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can be used to provide a sem conductor |ayer within a
sem conduct or device are descri bed. Background

Traditionally, inorganic materials have dom nated the
sem conductor industry. For exanple, silicon arsenide
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insul ator material, and netals such as al um num and
copper have been used as electrode materials. In

recent years, however, there has been an increasing
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unl ts; lanit lgpidsase liquidathet aralcemposed eatiraleaf i9pe glineso- Galled
\&ge{gﬁekr%tlugehl eflagll)d’s aé ﬁhgﬁﬁ% fog%%}’c s%fts mﬁ%elf?ﬁ§ﬁ(ﬂh& under

C hHI(?d‘eIg@deB &1, bf SﬂGUMnaﬁw@hhﬁrgﬁyoﬁatrempEfatm‘e bidnid lquids may be

on/ of f current ratlos andéiub t resh Id volkg@es t hat

ar ®ileblepior swBpler o Hisesiagatalys Wt

si | i conphased feyl d}E @iﬁuldg/?snﬁﬁs&f saitré%ﬁﬁ)oﬁﬁbﬁé wich € afblteR at low

be vapor deposited since they are not very soluble in
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coﬁﬁ IHPYEF™ME. | anthracene derivative) that is
substituted mnth two thiophene groups as well as with
two silylethynyl groups. In a first aspect, a coating
conposition is provided that ihcludes (a) a snal
nol ecul e sem conductor, (b) an insulating polyner, and
(c) an organic solvent. The coating conposition
contains at least 0.1 weight percent dissolved snal
nol ecul e sem conductor and at |east 0.1 weight percent
di ssol ved insul ati ng pol yner based on the total weight
of the coatlng conp03|t|on The smal | nDIecuIe
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Figure 3 schematically illustrates a third exenplary
thin filmtransistor. Figure 4 schematically
WO RoogosHat es a fourth exenplary thin filmtranBCBUS008/084129
Figure 5 schematically illustrates a fifth exenplary
thin filmtransistor. Figure 6 schematically
illustrates a sixth exenplary thin filmtransistor.
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(CO denotes that the carbon is attached to the oxygen
with a double bond. The term"halo" refers to a

wha000983s5group (i.e., -F, -C, -Br, or -1). TheCT/E82008/084129
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“hal oal kyl" refers to an al kyl substituted with at
| east one hal o group. The term "hydroxyal kyl" refers
to an al kyl substituted with at | east one hydroxyl
group."kbteroalkyl refers to an aIkyI havi ng one or
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carbon atons that is substituted wth a phenyl group.

Exenpl ary heteroaryl groups often have a 5 or 6
wWOorewbesaa sat ur at ed or unsat urat ed heterocycl i BCT/US2908/084129

that includes 1 or 2 heteroatons. Exenplary

het er oar al kyl groups have an al kyl having up to 10

carbon atons that is substituted with a 5 or 6
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ASDI | ncoporated (Newark, Delaware) and the conpound
5- br onot hi ophene- 3- carbal dehyde is avail able from
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substituted 2- bronothi ophenes can be prepared using a
NBS brom nation reaction of the correspondi ng
substituted thi ophene. For exanple, see the reactions
described by Vidal et al., Chem Eur. J., 6, 1663-1673

(2000)., The small nol ecul e senm conductors of Formul
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viscosity may depend, at least in part, on the nethod
used to prepare a coating layer fromthe coating
conmposi tion. For exanple, |ower viscosity coating
conpositions can be used with inkjet methods conpared
to knife coating nethods. In many enbodi nents,
however, the nol ecul ar wei ght of the insulating
polymer is at |east 1000 g/nole, at |east 2000 g/ nol e,
at | east 5000 g/nole, at |east 10,000 g/nole, at |east
20,000 g/ nmole, at least 50,000 g/nole, or at |east
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to, chlorobenzene and di chl orobenzene. A fourth
sui table type of organic solvent is a ketone that is
W@ ®bi0g3450 i near, branched, or a conbi nation t hRCBUS$2008/084129
Exanpl es of this fourth type of organic sol vent
i nclude, but are not |limted to, acetone,
nmet hyl et hyl ket one, net hyli sobutyl ket one, i sophorone,
2, 4- pent anedi one, cycl opentanone, cycl ohexanone, 2-

met hyl cycl.opent one,  3-net.hyl cyel nt anon Y

> it RS G RE Fosalar el St SRECbEORRER sqmmang bingine o
fithé Batalyht abihat i YOt @ mEVBRIBCsimplevBdiocatbonrexehdtin.

such as a cyclic ether.Exanples of this fifth t,yfj%)e of

or gani clhedeipe penipres pakyaner pas fiastaiserbly Pings anchlpaiett to distinguish

1,4-di : 1.8t _ it
< SPGB AMIRELIBER LR uuE i pomers
5 ofconfiingt solyhbrstayppolpfnsatugaed cycio) padydyclioahdigteycliboiolexnkes
not limted to, N, Ndinethylformam dE’ﬁ‘S DI\/F%hOand
N, Tt FRACHE Rt dier Rl Factians MghidTe aPPABINE™: y pe

ggpoo rtgali‘ia@ioﬁ,%hwﬁ@iod? @?clﬁgﬁér{) tgh&h RiBREdnSfef FAstidMatConfhct

lonally substituted w at | east one al koxy
grmiysers Thedistio an uhsatwated mtticate netaiorie of mplecyles haymay énclude
sol vent can.be a nze that is. s It i .
Ot RG) O Fodn C e esiTRtE b M AmEb ol eniie

10 OphitRaRKeYetbndl t9aale exdRplds bofitiRdikelyt folgmbiid spegieswere reported by
Exanpl es of this seventh type of organi I

c solvent
i nlingd et alp(fouriad ohohemicah arddngdnee g Qﬂt%,ls963) and Pines (Chem.
et hoxy e - ' - ds in intr
R T RSB oA o
s egthe aRei®heiining a cbmbtadon nfcyctinpod atyictin skedetofis.en at

least 0.1 wejght percent, at |east 0.2 wei.ght r.ecent

at | easht mgcglcgeqogmncbgélzgﬁ{s’ar%gls? 83&@{1 63\%1&5 Ida«gﬁ) th&i color and
15 pe’.ra%ﬁﬂéolulﬂé oll§afke td tRiMBLIYBSalREMGROEatalgttt ph@@sSWhére Saturated

wei ght percent, or at least 2.0 weight percent based

onhydnecattuinalandpangfinio prodhets ersatskiplly Bompediai on. The

concentration of the small .nolecul ] '

o ton ubh tleRher SR EreLe SRl RyREREPTF peate hey form

UPcdifpldxdder 8iMiplp iteaed withithetionid ligeidghtalyses: deistbelievedupat such

to 2 weight percent based on the tatal é\%i ]gllat @f th 11

c oearnplgxesdatI® §FGatEmCOn FChRMYMEFHRYAY G plthel; dopllg bondsvi

velght . i L ghti R iquitd cdtARRL As an
20 75T RBEEREs with thPRlis SR AT in MRV AR Lot P! As an

| easdimpA6) corjugbit popenesndmplk WiteatCla%s leevig htideressahin, the ionic

at | east 98 i ght rcenf, or.at .least 99 wei .
pchigneaapot e Panbr b B G e Mrmaon
di Selensthe Rid HRNEGIARDCANINOSctdaOds. catalyst Bebaty, and eventually
enbodi nents, the coatln? conposition can include both

8]

di smdersdht eatalydilegifectivifos inflisapiaa awgtigrsiuch ag prpaliylgtion

sem conduct or of F I I j 'S :
25 onfger e B R lg?pe}r??ﬂggg %}%} éleﬁ%?' e'f:‘]%? géggletz’m c ofn :5 %%én s b Hnction
pr 5@ cohdentriforcOBdonfigccputpasistin dre ibsic diqasigthasy] catilyat activity
is, in these enbodi ments, the srgi)lg{5 mol ecul e il
seArEenau 1Be censsnibaionRTicPBIUCIHODERET Fryaies HEIORGXES AGMa
0 hitd ; %%'& i FRRI fRSM REéM@ation reaction.
o?@rgrgllrlt qf%H?Jﬁga?g t ngpg%“ﬁgé‘gp? ?éonr‘le is often gt | east )
. Theefghitthppresemegeatratiempiocess breaks gh thereniumgt polgmers-AlCl;

0L 25hae S B RS EP ol APy G R RRL

percent, at |least 2.5 weight percent, at |least 3

wei ght percent, at least 5 mei%ht percent, or at | east
10 wei ght percent based on the®total weight of the
coati ng conposition. The |ower concentration limt can
depend on the use of the coating conposition. If the
coating conposition is applied to a surface using an

i nkj et nethod, the concentration of the insulating

pol ymer is often at |east0.5 wei ght percent based on
the total weight of the coating conposition. Lower
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The coating conpositions are often used to prepare a
sem conductor |ayer in a sem conductor device. Thus,

WO pooagi4ber aspect, a sem conductor device i s PCDUBHO$I084129
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t hat contai ns a seni conductor |ayer. The sem conduct or
| ayer includes (a) a small nol ecul e sem conductor of
Formula (1) and (b) an insul ating pol yner.

Sem conduct or devi ces have been described, for

| Sorel in Physi L conduct.or .
CEiT RS oreatuSL P A el TR Rhar S e SRR Facting with

( #R&hlalysThese sem conductor devices include

rectifiers, transistors (of which_there arf rr_gny )
types, Tihﬁge;gggq:rﬁgmppwc%s’s 1ﬁv%yq§,pr%\ﬁ@mg Bp jenis figyid catalyst, wherein
transl St ’ i onfuhBi oty d reacti
BRSSP ARORATLEG s LR b0t g, nd g
Seiioidnkyligliid daslystawith alamihink enctdbe Mydmgdu otayrbedeppliadgo the

can i.ncl ude conponents such a ransi stors, arrays of
¢ FepqPN 4 S Retsawatal g Srcmtepied fedmateigeiiupLadyRes from
gg% 4 gﬁﬂﬁ‘ﬂﬁ;ﬁ THéfeadich #&B89hd Qnf@chpllyimets fkém the jonic liquid

ctor devices also can include arrays of
cicatalyist ® thittheypmay be nifectivelyoemoued fromuthe eatalyst pbrsgrJRegoval

of .these, arrays or . nteaqrat L GUl - .
6 AR i s, BRI g rofild GlNR id Bl important
Cibe&atisé StheAPRE iheabhjunst polyrhdre sl samdin anthechalystipheise esd re-
and arrays include radjo frequency. i delgtifi cation .
deoinplex anrifkey interah Witk iecratalst adsf aprelsERl it Grpslyation-
SENSOT Sphe TERRLN deviiasd it diddigeddidiSor a3eaMorakith Heixed bed,
sem con&]uc or "devices are organic thin-film
t e Sifsl@hiBuas Rieawsction becms b el syrfece ¢ the plaminump gegal.
Any given |ayer in the various thin film#tr j ..
s RBAROF G spifigipnb guying 45 'Bec‘éséﬁryﬁﬂ é?@&éterﬁjﬁsts it%f’%%ﬁa@(ge@gﬁeo?qmd
gg)thﬁge! B8 aliHEiuRe SurfR8 ¥ind BYEX to G InilR Ciguidephases i Inghe

terial or multiple materials. Further, as useg
hengiodjmértethe etimerd ted¢tonis fec@ntinuoyis §m§4 W@k ’reactor (CSTR). The

e e g ar S ) ,
orioteta st AR ST s pREUAGTHA neddprfUftator. There is
Ashitefile t8¢ Bhidmalri@nacd goBedyeadcdtizst can be ndded aryeplaged with

posi ti oned near a second | ayer. The first l.ayer often
c omasack alsp provddasgies 11y ansids the Z5A610RJAYY r§9‘é‘i~m%§1‘ﬂ‘}?"%58ary

por%'si&ér%gi&&ﬁ%\Qgﬁféntctiﬁvéfréisﬁ.t SLAYEP iIh 3Ry s@Riished. The

| ayer. e enbodi ment of an organic thin-film .

t rep&iesdtion cif Qencalihowarseheutat a taapeyating afifgu 20 to 203, and
organi ¢ thi ngLI I m %r anéd stlgbo OTFT) 100 includes a
gain@ngtheteppdment. IrgmyOl © 'erect ric | ayer 16 di sposed

on the Ra&lRGE OHRedl4ith @ réRevARxehctidhof e cddjunat polymer

drain el ectrode 24, ‘and a sem conductor | ayer 20 IE‘)gat
i sbéforegbernzistrewissasiabisk with e catalisk elnging copboduness of g present
the drai | ect r od ot L Hy Riveahéktraction.
¢ nrogi e Br-BEpIHEnBe B U RuhEE UG SR Bl hraction
(i TRus, tHeh@geh@tion pedcess fuater iRAudesestmctingibn terjtndat pelymers

drain el ectrode 24) and are positipned adjacent t he

di Ep@dbe jopiq lguid catelystgyiiha ?ﬂ&ef&ogl’ﬁyén‘eﬁ"g‘@-r?%‘é W gl and
thegad( &ic%h%?{lfeodg@ RAhBEEnjLRct PRRINRGE havietthe GBifty to go into the

sem C ucting layer 20 such that a portion of the

s ecdtalgstghhaseoand|reyreact with glsionicdissidd ersalyiidelt s IPoEaRyte gemove

el ectrode and the.drajn el 3 ;
ceftconuasaBrh s SOl FeBELHRE e K0f BRPLIED fr héRaction
SOPétGREN BRichRURt anthluhensl aictal eThetxtodton of thefcenjuae polymers
as the channel 2 1. The channel is adjacent to the

gate dielectric |ayer 16. Sone’seni conduct or devi ces

have an optional surface treatnent |ayer between the

gate dielectric layer 16 and the sem conductor | ayer

20. An optional substrate can be included in the

organic thin-filmtransistors. For exanple, the

optional substrate 12 can be adjacent to the gate

el ectrode 14 as shown schematically in Figure 2 for

- PN p——— P~ P~ PN o - N a o R . N ~ N




Optionally, the substrate can provide an el ectrical
function for the OTFT. For exanple, the backsi de of

w0 b@osiast rat e can provide el ectrical contact.PUBES2008/084129

10

15

20

25

30

substrate materials include, but are not limted to,
I norgani c gl asses, ceramc materials, polyneric
materials, filled polyneric materials (e.qg.,

fi ber-reinforced polyrreric mat eri al s), rretals paper,

RS RN Ol eGP g SRS Ol e

C Modt pedferdBlyD iR eRiradtihint YR tiSn @tﬁptﬁo@ﬂﬂﬁﬂuﬁst simultaneously.
mat eri al . For exanple, the gate, el ectrode can |ncI ude

a dopedliresaglnn Sotcals sapcesgfulbp ligholve e gopigpct pplymers to remove
C r e
OB S BT UGPSR
alimfpdm but arbnonimitgd golhexarei hegane, nétate pentpiad, dectingand many

nu tantalu tita um.tin ide .(.I TO
P opogis bty Solifi ol MR saiog 16y B b Divens for

( '%-5@ @f BéovRrE It ohtrafihell RGdREArbofxe MRhia ke EBHIGIWIVIEthe
pol ynmers include, but are not limted to, polyaniline,
potgareratedetataly b rddienspntplessH ewedhy lwrwaé\?% solents are n-butane,
sul fon§ & 3 or polypyrrole. In sone organic thin film
tr 3%? t'57E, the sane material can provi de both the
gat e ellepis'de dfsumﬁrécbirhaﬁermivetnha(tmappm isteffeatiod ﬁocrnrnofle the freed
the substrate. For ex

al?ed | licon celg ct.ion 1
asORBNR! RAXMErs OB TiE L B@Céﬂa talyiL FeAgl5 oY ftahg Aluppigtm meta
9 ! iFe EQIRRE Hhly solubl

3L HIREL RO RGN, Ol DD iy ol

c dryidedcagbons nHuwbverepmtoes ataetmpts trciemmye gamvpetPelyehess from the

t hat ,are, conduc e, or rrerl e t r

c U P PEA AR P OE R R B PIst B el Skt fefhogs winn

nq{ drdAtdoBdotvents/suéh AARQBR, Hb@dneand &T@nﬂmoaﬁiubcdse&ll It
I ver nanoparticles, gold nanoparticles, or Caiﬁggsghthe

naamwb duat thﬁmesgmee(oa pequartation) PHSRITUNCEPOLYMAr B9

t he C I
Sl S MSHTad  THLe SRR L Sd e
b aWame eoﬂﬁndt@ﬁl)@'dfél' mae be mascllbjs éi thle iomit dnhidk.ghéipacquhmilation in

di el f
i bF 6B SeTaR G vy PEgtalad B R ffpractions

O 2, ) SRIFLRAbA Pﬁhérh‘ﬁd'ne&ﬁn% sO@19n1 the rd B&did ipBaseaThhg a

single l"ayer or multi ayers of suitable dlelgctrlc
ned:ractdrsis neacliedtiay @ntlh the aomwm pelysrerneset ppajiaghed” from the
dielectri n_.include one or nore dielectric
ndPEPiﬁﬂ%.“gﬂﬁmorganlc thin filmtransistors can

i ncl udeyt aRs Bdehi dtalersdl tfag @ htekaadtivnris smmfmm &pasplished
between the gate dielectric | ayer 16

| east, a .
powhﬁﬂwﬁﬂ@ﬁ a ptHEcdoTIREEn P ETas AR E‘E)‘H’EPB&E 8rPaF é‘P wen gy theeaction
1}88&& %btﬁﬁi% WG RS RRH B?Et@-r#re@&gr e%tdlic%ﬁ%ﬁ aBove. High
eor gani ¢ sem conductor layer . I'n sone
entupdnatrem tfficidnog 1mﬂauewa®,|w1ﬁucmmecmeaaﬂnwnhrougly&re columns

B RARKE D BE i SR DB NS g e good

SUbRuEREENBAYs ARz &RTipe AR vicRint bﬁi’@ﬂfectﬁh golsttitfeatfction of the
treatment | ayer can be a self-assenbl ed nonol ayer as

desmivnséolymety. Ehe perastien neskings sambagemmponlyaypilahje packings,

P a‘fé ?{%%ﬁg%%ﬁ%c%g@%g% cﬂll)g rg't%s gngE)Eh %ef acum%at gII%% purpose

Noof the packifiB t¢ Kekdasy sfacakrep forltvmtasbandimcehsrcthe effisica@Ry of
and drain el ectrode 24 can be tals, alloys, netallic
compounds, conductive netal oxtYdes, conductive

ceram cs, conductive dispersions, and conductive

pol ymers, including, for exanple, gold, silver,

ni ckel, chromum barium platinum palladium

alum num calcium titanium indiumtin oxide (ITO,
fluorine tin oxide (FTO, antinony tin oxide (ATO,
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| east 0.1 weight percent dissolved small nol ecul e
sem conductor and at |east 0.1 wei ght percent

waele@sos4ed i nsul ati ng pol yner based on the totedT/WE109$1084129
of the coating conposition. Sonme of the nethods of
preparing sem conductor devices are nethods of
preparing organic thin filmtransistors. One nethod of
preparing an organic thin filmtransistor involves
arra

s ofherget BxFatiBy Sofainhelery /R Ay BRVE cPigveneen e

hayb Maes SRt E€s ¥ S cbIveste (ﬁ)‘ﬁﬂm@t ﬁ’dl?ﬂn@r RLeGY Qiﬂ@ dffadleast 80%,
are separated from each other; and sem, conduct or

| 8%, 95 erorven8P%aire Rossil e wher usipg f}@éomb@@p% @b thggactor and
th%h%&?xﬁa@unl lﬁggdagpgd§en1conductor | ayer includes
anormsul a small nol ecul e
5 semc orWhﬂé ﬂfe oafalyEt)fngllh@at(dn) proéese ogpl laa’gmpipgahtiocregdmierate an

filmtransis accor in o t hi d.are shown
s AARRHARSARY Y aﬁsgw@go Giq) xszesany;&ﬁ%‘x Wﬁﬁémﬁﬁ% In one
0 re%ad?)'d &l e {gghﬂbﬁk Qﬁﬁicﬁéaﬁflyﬁ RRWRs&CbRARLyZ6 ah lalkyldtion

|gure can prepared by providing a gate el ectrode
14pactiep d»givmen gso@agéﬁre: aidelefmsr iAs used/bereingthgdgra dpaparadtin

ovefangy Beiearain iR os AR PorfMECi € o Bl RE chain

10 di ke WitiCa LiRvAEal E6male B Cl1R..! BRamples Qélsebz&affmdﬁs i@butane
and the drain electrode 24 are separatg% from

otaménsopant@ner oFle tegm A0lsEA BSARRAY Snstuipisd hygrg on, cgmpound
(\)/Snl ! S‘lje gtnonen: (P%QU(BQ: rb%h%%hﬁl@%@n%% €. praﬁ(&?e WHtRk Bhemical

e e area et ween the source

eI foahila @€ C28,,arBkatripies df alefine irebide ethey 1, probglene, butenes, and so

sem conductor |ayer 20 contacts both the source

el ®ktr ode 22 and the drain electrode 24. The portion

15 Of the BEMGARIMEmeal l:zawermtm@fonln&)f@@ww @OET rhftrdrheer),
area between the source el ectrode and the drajn
el pmletsqdié wey) ion alumansh dears| (5- 1 Fivem r 4Hernatiyqly.ihe plppinum metal

tran schenmati cal | u
S S BT, b 05852 e
g a:h@tali‘fnﬁf bE adE ) hhcozcdpie fdﬁib %ﬁc&tleclilétes whegso &dilsi fige particles,
gate dielectric layer 16 adjacent tg thgggqh d d
el TRONETS EAWES. SIRISHEE- UHE) @&E%SCQPIQ Py iy includes powders,
pog! ARtadffns he gate

20d éP@%’ﬁ%@DPﬁ &ES§E&E§J§PB?gﬁ?§§1a gource el ectrode 22
and a dwdiile tid @atcrloped Calgsjinkiearated ﬁorrh@e gamjanct polymers after
dielectric | r 16 such hat t het
separacign prEbEsEn SERe AR PTG & RERRE L Syt
| ayelse APk ALY ipE&BEsakPtotlIRr M@Iﬁlr@hﬁ!@éfabﬂemaﬁe czttlﬂl&st phase in
drain electrode 24, and in the area 2 1 ggtmee

s oordertogkeayer menezzteé ieni¢ Hevid caelysithalgap ée‘*?’&Pedﬁ’] g‘e Pprocess
ndu r.2 _
25 SSTRRRIHRY Bt i " SH0) BRARIL MR RE i car
of aluhm&s Metd Fm(iiMﬁlTr@fo feeyver tHehhiminempoetiat foo neeuse in thehe
area between the source el ecfrode,.and t dr ai n. .
ol EREeRHEOTRIPF 3 THUS AARFIETSd FRROGGN AT RS Riefery jnvsption further
tr @&ﬁkﬁ%@ 1RH %‘ﬂw%&ﬁﬁ@ TRhidcatalpst bé¥ofd e ERratti6n @teb €0 separate

pr epare ding a substrate 12; form ng
s e niuonmen a:nerbal fromy the io@ic didjideatalyst. oIttlhlére@@@étt? ﬁlt@ before the

30 g%tt{z;rcg‘glg n%g sgg]\ Z lS{tonF g"fttrzﬁlgo%ga rgngeélgg g:ttfgft:rglélﬁi ﬂltermgzcatalyst and

0 PR&ISElt8ephgtelSU DSty topEolRtatichuiih thiat tdikeclsquartmalate matter can be
el ectrode 22 and drain el ectrodes 24 are separated

from each other; depositing a 8ate dielectric |ayer 16

adj acent to the source electrode 22, the drain

el ectrode 24, and a portion of the sem conducting

| ayer 20 between the source electrode 22 and the drain

el ectrode 24; and depositing a gate el ectrode 14

adjacent to the gate dielectric layer 16. Both the

source electrode 22 and t he draln electrode 24 cont act
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| ayer 20 is positioned between the source el ectrode 22
and the drain electrode 24. The organic thin film

W@ e@ps3Bsor shown schematically in Figure 6 capChEs2008/084129
prepared by providing a substrate 12; positioning a
source el ectrode 22 and a drain el ectrode 24 adjacent
to the substrate such that the source el ectrode 22 and
the drain electrode 24 are separated from each other;

formn em conduct I £ 20. t

o SRl Fteme e et ATy bR eafRBL R e flffgyed toan
d%m@sattdnrwmafog@t@e Gh eh elkyTation bayeess. 16shad]dinamtied that the

sem conduct or | ayer opposite the source el ectro 22

aneganpetedrignis liapieatalys npy; bedpey clrddo #RY PIRGess laéi‘t hitis

el {0 the gate dielectric layer 16.
&gfo tg&i?o éa?aI?%é aal%glgrﬁ conductor layer 20 is positioned

5 bet vveerirttetaeldﬁmualdﬂteeilngstapo dee igpodat bebrise the aluminum metal

el ec{rode n any of the organic. t

© BRI SoBHBRHACIaTTA PELTPSESF Hie sl §r grample, the

Sedmﬁﬁ%l{ﬁﬁtor | ayer can be formed by (1) preparing a

coating conposition that contains the small nolecule

sem contlfteritbe re@ctlcﬁmmh_ngraqttgn stepsearn appigcigbl er@nglg}tylffg}mc liquid
and gsﬁgr@?ags&cqeso' \éﬁtnl'ﬁ fx s%lv 44 2§ W(ﬁz)o%ér?"ﬁ%e 9f so, solvent-

ecu m°conduct or and
10 t h@njuRStiAynegptasd isﬂ&aﬁleal(ﬂén apulbiph od sd)lhentc@mt]umgpolymers and
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tr%m@ﬂkwéﬁmu@MHW@B9hW@ . ol qrderde rGuIRIRe B ﬁﬂB?n e
or d
rggc%}l %ti?l)g \B\é&ﬂz s of il ﬁ:@éﬂt éx:i\%ng&ggxgﬂseﬁg\%:ﬂ a$ AR ird&névate

t per ent nol ecul e
s eduiatpsnas) pd»ssrbleamhtb mtnalrelagcatﬂy$\nen bhsenaeatedkiomghe E@Y%d
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ther purification unless otherwjse

2, 6- Di afihareafiertheeeniwesieolyass A OleBbER SePfi‘fﬁ‘eE’ py pimple

hl d
f eit?lrgﬂa(lpg &-qea?%]% @ﬁlﬁ?%ﬁ%@%ﬁ%ﬂé?ﬁééﬁ’@a éolvent can be recycled to the

2- bravatrbieaphebe prdeessbr ono- 2, 2' blthl ophene and
N—bronosu00|n|n1de NBS wer e, purch sed f g
Al dri chligMY TSRy \qpencris R TR £ RS oI TFsome

0 Lol %ﬁ&e@l Mlg%?)o{'t{&r&%ﬁ étfe%nﬁﬁt tﬂe QﬁﬁlgEtthh?ge is AgbATd. In those

has ansf er ata [ithium
[ linktances, only as much ionic liquid catalyst 18 regenerated as is necessary to

E g%ﬁ”léah e %ﬂ&dﬁ ﬁqq 8? 8%{@9 b o %rttg frthé m&r QRahhiad ®8%onic liquid is

brgggzgimeﬁmMyghlophene 2 br ono- 5- nethylthiophene
2-et hyl t hi ophene, 2- {Ithlophe

2- hexyl Hw@meeq-fgomg llﬁg})@qa aﬂﬁs&gﬁ@ regfﬁara‘fdfciorgmg tg1 the process

s hex @aflafrdne-based
25 pcShe ehr ﬂt%ttgﬁﬁe%‘ﬁﬁég‘g‘?‘%ﬁoy‘?@%fﬂS?‘é‘{yrif"ene has e
pucghiasespetics midaSyith elirdmirs chicoe tise $-allgipyridinium

2 %@Mﬁg@gﬁ gﬁgﬁ %s Il’ 3)[%& }gp&@“n% Iél%@t\géhqgrrotaiuﬁﬂﬁatg (fferably the
Ch %Hl uiRARARYs stideted GOHNIRIgtoupdbhsistigxahe and

tetra grofuran (THF) were distilled quer g n% d

2, 6- Di bla@hbmmltmarqtﬂ inoiediouidscaglysh spmprisipg mhydrocarbyl substitute

comerci al a ; Syl substituted
30 Py i Al S lim AT PG PRY 0RR

Cheidabélium &ad alufiZnund (5 dridbGRefeROOBN. 1 mplae equlvalent hydrocarbyl

sublimation, it was further purjfied by

recrystalllzatlon frontdlnethytéornanide ( DVF) .

Substi tuted 2-bronot hi ophenes are either comercially

avai l abl e or were prepared through a NBS brom nation

reacti on of the respondent substituted thiophene. For

a simlar reaction, see Vidal et al., Chem Eur. J.,

6, 1663-1673 (2000). The nol ecul ar structures of al

products and |nterned|ates were confirmed by 1HNMWR



Preparatory Exanple 2 - Synthesis of
2,6-bis-(4,4,5 5-tetranethyl -1, 3, 2-di oxabor ol an- 2-

W@ R)09085430- bi s[ (triisopropylsilyl)ethynyl] antPCEHUSI988/084129
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15 wa

2, 6-di bronp-9, 10-bis-[(triisopropylsilyl)ethynyl]anthr
acene (5.225 grans, 7.5 mol) from Preparatory Exanple
1, bis(pinacol ato)di boron (4.763 grans, 18.8 mmol),

pot assi um acetate (2.940 grans, 30.0 nmmol), and

F B R bt G R fB PGB Rl el il o 2
S UsplaNéRivakafCali@smnuabtrithreide oTtte geepbfosmals wasnd B,
degassed to renove traces of oxygen. [1,1'-

bH@%@F%ﬁ%ﬁylphosphrno)ferrocene]drchloropalIadlum
(0.205 g ]?H§ ﬁﬂﬁ? it b

sol ution iy rt %a%%g: l eglaté}i g%rgg{?’\%\%lsngrag aﬁﬁggld sﬁ?ﬁed
0@ytidinidn dhymdaadd tilluﬂnnum atichdoride ar@omikyd syhstinded ienidazolium

wa she t.h DI te 10 . X, 3 and dried over .
g g 2l A ey Peleril ) LR St GuRf Py ridintum
I IR RA o‘?ﬁlk’&?hﬁﬁﬁtu@é@iﬁﬂd%h% chidRle 30 infblaregutlafenyast
purified by col um chromatography (silica ge CHCI 3)
arumizamysichloride efithe generak fepmulas Arandd, reypssigelYieed! e
crystals were obtained (3.20 grans, yield: 55% as the
product. A Suzuki coupling reaction was used to

symhhesi ze the substituted acene-thi ophene derivatives
(Tabl e 1) of Exanples 1-9, as shown in Reaction Schene
n Scheme 2. Syntheses of Acene-thiophene

s The follow ng general procedure was used
action. A 250 nL Schlenk flask was charged

2, 6- - (4,445, 5-tetranet hyl -1, 3, 2- di oxabor ol an-2-yl ) -
9,10-hbis- [(triisopropylsilyl)ethynyl]anthracene (2.00
mmI)Rof Preparatory Exanple 2, 2- bronothi ophenes
(5.00 mmol ), sodium carbonate (10 mmol ), ALI QUAT 336
(0.09 grans, a m xture of [CH3(CH2)9] 3NCH3+Cr and
[ CH3(CH2) V] BNCH3 +Cl , used as a phase transfer
cat yst), distilled water (25 nlL), and tol uene (100
m)r, The m xture was degassed under a Schlenk line to
r enov :
Tet raki p(tri phenyRphosphi ne) pal | adi un{0) (0.02 mmol)
was" t heh add under nitrogen flow. The m xture was
stirred r nitrogen at 90 O0C for 20 hours. The
upper tol uene Iuti on was isol ated and washed with DI
m(xiggsﬁ"@r 013). After being concentrated to about

wtttre R MAShAUSRGH erdopuyn b8l NRAGN of MaOHbrdubQAd k.2

The precipitate was collected by filtration and was

puhalbalanhlrtaye aohwekerbly aghlomalisninatg) andRicanddiva g}egtyﬁ,yethyl

f
toptanal o refidh PR i AR Ry ot be the
acglipé.e or toluene. 1H NWR (400 MHz, CDCOl 3) was used

to confirmthe structures of all, these oungds. .
20 Sol ubi | iThe folloxdng expspplesaie PEYE -tp !Elft@'te{)?lﬁgﬁ'gtegﬁeaembodlments of

lies n Udnd R iaRH
at VRGP ESLART BHEF At nian SRAR B MRl hnd R RAANAE
Table 1. The wei ght percent is based on the total
sol ution weight. Typically §ﬁ@ﬁ ubility is lower in
nbut yl benzene conpared to ﬁ gena ed sol vents such as

chh;qglg{p@ng@da{i@ﬁ gh&ezrRe, and di chl orobenzene
.Differential Scanning Calorinmetry Measurenent
Differential Scanning Calorinmefer (DSC, TA Instrunents
2920 from TA Instrunments of New Castle, DE) was used
to neasure phase transition and nelting point of the
smal | nol ecul e sem conductors. Exanples 1 to 8 were
heated from 30 to 350 OC at a heating rate of 10 0C
per mnute. Al these conpounds showed good t hernal
stability at tenperatures up to 350 0C. No

deconposltl on was observed up to the 350 0C of the

4 .= . [ s



then recrystallized fromethyl acetate. Red crystal

was obt ai ned as product. Exanple 5 - Synthesis of
WBSPINTHRE- An PCT/US2008/084129

(2, 6-Bi s(5-propyl -thi ophene-2-yl)-9, 10-bi s-

[(triisopropylsilyl)ethynyl]anthracene). The bright

orange solid (yield: 98 %9 collected from

precipitation was further purified by col um

chr omat,ogr aph 1]ic el T
recr ys&%a‘?tgoé%sh%g%lr%ge@ﬁ%at%lcr%%a “@ g%ﬁé@&é?;‘]’@? 1§ lonic liquid
\é%arrarl}?;%gg &/gri]ﬁao@éii Witle glustinurexengllie the presSyed dfdsideogeh to liberate
( gp@jhggtgxmﬁ Jiom the sptakysERhass | SQ()gg’ril@_s gf spent ionic liquid catalyst
[ Chhdad ighlt o 1636, BRbeHRH with 8
0 %é#& @%ﬁ'g gy érlJ 3% E%rﬁ%{f}%f g%gblh%g%@/@eag gl e cst)-egtbjh%fcr om it

5 preganpoft Atmomnmpsyvdenin h8p0quautdclayd réagtasoNerselvent was added.

chr omat ogr aph iljca gel 3) and. -t hen .
- Ay beed s BB e eEbraer SR i E ayig catlyst and
%@@P@?MM r ArdHefdeC it 106%@ MR 15 Rours Symldigsngagifated The
( 2o Bigsitrad s seyas themi sypiseted 1pthg extrectipn. shake test described in
[Gtrii §ogr opyl silyl)ethynyl]ant hracene). The bri ght
orEfiﬁﬂ‘@es l1id (yield: 98% collected from precipitation

10 was further purified by colum chromatography (silica
gel, CHCI3) and then recrystallized from ethyl
adexapple 2 éﬁ@"éloér&?‘ék%rgstv\ere obt ai ned as product.
Exanpl 5 | f GlhbiELRS14\ series of five extractions. In
(2, 6- B?E*?@z‘?fﬁ‘ﬁ-y‘%i[’?ﬁﬁ%r%%‘g%f%-sﬁbi -9, 10-bi s- ,
[ (dakh esteqztionyl Ssiramk P& tigrare] veere hddedeand)shakerdo arepghly mix the

d solid, (yield: 929 L1 ect i ni Lat] v
BT RO PEES By EaI SR RSy B PIPR semoved
15 9efom GilatllydptladeigRadtesTiis find bitzedofy amh tholawe veigRed

crystals were obtained as product, Exanple 9 - )
Sya%m_[nast polpmesgEr) x[qugf_egl‘,froen the catalyst pha@g Sufter the extractions,

(2, 6-Bis(>5-fo gl VET eHb i hr$ginal catalyst sample.
[(?’ﬁ?/Eéo%?%‘ﬁ;?r%ﬁ‘&’?‘???ﬁ@%ﬁﬁrﬁﬁ%ﬁ%e%g?%ﬁge br | fghyt >
O FRGE asibkichafely 82%: of 92 &dnjwrnt pelymets Were pemoved from the ionic
precipitation was further purified by col um
chiignacaghabhy (silica gel, CHCI3) and then

2o T ecryst allized fromethyl acetate / chloroform(1:1).
Orange needle-1ike crystals were obtai ned as product.
Ex@apled 10 - Synt hesis of

2 6-Brs{4—+tormH—thtophene=2-
"

A~ 4 LW LI AL

ol ExasionyBbEByL il yi ) et hyny
Sthl enk flask is charged with
2| B-bis-(4.4.5 5-tetramethyl -1 |85

di 8xabor ol an-2-yl)-9,10-bi s-[ (fiPilibsopropyl silylyethyny
| Janthracene (2.00 mmol ), 5- 0.06

brgnot hi ophene- 3- car bal dehyde (OK30rgSynthesis Ltd.,
K'L%tal%g%f@?ﬂh‘?ﬁ@@mhp; sodisugm car bonate (10

myot ), —ACHQUAT 336(0. 09 g, a m xture of

[ CH3(CH2) 9] BNCH3 +Cr and [ CH3(CH2) V] 3BNCH3 +C , used
as a phase transfer catalyst), distilled water (25

Tﬁ?j ’e r agdfgte %]lv%;geepar 18(% gg'e])fgﬂg{l}:of mgrég}gﬁiaoiﬁngg mﬁf&qiquid catalyst

25 TeLh Akl GoEAbOR S8V RaS PR fia)ed MabaicinLiig 83 tr{dliod hakenest results
I's then added under nitrogen flow The mxture is
st iand &elindrio b¢ approxigpeely df- 90 0C for 20 hours. The
upper toluene solution is isolated and washed with D
water (100 nmL x 3). After being“concentrated to about
25 L, it is quenched in nethanol (MeOH) (100 ni). The
precipitate is collected by filtration and is purified
by zone sublimtion or column chromat ography (silica
gel, chloroformor hexane). Organic Thin Film
Transi stor (OTFT) Device Preparation and
Characterization The foll ow ng general procedure was

I Y T . T

WS eht i) tracted (grams
I )Waght"é‘l’ extrac ig i%ﬁw%

Zi‘tficnll acence.




substrate, which was at room tenperature. After being
dried in air, gold top el ectrodes were patterned

w0 koogiasa shadow nask using thermal evapor at i BEI/B81008/084129
under a vacuumof 2xI O 6 Torr. The hole nobility m was
calculated to be 0.22 cn2/Vs and the On/Of ratio was
2xl g5. Exanple 12 - OIFT of BSMI-TI PS- An B5MI- Tl PS- An
and pol ystyrene were m xed in n-butyl benzene so their

Lght cqneentrati 6 wei ght percent and 2.0
’&WP' gr géﬁ?’Ct‘rog(goé%rflr\ll\%Fl§nbased on the total weight
of the £esR&iduredt, sithel aose estrdction cmmmmmlgmd 90n the

0C so the solids dissolved conpl et el [tin

so:ommm hewggcted iomiqkiqud catalyptas fsinte <t rté%? gmn while a
%}oc‘g}b%n sgw ﬁtns F)eljhg bBkom Of B coffrhr T thEéc%Gn jonic

des were patterned t roug a
5 s h&;ﬂﬁﬂ/\bdﬁﬂ@é{ msmh@;aWhefmmtheelmapnrca*’cth@cplnmn laodl therrgbrenrconjunct
vacuum of 2x10 ngorr

Th ol bilit
c drodymerbass is Y fy?lVﬁ_Iergll‘I}Q éﬁ ahnc?wgwleﬂyagé n?rgp?r of theoretlcal
1 ?é&iﬂh@d fo extrQEFoE v@«fs BREhteH! B%@ed“ﬁbtﬁﬁaﬁﬂlﬁﬁcdéﬁﬁdé}d of 14

pol ystyrene were di ssolved in n-butyl benzene at roo

t ewlieh s r@aged e xanype @hﬁor thoercdiffereat sdyant %ew@wlhcnnd (IL)
ht t
b agl%&y% ﬁ %Ei%gt?ct S &%g qh% ggﬁe ¢ ]gxttrﬁc?iroﬁ g)ﬁ%gét?lg%gcﬁ{lib¥ﬁdkéﬁ conjunct

101 théfd g TePle 2t listthvasultiem themufrber iebetcalstages.
HVDS-treated substrate at roomtenperature. After
being dried in air, gold top el ectrodes were patterned
thf a shadow mask using thermal evaporation nethod

under "a vacuum of 2x10 6 Torr. The hole nmobility mwas

cBSslutratelL taalys 0. OGP cov@iars ratad the On/ OFf ratjo was |
2xfee@atioExanpl e 14 -| 9OP6T of BSPT- TOP% An BSPT-T PE%AN
angispol ystyrene wer € plllssol ved 1 n nibutyl benzene| ar
,
2

ntenperature So @grr vei ght concentrations yerze
we-ght—percent—a 'b‘?jﬁ 5—wei gn[ BfgEent Tespec pvely
b d—on-theteotal—weight—of—the—conposrtionm—Th
resulting solution was then knife coated on a

HN%&: I 6 B dicsidigitnaba Pihebreasal saERLWAR diréasoddtlesolvent to ionic
bei ng dried in air, gold top electrodes merergﬁgterned

15t hhqmglcalalysh&dd)wtm(s 1) ik gChigneranean) WEh PRI BET (ROYRY FIY
ger a é@jﬂ? H1§g/ 2x10 6 Torr. The hole nobility m was

aPeest &°89627% 8¢ 10 3 cn2/Vs and the On/ OFf ratio
was | xI O3. Exanple 15 - OTFT of BSHT-TI PS- An
B5SHT- TI PS- An and pol ystyrene were dissolved in
n- Bxapipledizene at room tenperature so their weight
concent r,at, r l1fitd Wed p@firmed dsid 5116M’:blnghﬁous
per cent reg%%g%t%eﬁy}%aggﬁlgﬁthe ?ﬁt al wei ﬁt of 3

20 cogposd tanbmacfbmecsanmdmgﬂsaemqromawa&rrt Oqlwef‘%élth ip tubes

coated qn a HVDS-tr c
t eﬁ%g}trgggqeegasemqséapdﬁ lﬁde%f :?nesd ] n% J)aﬁlbéso(g:i% at about the level o
el ged RERSInRIIer Rk kiR Biddni b thelgactar. sﬁmdewtoremiﬂetus |ahg1e top of

thernmal evaporation nethod u‘ndi a vacugm of Q e effluent
Tortlne auTprdavecing inemiiPRedywith i dDURF c3ATERe ‘%ﬂt?ere%f ¢y1he efflu

Vs 2and.uh | kBard®r.-Th
Aol el el g HER I e BRARRFurdlor This
25 &@I@hrater mdawwl dhenvienepsmatetied to flewdha veuirand i) hadioggron

\rN: ggl,ggd( q%\p\éf slgpaégtgg rogﬁlr(])%nﬁ: 1qub<f %Qalﬁi ’%]t tvx%eg’eﬁﬁlja{ed liquid phases

CONRIPintd Ql'alvxa_mtdiéﬂ"&ﬂ&bﬁér@bbtﬂ@eﬁuddeﬁmﬁdgém 90 0OC so
the soli1ds dissolved conpletely. The resulting

sol ution was then knife coated,on a

HVDS- t r eat edsubstrat e, which wh$ held at 50 OC. After
being dried in air, gold top el ectrodes were patterned
t hrough a shadow mask using thermal evaporati on nethod
under a vacuum of 2x1 O 6 Torr. The hole nobility m was
calculated to be 0.07 cn2/Vs and the On/OFf ratio was
5x10 Exanple 17 - OTFT of BSFT-TI PS- An B5FT- Tl PS- An

and polystyrene were dlssolved |n n- butylbenzene at 90

oy .




i ndi vidual nelting points of the conponents. lonic
i quids can be defined as |iquids whose nake-up is

W@ 00083450 conpri sed of ions as a conbi nati on OPCTYHS10081684129
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20

25

and ani ons. The nbst common ionic |iquids are those
prepared from organi c- based cations and i norganic or
organi ¢ ani ons. The nbst commbn organic cations are
amoni um cati ons, but phosphoni um and sul phoni um

cation T

v di ol B R R RattBP s AR P IR (50 mL
c (bmmﬂlmnbus(ﬁthlmmhmaamu@m tb amlotmlml dbmtetarand rlmtgth of-~3
limted to, BF -, PF6-, hal oal um nates, such as 7-
amem AT euRclaye vdsd heps omgd. andaﬂﬂk%?ﬁ vt DfeeELeas P%%“% L.

car boxy, astt?fth@ R Rised AR 1 ceﬁfal?&r(@ontg Hﬁlgr@@{m% conjunct
catal ytically |nterest|ng I qui ds are those
d@bly\mml) dﬂd)dryalnn:memmre haﬂnp@tbmtcaﬂﬂé liguid iglenai @Blal(gawmeérsc

! sftee niigLpeiss wirehish A s RSt Cous Rt Eahet fme
| igigifl Gad st ¥B1500 VrPI'ne TheRedpAt&sSwok rédiebd tooavlow rate of 11
tenperature ionic [iquids or nolten fused salts are

t @amﬁbd)ujrfgn bath ﬁ@@gla@ﬂ)f@surm setiah P O pae i ydrggen was allowed

IO){H g r Ig@'tﬂ% Egas dere il’t(ogﬁg) %cto(f%o% Qm@crﬁ"e’[’%f%ﬁ feﬂg*r&ctor was

C hie@twad upo°tatrea stirt time, Hoeh he@nofind toaid limediagmhted infhe
1- al kyl pyr |d|n|un1chlor|de and alu nun1tr| hl or,i de, as

o IseRarhOl yeasls Pul R AN PReEon prhexang andyOpiciayipkwas

O hplvapt ents which discuss the use of fused salts

fron1a um numtrichloride and al kylim_ dazolium halides

as el ecAtrtbisyiogs, mavehesas: arhionicNissid produe botthes aysge connected to

4,463,072, .U.S. Pat. No, 5 104

e PP Ry Py S AR 2P PblR Rl AL Fach 24
dihatd fer and Riv preadsdt bofies Geat a&fdeatcyb@mm) néw lyldtdibemtei In
and/or at |east one qguat er nary annD um, phos

habialierodusts fromeifive fgbyleldperigrs wittecol Ct&%’trSﬂ’rﬁ%}q“@ng 4 continuous
react i 6856tk P BFerhtidli d
clBPAY z%@h%dgjﬁps)%hsel bgﬁgpeusg?aq%ﬁa@?éusab g a eurm1 num

cat al ysTig prodiots foheleacln gxfetdspemdow@wgrkeldnlp&s dollows:

enbodi nent, the |i qui athr.ate conpositi 0
fr om cohts li‘%’é‘h?@%ﬁﬁ”g?? FONAIRT SePaR cgg{un lgrfl%rrﬁil %el‘é]tary
t ré\JaPJ)ﬂaﬂr@'unaéﬂ \)acﬁﬁmlt@ asbv&@Be Bédahe-selubltsephrhted oolikalpolymer.

hal i de, al kaline earth netal halide, alkal
net al pﬁmmaiqudbproquratveqs watrgctechyvishihgrANg Ap fecover separated

guat ern hos nium s ry sul fonium
gy Py eGP EIeE o RE e s it BBRET Y e

f or egoi g&, f&mdal( bh-extratted @aﬁtncoprﬁylfaeomahe onhyldqud maﬁon
conpoun um num cont ai ni ng catal yst.s are ng the
mossEovsserhhhydsqlysis ool awed by FyEchion Néﬁ‘d}%ﬁ“"i Hﬁ”ﬁe,&m extract
Fri, F 8f donjuR PSSl MBS RRkElts
r ea%l| arg\%ﬁ ﬁéfﬂ)%&%t% ﬁl}enarc%‘%gﬁ/%lrgggder g:at eg%!ry 0

el eelowapbny Ithat nsusbef the vonjonct pelyerdr ovs r¢mevaddrag the ionic liquid.
al kyl ati ons. Other exanples of ionic liquids and their
net hods of preparation may al so be found in U S. Pat.
Nos. 5,731,101; 6,797,853 and in U S. Patent
Application Publications 2004/0077914 and

2004/ 0133056. As a result of use, ionic liquid

catal ysts becone deactivated, i.e. |lose activity, and
may eventually need to be replaced. Al kylation
processes utilizing an ionic liquid catalyst form

by- products known as conjunct polymers. These conjunct
pol ymers deactivate the ionic ll i quid catalyst by

form ng conplexes with the ionic liquid catal yst.

Conj unct polyners are highly unsaturated nol ecul es and
may conplex the Lewis acid portion of the ionic liquid
catal yst via their double bondsnetwork system As the

al um num trichloride becones conpl exed Wi th conjunct

poI yners the act|V| ty of the i on| c i qw d catal ysts

o oy o e



produce the hydrogen needed to saturate the double
bonds of the conjunct polyners. After hydrogenation,

W@ b@kgdsogenat ed conjunct pol ymers are renpveRCHysS2008/084129
sol vent extraction or decantation and the regenerated
ifonic liquid catalyst is recovered. The second nethod,
addition of a basic agent (e.g. am nes or anmoni um
chloride), simlarly breaks up the acidic ionic liquid
c %hx§t/conjunct pol ymer conpl exes as the basic agent
f OPMIE new conpl exes with the catalyst. The basi c agent

mpeddube careful ly chosen so t|IEt% iGonjumcpRolymef intlheCatalyst

cat&] YSt system under goi ngredgeneration. Ot harw se, the
ba5LT PRAGHY mﬁiilsinply ﬁeactlyate the catglsyst n the

TaisgPetaEs o> T PO et Y S e paone, Y

.l .ulgcllt Vi1 Icablt g Uty VVILIILj?deUIb

!vﬁﬂgﬁﬁPﬁﬁﬁdgsataiyst/cenjuﬂ t—polyrer—comiexes—{e—g-

y Yéfldlpteﬂﬂ‘jiﬂnrt pol ymer conpl gxes) but aJ_Sgi\ﬁq_t_h_an_y____

unbeldPeriedfi on (e.g. AlA3) | Therefore, tHe hasic

agent nust correspond to the basic parent species of

cicaging S Bhepedof ifa B friq BHLD OGS REREISPRES
ad@BEYIORS an amount sufficient to react with both

5 cations bound in the acidic ionic |iquid/ conjunct .
pol y meConbnpusxegsnarstion ﬁf)éi?ﬁdo@ﬁilﬂblﬁsc?‘tabﬁéﬁaf FTipd gt ina
conj un : RSB HrdGureePhe "Used”
c OBt D BT A TN A R B RreThe "Use
CcabnioMsqui® Cgtalydt @ed)in thos éxpleriynentematmnet k.4 e’ ocanpingispolymer
As an exanple, a used chloroalum nate ionic |liquid may
béYdWAtAE®d with butyl pyridiniumchloride to provide

10 butyl pygii gf'amstﬁpahﬁﬁiﬁ%r}haﬁlq%v&w (rtletizddn heeraulie press and
conj unct polymers and then 'the butylgyrldlnlum

t atavad hi 20/42ngsl)nedre chargedie acBht QB whular reactar. dihg reagtor was

full t t. tal.yst's. RV -
B s
sheht 601K fgse-zdkbis ectiical lydicated drantcagdeflow of Hey pbemantd atl>

of ionic liquids. as catal¥ﬁh%, gartigularby %n sure
allydhawi es stertack Newisa floweT hydrogen 3 300,165 IS beg s d4F Bres

15 79k u%”un?{ FEGHi Gy go@mﬁ{&né O Backipttishe GaEMME The

regenerati on pro RY Provided is a process
f qeact@genahat heatpdagradwatly ¢o b seppotht oA 893S 1A Abiwv 0 tgdpur of used

been deactivated by co nct . pol r r P
conpii8ag ety L piap eGP (B b B ey b ARy ipnie
Caf Rty Bdgan W BERItArodEh iRAREK Brel&iré re@nladdr. ADS.6iloNTum time, the IL
liquid catalyst is bound to conjunct golyners;

(.p)
r ety sh flowtretei veasi reduded e 4.8 athanipgtt 8 ﬁurélr‘tﬂﬁ“ﬁﬁﬁ’g?rgt gptalyst
to,free the, conjun I 0 [Mala] i QL
20 ¢ 2hcyf 585 VESIGRA B0 PRRRTE OO S8 B e I g was
angoriell osemahatTHgprodet botee dvas oeplaved withod freshradednriotile. In the

the catal yst phase, such that _the freed copjunct

pOngERSs thehriimR WaHEd 3eai 2he G e 5175 Skt 602 run hours
| N Aragt oM ihind B8rdifd 4 d310kh hobiRl lepéduRNBotAE Eo@RiRing ionic
deactivate It or accelerate its deactivation, b

s oliyaditatebystrandthydrocarpon ves ireplasgd evithy weshorlcabberfin Be mn was

packed cpl um. ther factors, the present process
25 i§xﬂﬂggﬁﬁ%ﬁaFﬁ@qﬁﬁgé§¥%V§npﬁg?&dissociation of the

conjunct polymers fromthe ionic liquid catal yst can
be easily achieved in a stirred reactor or a fixed bed
reactor, which allows the conjunct polyners to be
thereafter successfully rennvgg fromthe resulting
conj unct polymerionic liquid tal yst m xture by
solvent extraction in a stirred extracti on or packed
colum. Previous attenpts to renpove conjunct pol yners
fromthe catal yst phase by only sinple extraction

nmet hods wi thout reaction with alum numnetal first,
wi t h hydrocarbon sol vents such as hexane, decane and
t ol uene were unsuccessful. It has since been realized

. S o, . - o o L, o o




formed by concurrent acid-catal yzed reactions
i ncl udi ng, anong ot hers, polynerization, alkylation,

W@ y®bigast on, and hydride transfer reactions. BUNUs2908/084129
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pol ymers consi st of an unsaturated intricate network
of nol ecules that may include one or a conbination of
4-, 5-, 6- and 7-nenbered rings and sone aronatic
entities i n their skeletons. Some exanples of the

likely ner [

e SR 3P T R AL Rl 70

Pigresind fﬁtemera'ge @Fhepha8 2w \?If'zliBE‘B e gﬂ‘mhe dlhk eemparatusd was 100°C and

doubl e and conjugated bonds in intricate structures

c S RIEFHIFRGVES F&’latl on of cyclic and acyclic

skel et ] r was

cal 1 od e Sl RLFSHA Fron BRSNS perel A P22 BORP S o

oistsitatediby tlcr,antaar)n o ¢he uppeakealrocarbdiephase, akliewispimedor, and

mmhge saturat drocarbﬁ s. and garaffinic products
’§FI”9°rF CIPRFONEHAUERIA ict pol yrer s

deact i itk fori@NyGid W datk Fellotd Broiva i eslati 38y drbigyis Siwywad that the
conpl exes or sinply interact with the jonic¢c |iqui

caccavgrsd doni¢ fiavig e barkpnsyaddhrough HhedBiFpURKEontaiem 1.9 wive
b b f

S IR TP EER N AR5 e
S peit iguidreatahigt ivanicendvied by passirigahy m;nlc Wguid norticaepsly over

gonj ungrtrq r}ggtlfl%@ dgﬁ Frbtrirl.g :p%p%mceegpglrega%’e afd h?(\{\{ioéenagailsda’t 100°C
aplgts)ggb g)l)érl di ni um hept achl oroal um nate. Conpl ex

formati 8n weakens the acid strength of the catalyst,
decreases cat al yst actrvr ty, and eventually renders

catal y eff for i ' .
o Sl P P L B et onic
anghufl &hd1pst phdve li%lrfgfhsdﬂuhter-@ﬁirait);ﬁtkefﬂlﬁiolmnﬁ yis a
functi on of the concentration of conjunct polynmers in

the ionic liquid phase catalyst activity decreases as
the cong %Q\Sr{tal étﬁr}ﬁnp a@l&'aj é&?ﬁ&tl&@&&lﬁﬁhﬁs 142416 8§RAfate conjunct
(Fbmever conj unct E ynmer is found

t pddEmére nﬁmﬁn thle at gehenatddhemc digeidenatedysb phasea Suelon cqunter-current

Therefor res ene rocess breaks up

t Heackeshs WBP‘Sp‘EﬁppVﬁ‘?éf th%?%l %@h%ﬁé%(‘@s £and renoves the
conj unch b sERisd icohfbm(# uiEcdtflNstphhdediy ifell 1ﬂhﬂ&e t(i;iportlon of the
thatthey are prevented fromre-entering Fe cataly

prme;ecmucoﬂmnn Ivilejarhydragatbion §ONNeRtHs f%‘én@é aPgdqm pﬁ*ﬁ@n of the
rz]ietrl(%a:rgéo(f mH rﬂ’r Sofl;urhﬁ] Ys%g}é %i @{tﬁ)\c{gg 19% ﬁ’r‘ﬁte‘rﬁf‘é&h as Raschig

eren I on of

' Oﬂ%g% tb Ifzﬁ:lﬂllztdteQBé altstion diypidalig, wbrﬂ:pumclbmp cbiqyﬂbqa@yﬁwaumetrlc
reacting this ionic liquid cata

reead 1Ry ooy GO RS b R BEEIEE] BRC hprcd t
| 1 el %I)tll%lﬁﬁlegé éuﬁtlortr Qr ﬁeﬁ;@ed nteRARGT ﬁ@&‘ﬁted(bﬁ 150°F and 200
conj unct "po s fromthe spent cat al Thi s
f emg tmhfwe@@ -Bhecaywjot pelymso Exirasiign £if f=¥ wisncheAftesrthe extraction,

%%g@(r:z?t% Sc{,]léqslgg% ?@/&%‘Q gﬁtgga axvngg?rng It/lgﬁe&otl#o\’lfﬁ%he column for

C ORLA1E badkQb Yiefectbf. ORe kbR elite@an@ling fdocatdatomgindt polymer
extrenely inportant because othermnsg he con unc%
pophyase isswithdrawn &iea theitop efibe eelpapyfes ugs‘ﬁrawpsh on of conjunct
rec I nteract with the catalyst and

ac @pgl o&ﬂﬂ &gg%E$P$%tlon The reaction is conducted
in a stirred reactor or a reactor with a fixed bed,
e.g., of alum num The reactiq occurs on the surface
of the alum numnnetal therefore, sufficient mxing is
necessary to facilitate mass transport fromthe liquid
phase to the al um num surface and back to the bul k

i quid phase. In one enbodi nent, the stirred reactor

is a continuous stirred tank reactor (CSTR). The fi xed
bed reactor offers ease of operation as one does not
need an agltator There |s therefore Iess unlt
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hydr ocar bons. However, previous attenpts to renove

conjunct polyners fromthe catal yst phase prior to
waeleoobosdsing, for exanple, by sinple extracti onPEEURNIS084129

wi t h hydrocarbon sol vents such as hexane, decane and

tol uene were unsuccessful. It appears that the

presence (or accunul ation) of conjunct polyner

nol ecul es in the catal yst phase is not sinply by

virtue .pf being.m sci in t foni. ¢l i.qu .
Wi 1 o O e BBl abd e 2B Y RS Ror suffcien
| | fhgbdiRial VElBLity RBIHWillahbge o'gﬁmwmeexnattmryatcopms@dlmer from
nos Iikel% caused by bei ng bound t hrough strong
i theregensraied canlySteARiBREPPYM S at her than being
SOl ubl Eajefiudefiind GHkdne bvibtich RIEREN ddHUHBed MohAGioRMiltS
not effective until the conjunct polyners are .

5 " ustafetrad katodiienin théreof, aniit! Hei appiediateat byl these skilledtinghe art that

been di scoyered th such extraction is successful

o RS SRR B 5 S o P Bt SRR fsifoed may
C ORI OWitRo R ASEA Hn g ROHTRe gﬁlrii Ael 4c8pebf BB ipreAtltiChs defined in
obtalned fromthe fixed bed or stirred reactor as

di he appandediblores. Hi gh separation efficiency is

achi eved, with countercurrent flow through the col ums
wor ki ng best. The packed columm is sinple, and with a
sufficient flow rate good enough contact is realized
to permt efficient and effective solvent extraction
of the conjunct polyner. The extraction packings can
be commonly avail abl e packi ngs, e.g., structural netal
packi ngs, Raschig rings or Koch-Sul zer packings. The
pur pose of the packing is to increase surface area for
contact and increase the efficiency of mxing. The
stirred extraction colum offers even inproved contact
bet ween the two phases, and takes | ess solvent.

Conj unct polymer recovery rates of at |east 80% 90%
95% or even 99% are possi bl e when using the

conbi nation of the reactor and sol vent extraction

col um descri bed. Wile the catal yst regeneration
process can be enployed to regenerate an ionic liquid
catalyst that is used to catalyze any Friedel-Crafts
reaction, in one enbodi nent the spent ionic liquid
catal yst was used to catal yze an al kyl ation reaction
bet ween i soparaffins and ol efins. As used herein, the
term"isoparaffin” neans any branched-chain saturated
hydr ocar bon conpound, i.e. a branched-chai n al kane
with a chem cal fornula O CnH2n+2. Exanpl es of

i soparaffins are isobutane and isopentane. The term
"ol efin" means any unsaturated hydrocarbon conpound
havi ng at | east one carbon-to-carbon double bond, i.e.
an al kene with a chem cal fornula of CnH n- Exanpl es
of ol efins include ethylene, propylene, butenes, and
so on. The alum num netal can be in the form of powder
(20-75 mcroneter), pellets (1-3 mm or al um num beads
(5-15 mMm). Alternatively, the alum num netal can be in
the form of granul es, sponges, gauzes, wre, rods.
.etc. The alum numnmetal may be in (1) macroscopic
form which includes wires, foils, fine particles,
sponges, gauzes, granules, etc. or (2) mcroscopic
form which includes powders, snokes, colloida
suspensi ons, and condensed netal filns. Wile the
ionic liquid catalyst is Iiberg%ed fromthe conjunct
pol ynmers after the reaction and’extraction steps,

al um num netal may be present in the catal yst phase
maki ng it necessary to filter the alum numnetal from
the catal yst phase in order to recover regenerated
ionic liquid catalyst that can be recycled to the
process which exploits the catalyst. It is also
desirable to filter the ionic liquid catal ystal um num
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It is not necessary to regenerate the entire charge of

catalyst. In sone instances, only a portion or
w@iopesueam of the catal yst charge i s regener aP€HUS1008/084129

those instances, only as much ionic liquid catalyst is

regenerated as is necessary to maintain a desired

| evel of catalyst activity in the process in which the

ionic quuid is used as the catalyst. Any type of

| 0N, kqﬂhqlga%alyst may be regenerated according to

the process of the present invention. One exanple of

an ionic liquid catalyst is an am ne-based cationic

speci es m xed th alum.numchl|oride like .

1- alky! - PPFPGFHIoE mgeﬂtratu&%wpwdt%uf sai@lpistaghich has been

L Dadavdhott by BOPRRRUGRARI nate. Pref erabl y

the ionic I|qU| yst 1s'selécted fromthe group

conS| st | (ﬁbpmﬁ/ldl% mhioomdalmdweﬂayﬁ, wherein dt ilepsi dpativabfgie ionic

ar b sub tituted pyridinium halide
ntxe Qg‘?ﬂsg?ﬂﬁﬁ R%PP ?d??&e or a hydrocar by
subst i t UbP ebat it Lhehe @brie My @i dadlydnivith Bluintih 6| rdthldS free the
preferably in 1 polar equival ent

hy dfosEae bl Empstirany thed oy diqgidrhataky sh i @ stiTesyreactor or a fixed bed
hydeoga: Byy substituted im dazolium halide to 2 nolar
equi va énts alum numtrichloride of the genera

f or mul as(c)ﬁseqoamtlﬁg theecsnpambt petyyer @omhhocaalysiphasity solvent
i oni st c risin n al kyl substituted
pyr‘?"g‘ %\‘n‘l‘“@tﬁ? ﬁ&ﬁp%ﬁ Ui‘ﬁ“ﬁﬂﬁ'? Ychl ori de or an

al kyl substituted |n1dazol|un1chlor|de and al um num
trlchlorlde preferably in 1 nolar al kyl substituted
pyrd-di ni The ieheass heferding i dgim subleréin theesstpanatiogstep (@)m
chl, I s of al um num

tri ig{]rlil%?aft%‘g fgl 44%5 re:a%gr ?I ﬁ;b)rml as A and B,
respectively; (A (B) and ntxtures t hereof, where R=H

met hyl, eth but pe tyl hexyl group
and X is ﬁ‘a)FB“g gﬁyﬂ%éoa Bn r& %‘PHU?‘?SQVCM lsahydrocafbon

chl oroal um nate, and R and R2=H, nethyl, ethyl,
propyl, butyl, pentyl, or hexyl group and where Ri and
R2 4y thermgcascaccbsimglm daine3, wieeeifi dhel wolvenyisexlaned émm the

are_provi e further illystrate nbodi nents .of

¢ herBiEddsitn Beedtidnt hepne AEbRE, Gelad GFORT: pebutne, Sobutane,
i | lisspenahé,\vad namtumheﬂet)ﬂn ting. EXAMPLES Exanple 1:
Reacti on Shake Test A reaction shake test (i.e. batch
reaction) was conducted where ionic |liquid catalyst

gggtn"[é}{t%gﬁ?c Eger ? togd %%l&wuwtfﬁ*}ié&g})@ Bﬁ]ﬁtgﬂﬁg ®fionic liquid

Catwtay)s:t a@érah@extfdaﬂngstaﬂm @haspedimimm metal Guintthe ionic liquid
catalyst contai ning 6.4 weight % conjunct polyners

BY4 grams) was conblned wth 8 granms of al um num
pomder in a 300cc autoclave reactor. No sol vent was
added. The reactor was seal ed and the conj unct
polbyner -Iherredens argording t© dlaigul, avheaiamthesoniadiqui aatrlyst bras been
po 000C for 1.5 hours, while
be%%f taovtlﬁ az)fgeglaéﬁtegglr @if‘u Kdal g O% roduct was t hen
subjected to the extraction shake test described in

Té? le 2: Extraction Shake Test The

uct %?Cé%‘l%@ i G ceherrip Hed icdel @@f@reactl% is

exgﬁgwaﬂdans In each extraction, 18 grans of n-hexane
wer e added and shaken to thoroughly m X the catal yst
and sol vent phases. Table 1 lists the weight of
conjunct polyners renoved fro he catal yst phase in
each of the five extractions and the total weight of
conjunct polyners (CP) renoved fromthe catal yst
phase. After the extractions, only 1.3 grans of
conjunct polyners were present in the origina
catal yst sanple. Thus, approxi mtely 82% of the
conj unct polymers were renoved fromthe ionic liquid
catalyst. TabIe 1 The average partltlon coefflclent of
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stirred tank reactor (CSTR) node. The reactor is a 300
nmL autoclave with dip tubes to introduce gaseous and

WO p@afogb4seact ants. The di p tubes open at aboutPE@TES2008/084129
| evel of the stirring inpeller near the bottom of the
reactor. The reactor outlet is at the top of the
autocl ave and is equipped with an "in-line" screen.
Fromthe reactor the effluent flows to a back pressure
reggl ato ' hree_npha .ator.. This
ephi at of "EPieblsdihg ol T0uRABSERERHS) B wonl B
a veortduated i) bitghlbocaninaoud stimed dedcorbe separated from
ionic liquid catalyst. The two separated |iquid phases
flow into individual tared collection bottles under
ni tyogenak ! : :
Char ged mn S0 s RrRE R QP iR MR IhRL it is sclecied
al ufrfPmuhe ewualcongimgedt to a nominal di ameter and
| engt h of -5 .The.aut ocl.gve t hen.cl osed and .
pur ged v FROAAAS Gt Rl Rl comi it s B @y qubstinted
us eplyridimium Halidel ntlx&binal sdlufm@m aidhldie®r 4 tifbcarbyl substituted
conjuact pol yner) and drg@hexane were punped into'the

i giigazokiugy angsalywpipgm ichlpride preferablytied mala qquivalenahydrocarbyl
wer : : £ |

hor P el RaRIEH R B YRR i dgfae 02
r at melanequ valenis ekithimom ari¢Hianider @fttire génetlal fomaim/ Aand Bf or
bot h mat.erials. Pressure was set at 300 psig. Hydrogen
wasHCBREY to trickie through the gas inlet into the
reactor @ghldroaR@iThatd &t 1i NRat i
100C. . I n a short ting?n%ggﬂaﬁgggﬁgﬂgﬁ%ﬁﬁgniclgﬁgﬁgsnuwd
appyaidiriumchicrisle sag alumionm ttighetide dnanl alkyl pubstiduted ohidazolium
sep, ' nd .1 oni.c |,i qui d s ,achieved. At. .
¢ e R RIRROR AL PR Y ol BuiRfed pyricinium
bot dhl@idewe ratkyt eubsdati&bintidadoliemuhidridend 2trhdlaf équstalankebd
period. was S%ﬁfled' After 24 hours, and once _each 24
hotWnipumiricpleride of thy, esperalformplas A and Rapweatingdy t o

begin a new yield period. In total, products fromfive
full yield periods were collected, representing a
cor®nuous run of 120 hours. The run was terninated

after 120 hours of operation. The products from each
yield period were worked up as follows: The hexane

pr od i ch contains separated conjunct polynmer was
orated under vacuumto recover the

hexjane- soljubl e separated conjunct polynmer. The ionic

[ uct was extracted with hexane to recover

separ conj unct polymer which remained in the ionic
liquidy The residual, un-extracted conjunct polymer in
the iomic Iiquid was recovered by hydrolysis, followed
by extRaction with hexane. The hexane extract was

rotary evaporated to recover the actual weight of
conjunct polymer. Results bel ow show that nost of the
corfBlunct pol yner was renoved fromthe ionic

liquid Table 3 Exanple 5 : Regeneration of a Used

lonic Liquid Under Continuous Process Conditions
CDHF%QQS s regeneration of used ionic liquid catalyst

was car ﬁl ut in a mcrounit containing a fixed bed

of ghum humu er—Rydrogen pressure. The "Used" lonic

Li qui d Cg%ngg used in this experinment contained 16.4

wt % conj u pol ymer by hydrolysis. Six granms of

al um num netal powder (palletized in a hydraulic press
and sieved to 20/40 nesh) were ,charged to a 3/8" OD
tubul ar reactor. The reactor S connected to the unit
such that the alum num netal charge was in the

i sothermal zone of the three-zone electrically heated
furnace. A flow of dry n-heptane at 5 nL/hour was
started. Next a flow of hydrogen at 300 seem was

begun. The pressure in the unit was built up to 500

psig by nmeans of a back pressure regulator. The
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Exanple 6 : Separation of extractable conjunct

polynmers fromthe regenerated ionic |iquid catalyst
WEhb®eessi ng a counter-current packed col unm APCT/US2008/084129

counter-current, packed, extraction columm is used to

separate conjunct polynmers fromthe regenerated ionic

liquid catal yst phase. Such a counter-current packed

colum is depicted in the Figure of the Drawi ng. The

regenerated ionic liquid catal yst phase is fed into

the top portion of the extraction colum while a

hydm@qm&hﬁanﬁ@kugnt is fed into the bottom portion of
the extraction colum. The colum is packed with_ a

packhatg Rkt arathyl, ethwlnpresyiRhehipgniyl wgfsevagrpae Bnq ¥dp 8
th 0 , Y

car S asREalcr g Ky R m@R &R, bipolEBLEL ol Er hexyl group
sol andnwheroRiadi R, thaygen idayxadtdleytbd sdéheed ratio i s vari ed
to achi eve optinum separation, if needed. The col um
is operated at 150F and 200 psig to achi eve 90-95%
conjunct polyner extraction efficiency. After the
extraction, the separated ionic liquid catalyst is

wi t hdrawn fromthe bottom of the colum for recycle
back to the reactor. The sol vent containing recovered
conjunct polyner phase is withdrawn fromthe top of
the columm for further separation of conjunct pol yner
fromthe sol vent phase. The col um di aneter (D) and

| ength (L) can be easily designed for sufficient
superficial velocity which will ensure optinmm
extraction of conjunct polyner fromthe regenerated
catal yst containing polymer. Although the present

i nvention has been described in connection wth
preferred enbodi nents thereof, it wll be appreciated
by those skilled in the art that additions, deletions,
nodi fications, and substitutions not specifically
descri bed may be nmade wi thout departing fromthe
spirit and scope of the invention as defined in the
appended clainms. What |Is Clainmed Is: 1. A process for
regenerating an ionic liquid catalyst which has been
deacti vated by conjunct polynmers conprising: (a)
providing an ionic liquid catalyst, wherein at |east a
portion of the ionic liquid catalyst is bound to
conjunct polymers; (b) reacting the ionic liquid
catalyst with alum numnetal to free the conjunct
polynmers fromthe ionic liquid catalyst in a stirred
reactor or a fixed bed reactor; and (c) separating the
conjunct polymer fromthe catal yst phase by sol vent
extraction in a stirred or packed extraction col um.

2. The process according to claiml1, wherein the
separating step (c) inmediately follows the reacting
step (b). 3. The process according to claim1, wherein
the solvent is a hydrocarbon. 4. The process accordi ng
to claim3, wherein the solvent is selected fromthe
group consi sting of pentane, hexane, heptane, octane,
decane, n-butane, isobutane, isopentane, and m xtures
thereof. 5. The process according to claim1, further
conprising filtering the ionic liquid catalyst after
the extracting step to separate alum numnetal from
the ionic liquid catalyst. 6. The process according to
claim1, wherein the ionic |iquid catal yst has been
used to catal yze a Friedel-Cra&és reaction. 7. The
process according to claim6, erein the
Friedel-Crafts reaction is al kylation.8. The process
according to claim1, wherein the reaction in step (b)
is conducted in a batch or continuous stirred reactor.
9. A process according to claim1, wherein the ionic
l'iquid catalyst is selected fromthe group consisting
of : a chl oroal um nate |on|c Iqu|d catalyst conpr|3|ng
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