayer; and
oMt 3 SRRl b S3LN0: LIGERRRLATRNh L AXE JASLIPAR Blkce

anode -a ca et hod O

eledheédecind thdr@ra@f @adtidtle ateghiatadtiore sechinithdleid Geherein the
conprises a hole transgort'layer congrising t he

seraisprduetaE laer confagts boih t inglegirode gnd thegppmcg glectipds: ei n
the organic el ectrol um nescent device conprises a
light emtting | ayer conprising the copolyneric |ayer.

1521. Thhenctceladfretaiincl Ideticemm déctainid dovid?, is wierganit thin film

di.val ent gro of formula -Ac(E). - ere each E equal .
trapgstgr & %}? g{ﬁﬁﬁ)ﬁﬁ%ﬁr&e@p&ﬁe& g rﬁ@@lsil%m ig Th tlfowing
orfeel ected from 1, 4-

bi s(silylethynyl)naphthal ene-2, 6-di yl,

1, 4algats(ddédirptet hynyl ) napht hal ene-2, 7-diyl, 9, 10-

bi s(si ] yl].et hynyl ) ant hracene- 2, 6-di yl,

9,1 Eﬁkék@?&é?%?%§nyl)anthracene-237-diyl, 2, 6-

bi s@3dyley E@fhﬁﬁﬁﬂ%ﬁ 36\rb¢ ae@nReUnd @-dédiM lelectrode, wherein the source

2, 7-bi's(silylethynyl)anthracene-9, 10-diyl, 6, 13-
electrode and the drain electrode are separated from each other;

a semiconductor layer in contact with both the source electrode and the drain

electrode, the semiconductor layer comprising the copolymeric layer.

16. The method of claim 11, further comprising positioning the copolymeric layer

between a first electrode and a second electrode.
17.  The method of claim 11, wherein the electronic device comprises a photovoltaic

cell and the method further comprises positioning the copolymeric layer between an anode

and a cathode.
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bi s(silyl ethynyl)pentacene-2,9-diyl,

6, 13- bi s(silyl ethynyl) pentacene-2, 10-diyl, 2,9-
whe®(a24284 et hynyl ) pent acene-6, 13-diyl, or PCT/US2007/066622

2,10-bi s(silylethynyl)pentacene-6, 13-diyl.

18.  The method of claim 11, wherein electronic device comprises an organic
electroluminescent device and the method further comprises positioning the copolymeric

layer between an anode and a cathode.

19. The method of claim 18, wherein the organic electroluminescent device comprises

a hole transport layer comprising the copolymeric layer.

20. The method of claim 18, wherein the organic electroluminescent device comprises

a light emitting layer comprising the copolymeric layer.

21. The electronic device of claim 10, wherein a divalent group of formula -Ac(E),-
where each E equal to a silylethynyl group of formula -C=C-Si(R"); is selected from 1,4-
bis(silylethynyl)naphthalene-2,6-diyl, 1,4-bis(silylethynyl)naphthalene-2,7-diyl, 9,10-
bis(silylethynyl)anthracene-2,6-diyl, 9,10-bis(silylethynyl)anthracene-2,7-diyl, 2,6-
bis(silylethynyl)anthracene-9,10-diyl, 2,7-bis(silylethynyl)anthracene-9,10-diyl, 6,13-
bis(silylethynyl)pentacene-2,9-diyl, 6,13-bis(silylethynyl)pentacene-2,10-diyl, 2,9-
bis(silylethynyl)pentacene-6,13-diyl, or 2,10-bis(silylethynyl)pentacene-6,13-diyl.
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