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DERI VATI VES BACKGROUND OF THE | NVENTI ON The present
WO pvenvioen rel ates generally to organic conpoReSGL009/000057
sem conductor applications. Organic naterials offer a
| ow-cost alternative to traditional inorganic
materials such as inorganic silicon and gallium
arseni de that are ﬁ@esent |y bei ng used in electronic

devi ce manuf act (RITRRENSIHIORIHHENEDERNVATIVES

conpatibility with plastic substrates renders them
i deal for conpact, lightweight, nechanically

flexible, and stpacteedNy omSiie | NEr@REdN oni ¢
devi ce designs. However, currently known

sol ution-processabl e sem -conducting polyners

t"MPé Cablrlés%fnftor d !ﬁ)&ﬁartfcgl?nslrgﬁgEegr olféﬁélga?l g\l;]vtoas'organic

for exanpl e, ge carrier nobi y an
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deposited in air. Thus, it would be desirable to have
an organi c sem conductor material that retains
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under anbient conditions. SUMARY OF THE | NVENTI ON
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#lpatiroiie| ddeeitect manaﬁacsunwg( OFET#ddigrigaialdy, their
'ééﬂﬁaé?%ifi@@ %& e%ﬂastic substrates renders them ideal
for -compact, lightweight, mechanically flexible, and
structurally inspiring electronic device designs. However,
currently known solution-processable semi-conducting
polymers typically afford poor transistor properties such
as, for example, 1low charge carrier mobility and low
current on/off ratio, when such semiconductors are
deposited in air. Thus, it would be desirable to have an
organic semiconductor material that retains desirable
semiconductor properties when processed under ambient

conditions.
SUMMARY OF THE INVENTION

The invention provides compounds that are particularly
useful when employed as semiconductors or charge transport
materials in electronic devices such as organic field
effect transistors (OFETs),‘organic light emitting diodes

(OLEDs), and organic photovoltaic diodes.



(OLEDs), and organic photovoltaic diodes. 1 WD
2009/ 105041 PCT/ SG2009/ 000057 In a first aspect, the
WO pavenojodn provi des a conmpound of fornula (I)PCBS&R/B0057
SSS R (I) whereinnis an integer from1l to 500,
inclusive; and R and R2 are each independently a
noi ety having an atomlength of from about 8 atons to
about 20 atoms. In some exanples, one or both of Ri
amd ®2 fmpthaaspect at Gime | Bmgt ofn f poovateat alOcatposnd of
b ut %ﬁéatons In sonme exanples, one or both of
é% ly have an atomlength of about 12 atons.
In the above formula, one or both of R and R2 nay
i ndependent|y conprise one or nore of a group
conprising: an alkyl, an alkgpyl aRal kynyl, an
am ne, a carbonyl, an e A

ether, a sulphlde ga S|/an~ and/ a thioate. In
some exanples \ d onpri se
a straight chained both R1

and R2 are dodecyl .

wherein
n is an integer from 1 to 500, inclusive; and
Rl and R2 are each independently a moiety having an

atom length of from about 8 atoms to about 20 atoms.

In some examples, one or both of Rl and R2 may have an atom
length of from about 10 atoms to about 16 atoms. In some
examples, one or both of Rl and R2 may have an atom length

of about 12 atoms.

In the above formula, one or both of Rl and R2 may
independently comprise one or more of a group comprising:
an alkyl, an alkenyl, an alkynyl, an amine, a carbonyl, an
ester, a carbonate ester, an ether, a sulphide, an
organosilane and a thiocate. In some examples, one 6r both
of Rl and R2 may comprise a straight chained alkyl. In one

embodiment, both R1 and R2 are dodecyl.

In some examples, n may be an integer from 4 to 40,

inclusive.



In some exanples, n may be an integer from4 to 40,
i nclusive. 2 WD 2009/105041 PCT/ S&009/ 000057 The

w@orspooeseds of formula (1) have suitably | ong PCT/SG2009/000057

side-chains. This inproves solution processability.
Additionally, the conpounds of fornula (1) have
substantial structural regularity. Advantageously,
this induces and facilitates nolecul ar self-assenbly.
Addi tionally, due to proper control of its extended

-conj ugation, an excel lent balance s struck between
ts#%r&%ﬂ

unden @5 FRAMUY ddd BRVEatEabdypilRgy side-chains.
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conductor materiraf conp a conp youhd
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conprising a conpound of fornula (1) as defined above.
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the steps a semcon Subst
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formula (I) as

In another aspect, the invention provides an organic
semiconductor material comprising a compound of formula (I)

as defined above.

In another aspect, the invention provides an organic
semiconductor device comprising a layer of an organic
semiconductor material, the organic semiconductor material

comprising a compound of formula (I) as defined above.

In yet another aspect, the invention provides a method of
forming an organic semiconductor device including the steps
of providing a semiconductor substrate, and preparing a
nanoparticle suspension of a compound of formula (I) as
defined above in a solvent. An organic semiconductor layer
is formed on the semiconductor substrate with the

nanoparticle suspension.

Other objects, features, advantages and aspects of the

present invention will become apparent to those skilled in



defined above in a solvent. An organic sem conduct or
| ayer 1is fornmed on the sem conductor substrate with
w0 b@o/1esmpparti cl e suspensi on. Ot her objects, PEHSGLIO%P00057
advant ages and aspects of the present invention wll
beconme apparent to those skilled in 3 WD 2009/105041
PCT/ S&009/ 000057 the art fromthe foll ow ng
description and appended clains. It should be
Urtde rasit to ot o ovvey effq 1 Tdwaiing e St lppnicity artte sfpetided, claims .

appended cl ai.ns, and specific exanples, while _
i]gtgi T prs er%%’%%?weﬁ‘t‘%"%‘fert'h.e Ghitenttidh, flelowing
CH &y Pt MRYY, Oépx%éﬂl&’é&réﬂai)tﬂs onk¥q ¥§E'c9.'f§cdé?ﬁ;\gr%ﬁe%‘r]d while

nodi fications within the spirit and scope of f '
il ey | Prafisaedn emboddosntseadE| ythppatevention, are
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ffect transjstor (COFET) in, accordance wth an i _
:‘ﬁb‘g‘%ﬁfe‘?ﬂ Vb’]rﬂ h%eé‘?‘&%e%?aiih%én?PBﬁFeFFet02 thosg skilled in

aelargad ﬁled?qssre%ﬁﬁitﬂfﬂﬁ{e W Rfirgn OFET in
accordance wi th another enbodi nent” of the present

invention. FIG 3 is aflowdiagramillustrating a

met hod of for e #k .1%1\13 Clﬁ-ﬂad%% ice in
. F I
accordance w {%1 an er%%gl ment gp_t € presen
invention. FIG 4 is a graph showing a VD-1D
%acie” stic of.an . ) .
. 1s an enlarged cross-sectional view of an organic
field effect transistor (OFET) in accordance with an

embodiment of the present invention.

FIG. 2 is an enlarged cross-sectional view of an OFET in

accordance with another embodiment of the present invention.

FIG. 3 is a flow diagram illustrating a method of forming
an organic semiconductor device in accordance with an

embodiment of the present invention.

FIG. 4 1is a graph showing a Vp-Ip characteristic of an
organic thin film transistor including, as a channel layer,
a semiconductor thin film made of poly(2,6-bis(3-
dodecylthiophen-2-yl)dithieno(3,2-b;2',3'-d] thiophene) in

accordance with an embodiment of the present invention.

FIG. 5 is a graph showing a Vg-Ip characteristic of an
organic thin film transistor including, as a channel layer,

a semiconductor thin film made of poly(2,6-bis(3-



organic thin filmtransistor including, as a channe
| ayer, a sem conductor thin film mde of poly

W@ 2008461081 3- dodecyl t hi ophen-2-yl)dithi eno[ 3, 2PEF/SG2009/000057
2',3" -d]thiophene) in accordance with an enbodi nent
of the present invention. FIG 5 is a graph show ng a
VG I D characteristic of an organic thin film
transi stor including, as a channel |ayer, a
sodesyddddiomherhizn yil) dmtiddmad 3 , 2ol (22, 8-'bids £ B+ op héhe ) in
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accor dance MAth an enbodlnent of the present
|nvent|on FIG 6.is gr.aph showing a VD-1D
Fitsract ertisst fc FFaRth SBP&&HE% hiVe-fr| mheragsesdstic of an
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of the present (0% i‘on.
grla e tshieniolg , a-%GQID3chan&mh©pH§neq of ath OrgR8ks&ne in
thin filmtransistor including, as a channel |ayer, a
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suspensi on of poly(2, 6 bi s(3- dodecyl t hi ophen- 2-
yl)dithieno[ 3, 2-b;2',3"-d]thi ophene) in hexane in
add€or dAnde wit m@acpfenﬁb@wmt »f Vkhéo pcbsgatteristic of an

éﬂ*ﬁ%@ﬁ' OthRE J.IllrnEera)'l?l%%It -EJ ?ﬂcéut%t %%Ib%ISOW % %nnel layer,

nitions of "various ternB use
semiconductor thin film made from a nanoparticle

suspension of poly (2, 6-bis(3-dodecylthiophen-2-
yl)dithieno[3,2-b;2',3'-d] thiophene) in hexane in

accordance with an embodiment of the present inventiomn.
DETAILED DESCRIPTION

Listed below are definitions of various terms used to
describe the compounds of the present invention. These
definitions apply to the terms as they are used throughout
the specification unless they are otherwise limited in
specific instances either individually or as part of a

larger group.

The term *“alkyl” as used herein refers to branched or
straight chain hydrocarbon groups, comprising preferably 1
to 20 carbon atoms. Examples of alkyl groups include, but
are not limited to, methyl, ethyl, n-propyl, isopropyl, n-
butyl, isobutyl, t-butyl, pentyl, hexyl, 2-ethylhexyl,



descri be the conmpounds of the present invention. These
definitions apply to the terns as they are used

wa beodngoeut t he specification unless they ar ePCT/SG2009/000057
otherwise limted in specific instances either
individually or as part of a |larger group. The term
"alkyl" as used herein refers to branched or straight
chai n hydrocarbon groups, conprising preferably 1 to
20ephybon atwwsl, Exdepyés ofuraldayl gr odpsieicytl udesethttdecyl,

are n limted to thyl, ethyl. n-propyl,

A hsr oSSy LT SbhuR GO Y hurSTe et ytLiopk,gAoue may
Zbet tybtBxyl tut&d VY 269901 dRHDHE K64 SR8 0P099 one or more
hept non decyl, _.undecyl, dodecyl, tetradecyl,

[, |, . .
h%%la%&w?n%%t 58de¢redt fgapderipgent c lomgTaladHY lgr cwkrrile,
u sti ' td S e ' .
o PR KOS e LG OF polf L Vst bt S i gnetuae
abPwy| arej net| éiminad the hakealEyangrespsf sschstist @Fed CCl;,

| groups.imncl ar ot ljmted_to,
ﬁg%%%(l k{/:?:"grgﬂ%s :‘g??ﬁ'a@&s,g #3, CoErs, Cong; Goby, CFus.
@BhcFe; CABDF, COFtd, F, O HES, F.C/ HES F CBHK, cE9F19F, 1,  CF.CsH,,
Cl10F21, C11F23, Cl12E25, Cl14F29, C16F33, CF2CH3,
S, Gl EF26de, CEBSrin, CESE7FB;.  CBroCuHs,

GE2S 3, B2l L HES, cCRY, 2C1d4R3, o G Hobstityted alkyl
CFZ%%}%?, 2 1%1H31, “etc. or othe?rsu stitut esél laﬁlf(y? arry
9P HORRS seiehh azs 22 rme thiyy Heseyy 1, 22 e¢thlyy Hesyy]l, 2-methyldodecyl

LT R R T

methyldodecyl, and the like.

The term “lower alkyl” as used herein refers to branched or
straight chain alkyl groups comprising 1 to 6 carbon atoms,
preferably 1 to 4 éarbon atoms. Examples of lower alkyl
groups include, but are not limited to, methyl, ethyl, n-
propyl, i-propyl, n-butyl, i-butyl, sec-butyl, t-butyl,

' pentyl, and hexyl. A lower alkyl group may Dbe
unsubstituted or optionally substituted with one or more
substituents including, but not 1limited to, substituents
such as halogen, nitrile, CF;, CCls;, CBr;, CI;, C,Fs, C3F,,
C4Hy, and the like.

The term “alkenyl” as used herein refers to branched or
straight chain groups, comprising preferably 2 to 20 carbon
atoms, and containing one or more double bonds. Examples of
alkenyl groups include, but are not limited to, ethenyl,
propenyl, butenyl, penentyl, hexenyl, heptenyl, nonenyl,
decenyl, etc. An alkenyl group may be unsubstituted or

~



The term "l ower alkyl" as used herein refers to
branched or straight chain al kyl groups conprising 1

W@ o008/1¢4bon atons, preferably 1 to 4 carbon BEDEE2009/000057
Exanpl es of |ower al kyl groups include, but are not
limted to, nethyl, ethyl, n- propyl, i-propyl,
n-butyl, i-butyl, sec-butyl, t-butyl, pentyl, and
hexyl. A | ower al kyl group may be wunsubstituted or
ot icme 1y s ubsihs t it ecbdv i tine Ofie MObE  Fdlaet | tsﬁmgtituents
i ncl udin ut nat I|n1ted t.0, substituents such as
RS i (ML oger, GRS emr SROCIRe G, CarT
CAH9, and the Ilke. The term "al kenyl " as used herein
refers to branched or straight chain groups,
Sifpr F8¥Rg "gridnverdll yae weed) heardion ratfsnrs tandbranched or

d npl.&s of
AL oS CHSS AR PR P 20 carbon
ettivarsy,| an@ropenghnlbgtenylprpanﬁﬂiy&rlﬁbaehyhds Examples
hZEOtl?::L‘ns}%?liglt n&rfon s’orlndcé,q% 26{1’%} %%Anilchl k]in 1tegdr %% et){'lynyl
923009/ R OpFéﬁyﬂE&Y SU@§£¥ﬁerdiﬂé§€yﬁ¥¥3(”honynyl
ogen,

nDre substi tuents ected from h nitrile, and
dfemiNde. etRe téflmalalfer@mlyl 'gr@slms@aYheb@ mneflstiteted or

Jed 1 ou c rising
p raq1§rz to caf%P a onsgﬁgndgggn %F%lnfqﬁ$tltuents
(aehﬁﬂteed riixgime Itaimz_tsan,Examﬁleg, afndaltiyenylli kgr.oups

include, but are not limted to, ethynyl, propynyl,
butynyl, penyntyl, hexynyl, heptynyl, nonynyl
The terms “lower alkenyl” and “lower alkynyl” have

corresponding meanings to the term “lower alkyl” as defined
above. Examples of lower alkenyl and lower alkynyl groups
include, but are not limited to, ethenyl, propenyl, butenyl,
ethynyl, propynyl and butynyl. A lower alkenyl or alkynyl
group may be unsubstituted or optionally substituted with

one or more substituents selected from halogen, nitrile,

and the like.

The term “amine” or “amino” as used herein refers to a
group containing —-NH— or —NR—, whérein R may be an alkyl
group as defined above such as, for example, methyl, ethyl,
n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, t-butyl,
pentyl, hexyl, and the like. |

The term “carbonyl” as used herein refers to a group

containing —(C=0)—



decynyl etc. An al kenyl group may be unsubstituted or

optionally substituted with one or nore substituents
W(se(ioemmdl from hal ogen, nitrile, and the |ike.PdhgeG2009/000057

terms "l ower alkenyl" and "lower alkynyl" have

correspondi ng neanings to the term"l ower al kyl" as

defi ned above. Exanples of |ower al kenyl and | ower

al kynyl groups include, but are not limted to,

eltfhaenydempr o‘mmzy" buasenyheedet hgngin prepgnyl and a group

but ken kynyl group may be
§ﬁﬁ§f} éﬁ1gzgﬂbstituted wth one or

nor e substltuents selected from hal ogen, nitrile, and

the like. The term "am ne" or "am no" as used herein

rBter e b "FAIRBFF C AREETT fF 1989 SereNR refjeaiseit® R group

rgghggiﬁyhéﬂjﬁq -dJ'eup as defined above such as, for
exanpl e, methy ethyl, n-propyl, i-propyl, n- butyl

i -butyl, sec- butyl t- butyl pentyl hexyl, and the

li.ke. The ter n1"carbon as .used_her ein efers to a

i T o R (o B8\ RE50Eh T BehEE 2 growp
F%BH&XEKE&&OQﬁOS? The term"ester" as used herein

refers to a group containing -(C=0)0- or -Q(C=0)-.

The term "carbonate ester"” as used herein refers to a

OF P &Nt 8kl BHi gk C=04 O-yselhe 8l eLBBEYsaScySed group
herein refers to a group

containing —S—.

The term “organosilane” as used herein refers to a group
containing —SiR°R%°°~, wherein R° and R° may each
independently of each other be H, a lower alkyl as defined

above, or the like.

The term “thiocate” as wused herein refers to a group

containing —S(C=0)— or —(C=0)-—

The term “halo” or “halogen” as used herein refers to F, C1,

Br or T.

The term “nitrile” as used herein refers to the group —C=N.
The term “substituted” is intended to describe moieties
having substituents replacing a hydrogen atom on one or

more atoms, e.g. C, O or N, of a molecule.

As described herein above, the present invention relates to

compounds of formula (I), to use of such compounds in



containing -0-. .The term "sul phide" as used herein
refers to a group containing -S-. The term

WO o0gasrogi | ane” as used herein refers to a gr oREI/SG2009/000057

contai ning -Si RROO-, wherein R and R may each

I ndependently of each other be H a |ower alkyl as

defined above, or the like. The term"thioate" as

used herein refers to a group containing -S(C=0- or
-{eBr@ondudrt erapplhiadat’icats " hadw@entoasmustddber €ot their
refers to F, A, Br or I. The term"nitrile" as used
RFRFF3EfBts to the group -C=N. The term

"substituted" is intended to describe noieties having
substituents replacing a hydrogen atom on one or nore
REErRed. a5 bher cRmpeingds nolfedigmulas (Escvheedin one or

I'}%tq{ No b%\ie' rlicli]eRPr %%Q)’g %HV%@%Imonlérgéal'tlesoft %ro about 10
compounds  of 30t mif a ), 10 use of s H cofpounds TN
& M2 (X9 /akith 04 T PEECHE2 0D @i/ presfaraidueimatom length
%%glications, and to nmethods for their preparation.
AP I &% -conpounds of formula (1) wherein one
or both of R and R2 have an atomlength of from
about 10 atons to about 16 atons, and nore preferably
ar s anefagiad agte dbsucompoangiss of formula (I) wherein one

or both of R1 and R2 independently comprise one or more of
a group comprising: an alkyl, an alkenyl, an alkynyl, an
amine, a carbonyl, an ester, a carbonate ester, an ether, a

sulphide, an organosilane and a thioate.

Further preferred are the compounds of formula (I) wherein

one or both of Rl and R2 comprise a straight chained alkyl.

Also preferred are the compounds of formula (I) wherein n

is an integer from 4 to 20, inclusive.

Some examples of the compounds of formula (I) are shown by
the following structural formulas, but the present

invention is not limited to these embodiments.



Al so preferred are the conmpounds of formula (1)
wherein one or both of R and R2 i ndependently

w@eopno®el one or nore of a group conprising: BOT/8G0pH/P00057
an al kenyl, an al kynyl, an am ne, a carbonyl, an
ester, a carbonate ester, an ether, a sul phide, an
organosil ane and a thioate. Further preferred are the
compounds of fornula (1) wherein one or both of Ri
and R2 conprise a strai chai ned al kyl. Also
preferred are the conmpoungs of forrmula (1) wherein n
is an integer from4 to 20, inclusive. Sonme exanpl es
of the conmpounds of fornmula () are shown by the
followi ng structural fornulas, but the present
invention is not limted to thesg enbodi mrents. 9 WO
2009/ 105041 PCT/ SG2009/000057 S SSSn (la) 10 W
2009/ 105041 PCT/ S&2009/000057 S S\S SS (Ib) 11 WO
2009/ 105041 PCT/ SG2009/ 000057 g

(Ia)

10



SSSSn (lc) 12 W 2009/105041 PCT/ SG2009/ 000057 S

SSSn (Id) Conpounds provided by the invention are
wheeenemit er designated as "compound(s) of theCT/SG2009/000057

invention". It will be appreciated that the conpounds

of the invention may exist in the formof optica

i soners, racemates or diastereoi sonmers. The scope of

this invention enbraces all stereochemcally isomeric

forms of the conpou For 13 WD 2009/105041

PCT/ SG2009/ 000057 exahpl e, al though the conmpound of

formula (I) is illustr din an anti-syn

conformation, it should b under stood that the

present invention enbraces | other stereochemcally

isomeric forns of the compound of fornmula (I)

i ncluding the anti-anti confor ion illustrated bel ow

as an exanmple: S S S jAn

(Ib)

11



SS R R (l,) The term"stereochemcally isoneric
fornms" as used herein therefore neans all possible

WO e@aeeiogl f orms which the conpounds of the i NRENSGIHN9/000057
may possess. Unl ess otherwi se nentioned or indicated,
the chem cal structures, systematic nanes and
formul ae of the conpounds denote the m xture of all
possi bl e stereochem cally isoneric fornms, containing
al | di astereoner nd enantiomers of the basic
nol ecul ar structur\e. In particular, stereogenic
centers may have th R- or S-configuration. Conpounds
of the present inventipn are particularly useful when
enpl oyed as sem conduct or charge transport
materials in electronic davices such as organic field
effect transistors (OFETs), arganic light emtting
di odes (OLEDs), and organi c photovol taic di odes. The
conmpounds of the present inventyon when enpl oyed as
the active sem conductor in an qrganic thin film
transi stor may be 14 WO 2009/ 1050 PCT/ S&009/ 000057
used, for exanple, in organic and plastic electronic
devi ces including radio frequepcy identyfication
devices (RFIDs), smart lving glrguits for
liquid crystal ] ' '
component s- base

12



organic light emtting diodes (OLED) (i ncluding
applications in both the charge transport and
we@bmetiookum nescent | ayers), photovoltaic or SBCESG2009/000057
devi ces, photoconductors, el ectrophotographic
recording, organic nenory devices, BlIOFET sensors, as
el ectrode materials in batteries, etc. The
performance of organic thin filmtransistor (OTFT)
devices is principally based upon the charge carrier
nmobility of the\sem -conducting material and the
current on/off i 0. Accordingly, the idea
sem conduct or shoul\d have | ow conductivity in the off
state and high chargé~ carrier mobility (i . e . ,
greater than 1x10-3 cnm2V-Is-1) . Additionally, it is
i nportant that the sem -¢tonducting material is
relatively stable to oxidation, that is, a high
i oni zation potential, as oxigation |eads to reduced
device performance. Organic \sem conductor materials
of the present invention are easily synthesized, have
hi gh charge carrier nobility an ood processability.
The organi c sem conductor materials of the present
I nvention may be processed to form in, large area
films for use in electronic déyices. organi c

=

sem conduct or nate@ als/ﬂ%—gfe ' ntion are
oxi datively staple, ( to\\r et ai n, and
even inprove, t de |rab+ probe n

senm conductor devi there rom re

particularly, the or anlc

(I1d)

Compounds provided by the invention are hereinafter

designated as “compound(s) of the invention”.

It will be appreciated that the compounds of the invention
may exist in the form of optical isomers, racemates or
diastereoisomers. The scope of this invention embraces all

stereochemically isomeric forms of the compounds. For

13



15 WO 2009/ 105041 PCT/ SG2009/ 000057 sem conduct or

materials of the present invention have been shown to
w@bdoonesoexcel l ent thin filmtransistor (TFT) PCT/SG2009/000057

performance (e.g. field effect nobility up to 0.3

cn2V-1s-1 and current on/off ratio greater than

1x107) under anbient conditions when used as the

active layer in bottomcontact OTIFTs via a

sotanglen- pr sdébeoudhpr doetlur eomporrider ofdvdwtragdeus| yI)  is

n recautionary neasures such as, _for_ _example, t

e§% Jsé%%fvgeﬁfyHSFEtﬁP }_Synliﬁﬁ??oﬁg?glopequ+$edﬁxnﬂd' be

duridengs tedd cehbabrimeat ppliseht SWRERLY ont hembH @B 811 other

sem conductor materials of the present invention

A TP UHEFGR Y ot IPorisht 588s Af ghheh&PgRoERAr jofy formula

o) | {dyiudBhgeccyr hAPRY - QREOf Eoh@rRaltRodl 11119220 ated below

solution processability for | ow cost manufacturing;

aarl an ghkamplsyi | ity agai nst pol yner oxidation. General

Synt hetic Met hods The conpounds of the present

i nvention may be prepared by the nethods depicted in

the reacti on schenes shown belgow. The starting

mat eri al s and reag ’n | aring these

conmpounds are ei arci add

prepared by net

art. These schenes— ¢ of sone of

the nmethods by whichghe conpounds this invention

can be synthesi zed, arld various nodiffcations to

t hese schenes can be nmade and

y ilm t he

(L")

The term “stereochemically isomeric forms” as used herein
therefore means 'all possible isomeric forms which the
compounds of the invention may possess. Unless otherwise
mentioned or indicated, the chemical structures, systematic
names and formulae of the compounds denote the mixture of
all possible stereochemically isomeric forms, containing
all diastereomers and enantiomers of the basic molecular
structure. In particular, stereogenic centers may have the

R- or S-configuration.

Compounds of the present invention are particularly useful
when employed as semiconductors or charge  transport
materials in electronic devices such as organic field
effect transistérs (OFETs), organic light emitting diodes
(OLEDs), and organic photovoltaic diodes. The compounds of
the present invention when employed as the active

semiconductor in an organic thin film transistor may be

14



wi |l be suggested to one skilled in the art having
referred to this disclosure. SCHEME A: Preparation of

W@ 28980341 3- al kyl -t hi ophen-2- yl)-dithieno[ 3, 2PEQT/SG2009/000057

2',3" -d]thi ophene 16 WO 2009/ 105041 PCT/ S&009/ 000057
R\ + Pd(Ph3P)4 /| K2CO83 B 4W THE / H20 R Preparation
of 2, 6- Bi s- (3-al kyl -t hi ophen-2-yl)- dithieno[3, 2-Db;
-dl t hi ophene may be fulfilled through Suzuki
cfsl i nFareacHagp itor ndinl y orgegyicl: and plastic electronic

%Se&g eoRgLath ey 0 | F eaeniy, NEPIE el T aevices

Z@ﬁirtZGar8424d24%5ﬁbiﬁmicults for liquid crystal
5 Tetramst hyI 2- ( 3- dodecy

tdrﬁ 2- v §ETU S L oxbor oFSHBOPéPéﬁePaSS’Qns displays,
'\@&?anl@t eritgnt El e@ﬁiﬂ.tEiﬁB‘ erefioddal | Gy OL%S' | eNtinciluding
Kl aus; Baeuerle, Peter. Org. Bionol. Chem 2

?(Fﬁ)llCQBBLCQQ’é 11imre bp‘ébared:h@ccor@h’lwggeo t hgansport  and

T R A R M B RhiR 5 o ¥l Wices,

:bhdfoqﬁﬁduqnﬂnwa(éléﬂﬁWQFﬁﬁﬂméraﬁhiB recordlng, organic
dod h h -tetraneth
S S of RAEFET ECBRRERal Gif oF Lopbrads: pRterials in

wHdanatss, (k@ equivalents), then the flask is
evacuated and filled

The performance of organic thin film transistor (OTFT)
devices 1is principally based wupon the charge carrier
mobility of the semi-conducting material and the current
on/off ratio. Accordingly, the ideal semiconductor should
have low conductivity in the off state and high charge
carrier mobility (i.e., greater than 1x10° cm®v'is™?).
Additionally, it 1is important that the semi-conducting
material is relatively stable to oxidation, that is, a high
ionization potential, as oxidation leads to reduced device

performance.

Organic semiconductor materials of the present invention
are easily synthesized, have high charge carrier mobility
and good ©processability. The organic semiconductor
materials of the present invention may be processed to form
thin, large area films for use in electronic devices. The
organic semiconductor materials of the present invention
are oxidatively stable, and have been shown to retain, and
even improve, the desirable properties of semiconductor

devices made therefrom. More particularly, the organic

15



with nitrogen several tines to renove traces of air.

Pd(PPh3)4 (50 equivalents) is then added under the
w@embaetokon of nitrogen. THE/ H2O (vol une rati oPCBS@)009/000057

solution is bubbled with nitrogen for 15 mns, and

added into the flask. The concentration of potassium

carbonate in aqueous solution is 2M The flask is

securely sealed and stirred for 72 h at 95C. The

r%%mi¢qmdm¢u¢nrmateriabsled ther@UEBE@MD@MMHﬂﬁiOﬁHHhve been

ani c Ia epar at di l.uted wth hexane, and
t%}gn hash y %t?] alat Ceﬁ'ﬂ%mburtehlri? %@00@7"’1’0@@ or (TFT)
H@fﬁgﬁ@&m@o@@% Fredudc te fife cebtiyiad By $ePababi.an cp2y-ls?

t hrough silica gel colum chronato%{aphy mnth hexane
ARN4 hgusreRht on/off ratio greater an 1x10’) under ambient

d h t - b,
e s—.
chlg'FTs? zga(d a 2|-.=.|p1u@19:® EadocHped?. &Ercﬁc?geéim 1. 6/Further

1. 24 ,. . 0.88 (t, 6H). 13C
Chiailagdediid ) n Grecaici onarys Beagiass  fughs as, for
1é§>€laniplé.,24 t‘b 149 Puasl. &xy@éh 7, m&Ssthizl), c21.9 6 {AD, were
29. 5, 29 4, 29,3, 29.2, 22.7, 14.1. SCHEME

PreBii R oA OF iR | oV EcHi styarigagion. in summary, the
t by %ej)hlll:ogﬂdhla't%@o[rﬁaéeplgls Sordldd opheneh:R i Rention

FeCl13 / enzene
afford the following advantages. high charge carrier

mobility; large current on/off ratio in air; good solution
processability for 1low cost manufacturing; and high

stability againét polymer oxidation.
General Synthetic Methods

The compounds of the present invention may be prepared by
the methods depicted in the reaction schemes shown below.
The starting materials and reagents used in preparing these
cbmpounds are either available commercially or are prepared
by methods known to those skilled in the art. These
schemes are merely illustrative of some of the methods by
which the compounds of this invention can be synthesized,
and various modifications to these schemes can be made and

will be suggested to one skilled in the art having referred

to this disclosure.

SCHEME A: Preparation of 2,6-Bis-(3-alkyl-thiophen-2-
yl) -dithieno(3,2-b;2',3'-d]l thiophene

16



Rl R1

Pol y( 2, 6- bi s(3-dodecyt hi ophen-2-yl)dithieno[3, 2-b;
W@2008/1050al{ t hi ophene) may be synt hesi zed from i PGI/SG2009/000057

correspondi ng nonomer,

2,6-Bis-(3- dodecyl-thlophen-2-yl)-d|th|eno[3,2- b;

2',3'-d] t hi ophene, by FeCl3-nedi ated oxi dative

coupling polynerization in chlorobenzene. Step 1. A

slurry iron (111) ®&hloride (2.0 nol) and
chl o e (15 i s addeg BOVEQDa
| ut ion rfﬁﬁallJnmuf
E15 Sml ) X The-pol yAEr Hgpl U
stirred for 36 h at 50C, ile dry oxygen bubbl ed

t hrough. The black mixture is washed with wdter to
rennve excess FeC 3 to give a dark green-black

®tibi S is stdgred w th 2G5 of- 0670 -thla.%pwgn 2-yl) -
200 105041 PCT/ SG2009/ 000057 aqueous annDnla and

cdﬂfd?m[@er?ebf &' 30 Bl isphessm magnpe afutéitbed through
%? #Hiegggzggg %Q%Eéﬁgﬁ solution which is
sev

iTes Wi th wat er and dried over MySO4.
Renoval of the solvent at reduced pressure gives a

rk purple oI|d Purification b Soxhlet ext.raction
vaa hextats QP waRid aryi Y SreTRne (Frey,

X B@@aynﬁhdrew D.; Holmes Andrew B. Chem. Commun.
PoI ,'6- bi s( 3- dodecyth Phen 2-y[ ) di t hi eno[ 3, 2- b;

- ?d] {2 2t R4 MVR (BU0NL raopein)] @ 7( BZodecyl -
1%6 en 2768')5 (§}837?2|_|)d1cgca7b%1(&.ane |_|)[C1:]E£m§e%r (br enég_b Mena-

Osterltz, Elena; Pschierer, Neil G.; Muellen, Klaus;
Baeuerle, Peter. Org. Biomol. Chem. 2005, 3(6), 985-995.]
are prepared according to the respective published

procedures.

Step 2: To a Schlenk flask is added 2,6-Dibromo-
dithieno([3,2-b;2',3'-d]l thiophene (1 equivalent), 2-(3-
dodecyl-thiophen-2-y1l)-4,4,5,5-tetramethyl-
[1,3,2]dioxaborolane (1.1 equivalents), potassium carbonate
(10 equivalents), then the flask is evacuated and filled
with nitrogen several times to remove traces of air.
Pd (PPhj) 4 (5% equivalents)' is then added wunder the
protection of nitrogen. THF/H,0 (volume ratio: 3/2)
solution is bubbled with nitrogen for 15 mins, and added
into the flask. The concentration of potassium carbonate
in aqueous solution is 2M.. The flask is securely sealed
and stirred for 72 h at 95°C. The reaction mixture is
cooled to room temperature. The organic layer is separated,

diluted with hexane, and then washed with water. The pure
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(t, 6H). SCHEME C. Preparation of

pol y(2, 6-Bi s-(3-al kyl - thiophen-2-yl)-dithieno[3, 2-b;
W@2908/1030}t hi ophene) + a.. |3. PQdx}a} / (atdyPQT/862009/000057

slrov WL-3 Q-l ar oba~ne

Pol y( 2, 6- bi s(3-dodecyt hi ophen-2-yl)dithieno[ 3, 2-b;

2',3 - d]thiophene) may alternatively be prepared

through Stille coupling copolymnerization between

2>r@><Bic3: itsr igietehiylest dynaepbrdittibne tb®ughbsilica gel column

thio hene n
§H§: “ﬁ tg’l %e%?lne[ 3SythepelkeBshene. St tep 1:
268|str|rrethylstannanyl di t hi eno[ 3, 2-b; 2", 3
A’%Lt hi ophene | Frey, Joseph; Bond, Andrew D.; HoI nmes,
-é?ws CYdorrtdaPheno2 - Y30 -dpkbiepeds B -Rad "

HE- 'H_-NMR (300 cDC 7.22 (4,
4 4' ?Fg%decyl [2,2 ]8| tﬁ‘. ophene[lﬁ')akahasﬁ5 ﬁ/hsagum (
Mi@ul , 6. ¥ent(dr, 0;2Beki yughi (tH rMdki,; Kobaydshi 4H), 1.24 (m,

Ol ek YOZUGR 105041, PORLSE00g] 001 o o

AB6 . 9C;hem3oS@(; 26065, 128£83), 10980+ 1093 ]2 are1.9, 30.7,
prepared accordln to the respective published
Frlocedirles 295t pl 2] \T@% SScRPeftk PPask i2S-added-7. 14.1.
2,6-Bis- trinethyl stannanyl -dithieno[ 3, 2-Db;

, 3" -d] t hi ophene (1 equivalent),
§C51IEME 7 :0np- 4, Pregiadedecyl of2 p2lydi2t, I6i-Bilser(é -alkyl-
%CH*“ V ent% y].t)r Iélochtl%c)[BpBo%pEI n% (-%]r{?n.ophene

equi V2

RS RS
22
QJ Chlorobenzene "
R! R!

Poly(2,6-bis(3-dodecythiophen-2-yl)dithieno[3,2-b;2',3"'-

d] thiophene) may be synthesized from its corresponding
monomer, 2,6-Bis- (3-dodecyl-thiophen-2-yl)-dithieno[3,2-
b;2',3'-d] thiophene, by FeCl;-mediated oxidative coupling

polymerization in chlorobenzene.

Step 1: A slurry of iron (III) Chloride (2.0 mmol) and
chlorobenzene (15 ml) is added through a - 2-mm tube to a
stirred solution of monomer (1.0 mmol) in chlorobenzene (15
ml) . The polymer solution is stirred for 36 h at 350°C,
while dry oxygen is bubbled through. The black mixture is
washed with water to remove excess FeCl, to give a dark

green-black mixture. This is stirred with 20 ml of conc.
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tris(di benzyli deneacet one)di pal |l adium (2 nol t

equivalent ) and dry chl orobenzene (30 nml) under the
w@embaetokon of nitrogen. The flask i s securel RCESGLOL000057

and stirred for 48 h at 120C. After cooling to room

tenperature, the reaction mxture is precipitated

into a mxture of nethanol (100 ml) and concentrated

hydrochloric acid (4 m) and stirred for 16 h. The

RBEPIT apamonigo| padt eghlexeberiere Wiarh At hmhdbs at room

( or, 24 ri der, v fford .
t%uﬁeupl{eo dt-[f%t ?Pﬁ%‘?{g? r ian’ %%g\l#t %eEI %%li%fpogo%nez nrar gseO ution
oroissh sést iwarsdled/i sewendl antimeganvitiii ebhdeef faadd dried over
tra§nsi star (O:IiT?RéO in aicordance wi.th an enbodi nment,
d193%e prEERET ReenthonSPsVeRhodh. TEHECBREPTEFSUTe gives a

CRHH 5851 G818 el echiote ddich BB Soxd 1Rl d¥dfaction with
| ayer 14 formed on the gate el ectrode 12, and a

e cPEEt rodesaguent dndr ¥rAuel cdivigde B fadsedtba bulk
té@];,ngéie dielectric |ayer 14. A layer 20 of an
rgani c -

sem conductor material of the present
invention is provided as a channel |ayer between the

rce electrpde 16 and th drain e].ectrode 18.
R iy s e S herty SrpU G A o oA 3 -
vd Jevh i s¥heaie Jor ganinve | ebdogfit ecicpionansisstors A OEET) 289, 7.0s
in 20 WD 2009/105041 PCT/ S&009/ 000057 accordance
wEh Hhot rer”? enodi it of - @hellr esdht, ilm&nt (o 361, 0.87
showgyyThe OFET 50 conprises a gate el ectrode 52 and a

SCHEME C: Preparation of poly(2,6-Bis- (3-alkyl-
thiophen-2-yl)-dithieno[3,2-b;2',3'-d] thiophene)

Rl

mm}\ - By iy / (oi0bP
’ Sy Chlorcbenzene
R Rl

Poly(2,6-bis(3-dodecythiophen-2-yl)dithieno[3,2-b;2"',3"'-

dl thiophene) may alternatively be prepared through Stille
coupling copolymerization between 2,6-Bis-
trimethylstannanyl—dithieno[3,2-b;2',3'—d]thiophene_ and
5,5'-Dibromo-4,4'-dialkyl-[2,2'] bithiophene. -

Step 1: 2,6-Bis-trimethylstannanyl-dithieno([3,2-b;2"',3"'-
d] thiophene [Frey, Joseph; Bond, Andrew D.; Holmes, Andrew
B. Chem. Commun. 2002, 20, 2424-2425.] and 5,5'-Dibromo-
4,4'-didodecyl-{2,2']bithiophene [Takahashi, Masabumi; Masui,

Kentaro; Sekiguchi, Hiroki; Kobayashi, Nobuhiko; Mori,
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gate dielectric |layer 54 formed on the gate el ectrode
52. A layer 56 of an organic sem conductor materi al
w@boovheso4pr esent i nvention is fornmed on the gaP@r/SG2009/000057

dielectric |ayer 54 as a channel |ayer, and a source

el ectrode 58 and a drain electrode 60 are forned on

the organi c sem conductor |ayer 56. Referring nowto

FIG 3, a flowdiagramillustrating a nethod 100 of
ﬂmmMng;ﬂm1Enqghﬁ$h$enM@@@uum¢orTdmabké i Nokayodridancg. Am.

Bt G 1007 501 ns- 27 CEby” 1000 0Pt ROPRE™ pr 37Ee: Gifepared
Q{ccaafﬁarﬂgcazr@dttﬁeorres;@i@@ttﬁ&bepumlshea PHdcedures.

nanoparticl e suspension of a conpound of the present
invention is prepared in a solvent of reduced toxicity

as,. forpgexagpl eg-Alek kang Lavi ngi d romppRYt 6 s pis-
to about 20 <carbon atons (e.g. hexane, heptane,

(ﬁﬁkﬂﬁ&hxiaiﬂnnanﬂhn@m&hl@DCHQLQahy@ﬂoﬁdrdﬂt@IHPbenEhe (1
nanapartl lle s n ma e par ed Ne . ..+ -
(Yale % V|§§§ﬁ %Ptﬁggbnﬁdgtlgh% %ro és[%’%n%bltthPhene

qngmmmrﬁo)nduﬁbroh&y}er i shdopihtte onsgt M®1% equivalent),
sen1conductor Substrate with the nanopartlcle

LidgngacRieneBmRAa e | (R ARl valent )

Qﬁﬁfrbk§d &hlBr&SEﬁﬁSﬂée ﬁﬂ)thﬁ_fohheékngthéxﬁﬁﬂh§§:tlon of
is to be appreciated that the invention is not

Imrﬁncerﬁrto tThess ef bxsinpl @ sseeuepy es¢abedi apd stirred for 48
QpagﬁptﬁbbsE[CS After cooling to room temperature, the

reaction mixture is precipitated into a mixture of methanol
(100 ml) and concentrated hydrochloric acid (4 ml) and
stirred for 16 h. The precipitate is collected, extracted
with methanol (Soxhlet) for 24 h, and dried under vacuum to

afford the bulk product.

Referring now to FIG. 1, an enlarged cross-sectional view
of an organic field effect transistor (OFET) 10 1in
accordance with an embodiment of the present invention is
shown. The OFET 10 comprises a gate electrode 12, a gate
dielectric layer 14 formed on the gate electrode 12, and a
source electrode 16 and a drain electrode 18 formed on the
gate dielectric layer 14. A layer 20 of an organic
semiconductor material of the present invention is providéd
as a channel layer between the source electrode 16 and the

drain electrode 18.

Referring now to FIG. 2, an enlarged cross-sectional view

of an organic field effect transistor (OFET) 50 in
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21 WD 2009/ 105041 PCT/ SG2009/ 000057 Field effect

transi stor substrates were nmade using a heavily doped
woRdogpesosi | i con waf er as the conmon gate el eceeDse20a9000057

a 100 nmthermally oxidized Si02 | ayer as the gate

dielectric. The gold source and drain el ectrodes were

patterned in a bottom contact configuration using a

conventional photolithography nethod. A 10 nm | ayer of

tdacpridancfay iddedast- ey aitesiiorenayet flor ghesegnl dmention

j 02 e SL02 a of the wafer substrate S
fsil gs hoc%léj'angfdg © WS%J%{‘P%?aﬁﬁgp§6FﬁFi 8n 9(3‘ﬁﬁxfa&|eé’t5£%?o%z and a
sy feir dte Bedth B d1398 BydregeedesOxte) gabd theRtrode 52.
nodi.fied with aorganosilane by imersing the clean

viif RYER 13P nfoEheXxBnOIXSRNES ofeBiconductor material of the
Qeteddrd Ghlvmsidane (£Ihsd _errtkﬁé ég tﬁsel%tctrr?.h%mlayer 54

tenperature, thoroughly rinsing the substrate w

RSk ahechande - pappanokndhen shwmiagetegtmddr B8t andea drain
ou d drain el ectrodes were

%Zﬁ?tpebgie\?mo‘{cﬁ et yf%ﬁ‘%ﬁg c)glel"11 CaSEERPEd SREMGPRMF Py layer

reduce the contact resistance. The substrate was

i mersed into 5mM sol ution of octylthiol in ethanol

for nore than 24 hours, and then rinsed with ethanol

bref e iGRPOALYI NG t Begsem condugi 9y ld@é%rra.m':o{litrfg\%rating a
purpose of confirmng the device characteristics o
&MLghnl €0 sed it dr anatcgrdaali caceemiionpfuatain device in

SIS Sl IS8 BELULAE Bent on 1
2h@n. The method 100 begins at step 102 with the
provision of a semiconductor substrate. At step 104, a
nanoparticle suspension of a compound of the present
invention is prepared in a solvent of reduced toxicity such
as, for example, an alkane having from about 6 to about 20
carbon atoms (e.g. hexane, heptane, octane, etc.), toluene
or tetrahydrofuran‘(THF). The nanoparticle suspension may
be prepared, in one embodiment, via an ultrasonication
process. An organic semiconductor layer is formed on the
semiconductor substrate with the nanoparticle suspension at

step 106.

Examples

The invention is described with reference to the following
examples. It is to be appreciated that the invention is not

limited to these examples.

Example 1 Device Characteristics
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d] t hi ophene) i n anhydrous chl orobenzene (4ng/m) was
deposited on the nodified Si02 surface by
wa@lewpAeast i ng. The devices were anneal ed i n aP@BSGLNY/000057

oven at 160C for 45 mnutes and then slowy cooled to

room tenperature before evaluation. The substrate was

patterned with a series of 22 WO 2009/105041

PCT/ SG2009/ 000057 transistors with various channel

| engt hs (L) from 20 mto 100 gmand widths (W from3
trlcal ro ert es of the transistors .

m%ee %ha‘?é\%% etrl zerc‘la U -9 cr"fﬁreech"}ﬁd@o using a

Headi0ry adbpid Agtepe ﬁﬁf@cﬁh 81»%@1’ PL@Ci 8h8N common gate
I\/leasurenent Mai nframe at anbient conditions w thout

A HF Ay FrecartiOmm tehe skt ehdized 51l Jaygr as the
%eé’ﬂ&ed{épé'%@f(ﬂfosgfdﬁer tegca 550Lc0X 48N gy I(B%tllércj:'rg%r s were

[T ght. The obtain ts are shown in al
avaﬂtkﬂerrm@amrc fael doetbémct conaaskst ODanGEE'f)itIiDhI | ising a

qrput d fro saturtlon the |-V
curr%/vees 0 %I h p‘qﬁi?ﬁaogﬁgp B M5 r\’?giequ i OA @ .layer of
Witdgnidssatas-Tuded) ds thn ddhedin (ﬂéyé@%&ﬁ'@h’é%ém‘son Sio,.
show that field effect nobility of up to 0.3

V- 9301 siirdage Hhabhe WelRrpotyRskra-oivagafirst cleaned
%@Wﬂﬂr@%l&%%'@ﬂ%@&mo/ sulfuric aci énd 30%

-d] t hi ophene). Further, as can be seen from
g&yd;qggnepgr@mi@¢x aaﬂ|¢hen modified with organosilane by

immersing the clean wafer in 10 mM hexane solution of
octyltrichlorosilane (OTS-8) for 45 minutes at room
temperature, thoroughly rinsing the substrate with hexane
and 2-propanol then blowing dry with nitrogen gas. The gold
source and drain electrodes were modified with octylthiol
self-assembled monolayer to reduce the contact resistance.
The substrate was immersed into 5mM solution of octylthiol
in ethanol for more than 24 hours, and then rinsed with

ethanol before depositing the semiconductor layer.

For the purpose of confirming the device characteristics of
an organic semiconductor material according to an
embodiment of the present invention, a solution of
poly (2, 6-bis (3-dodecythiophen-2-yl)dithieno[3,2-b;2',3"'-

d] thiophene) in anhydrous chlorobenzene (4mg/ml) was
deposited on the modified SiO, surface by drop-casting. The
devices were annealed in a vacuum oven at 160°C for 45
minutes and then slowly cooled to room temperature before

evaluation. The substrate was patterned with a series of
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of greater than 1x107 is achievable with
pol y(2, 6-bi s(3- dodecyl t hi ophen-2-yl)dithieno[3, 2-b;
W@2008/1030kt hi ophene). It is concluded theref oreCt/kar009/000057
pol y(2, 6-bi s(3- dodecyl thi ophen-2-yl)dithieno[3, 2-b;
2',3" -dlthiophene) affords excellent thin film
transistor (TFT) performance (field effect nobility
of up to 0.3 cnRV-1s-1 and current on/off ratio above
rmhﬁé stedey vairtddi evdr icorsli dhaonse Wssngtdds W) from 20 um to
9/1059%} ggglsczgﬁ9/000057 used_as the active
el A0 B t EEP 0rg R EOt APn™TFj | m
tranS|stor (OTFT) formed through a sol ution-processed

procedure, in particular, using chlorobenzene as the
Farsaticafy rﬁrt@é}eretdﬁntoafgé@@sItyfanﬁe%pé@awrr@na;mracterlzed

é&s@&@é ugﬁc %%@r Ié@({)l 2 n setl%}:q_ | gg!i alf Agilent

reqU|re§ during device

ﬂﬂamaBonBPSboeSé’a‘@dnsuyonUI ¥e asonenst i OMaGlhframe at ambient
.6-hi s dodecyt hen-2- vyl )dithieno[3, 2-b;

o S S Kb O e Rt Rt TeRa b aifotate the

{2 tRf3 A W1 ZQn@arQQﬁuﬂkD”Erbﬁ-gex exake, Reptar@ient oxygen,

octane, etc.), toluene, or THE for one_hour was found

MmeiStama 1 Gth ikt or S ebteangdoyeslilss suspehoenin FIGS.
of aq.ga wrer nanoparticles. The field effect transistor

(FET) properties of the polymer nanoparticles were
characterized using a bottomgate, bottom contact

L 'J‘E%éghﬁéa@%éﬁé"e§¥ l qggﬁ%lstor (OFET) mobility was
computed from the saturation region of the I-V curves of

FIG. 4 using the following equation (1):

w 2
IDsat ZEZCHU(Vg _I/gh) (1) .

The calculations show that field effect mobility of up to
0.3 cm’v st are attainable with  poly(2,6-bis(3-
dodecylthiophen-2-yl)dithieno([3,2-b;2',3"'-d] thiophene) .

Further, as can be seen from FIG. 5, a current on/off ratio
of greater than 1x10’ is achievable with poly(2,6-bis(3-
dodecylthiophen-2-yl)dithieno(3,2-b;2',3'-d] thiophene) .

It is concluded therefore that poly(2,6-bis(3-
dodecylthiophen-2-yl)dithieno[3,2-b;2',3'-d] thiophene)
affords excellent thin film transistor (TFT) performance

1

(field effect mobility of up to 0.3 cm’v''’s™' and current

on/off ratio above 1x10’) under ambient conditions when
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configuration. The TFTs were built on an n-doped

silicon wafer with an octyltrichlorosilane-nodified
weed2Agsate diel ectric and oct anet hi ol - nodi f i eRCy®E6EZH09/000057

source/drain electrodes, the fabrication of which is

descri bed above in Exanple 1. A nanoparticle

suspensi on of poly(2,6-bis(3-

dodecyt hi ophen-2-yl)dithieno[3,2-b; 2,3 -d]thi ophene)

iuseduxnanehésapméparé@ybw ag tat bogtamAtahtset obrganic thin

DRl 2 Den LS dngrgy MEoRRER” Brphah) B 83 B nrocessea

Pradddasoni cibat past i @D, t egBehgt UER1EGEbANHEHE: as  the
The suspen5|on of the polyner nanopartlcles i n hexane

Szﬁﬁy%ﬂt) i FUHP T P AdeFsEued Y i Mco RYeSapct oslRanhsleasures
€o es ed

TGoor R ol eSS BT R sEEC ] it Plyn2d %&53 quiped,furing
tdevigrgg b tdatidn.l m transi stor  (OTFT) devices are
carried out under anbient conditions wthout taking
precautionary measures to isolate the material and

deadngase fr om ex@esuitd drp FdiesdaINygen, noisture, or
light. Electrical properties of the transistors were
characterized wusing simlar nmethods as were descri bed

I B 5 ; t hegysobt ai t (] _
éPCS 6 gﬁﬁé?ﬁﬁghe o?)anlc ??gpéﬁigié%fﬁﬁrgﬁggg?t%HOPhen 2
(@@Qtl}mq i3t )2'\}3682 ,@drfm]ttéddpfmnet heisatamatdldtane having

ﬁ% tion
grgl e ahb ut:t hse to ab%l{{tv%sb carblfalnc-:‘atoml“lsSI n qllixaexane,( Jr'Peptane
octane, etc.), toluene, or THF for one hour was found to

result in the formation of a purplish suspension of polymer

nanoparticles.

The field effect transistor (FET) properties.of the polymer
nanoparticles were characterized using a bottom-gate,
bottom-contact thin film transistor (TFT) device
configuration. The TFTs were built on an n-doped silicon
wafer with an octyltrichlorosilane-modified Si0O,-gate
dielectric and octanethiol-modified gold source/drain
electrodes, the fabrication of which is described above in
Example 1. A nanoparticle suspension of poly(2,6-bis(3-
dodecythiophen-2-yl)dithieno(3,2-b;2',3'-d] thiophene) in
hexane is prepared by agitating a mixture of poly(2,6-
bis (3-dodecythiophen-2-yl)dithieno[3,2-b;2',3'-d] thiophene)
and hexane (4mg/ml) in a vial in an ultrasonic bath at room
temperature for 1 hour. The suspension of the polymer
nanoparticles in hexane (4mg/ml) is then drop-deposited

into the TFT channels of the above devices and dried in an
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As prepared, the TFTs show a FET nobility of 4.2x10-3
cn2 V-1 s-1 and an on/off ratio of 103. After thernal
waeneabiomg at 160 C, the devices exhibited sipoi/Scmastooos7

i mprovenents in both nobility and on/off ratio. In
particul ar, these values increased to 0.16 cn2 V-1
s-1 and 106, respectively. These results are
conparable to the performance of the OTFT devices :
fcatari .cat ‘Bdef puarasshhgr ofertieneosgAnid obhides¢iillhedransisto
a in.Exanple 1. This_represents first. report of... .
hig -r%obfiie?’f‘ggﬁolayr r COTETs s abt célpg T rPRPRRUt  conditions
entHaed it dng bemigrasol srenty (hexaseresndep ankibedte the
conditiaons, in contrast to nost high-nobility polynmer

' cBOs ARViRSPeqlif?PR tFRLSEFR ort hatdP IsuHz e iy gen,
R el f gy figkcation. The description of the
preferred embodiments of the present invention has
been presented for purposes of illustration 25 WD

09/.105041 P 0Q9/ 57, .and .description, .but is_.

AU LESFAPLA000E7 A0 0550 P arirea
iundery | ofmibat h@ethols disschaaseddestribbl W@y Example 1 and
a recbi ated by thgse skilled in the _art that changes

PP R & S50 e AR SFOHBN LS JE&Sri Be@dsbdve
W thout departing fromthe broad inventive concept
thereof. It is wunderstood, therefore, that this
iTheenpreanis rfoteld nefédctt o-nadms parey cUOHET) mobility was

' t | S sed, .COV . odi fi ¢ati ons

R xS PO B sa Sy iR R cbbn e *Bv curves of
FIG. 6 using equation (1) given above.

As prepared, the TFTs show a FET mobility of 4.2x1073 cm? V!
s* and an on/off ratio of 10°. After thermal annealing at
160 °C, the devices exhibited significant improvements in
both mobility and on/off ratio. In particular, these

values increased to 0.16 cm’ V' s' and 10°, respectively.

These results are comparable to the performance of the OTFT

devices fabricated from a chlorobenzene solution described

above in Example 1. This represents a first report of
high-mobility polymer OTFTs fabricated from an
environmentally benign solvent (hexane) under ambient

conditions, in contrast to most high-mobility polymer
semiconductors which require toxic chlorinated benzene

solvents for fabrication.

The description of the preferred embodiments of the present

invention has been presented for purposes of illustration
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i nvention as defined by the appended cl ai ns.
Abbrevi ations M3Sn = trinmethyltin Pd(Ph3P)4 =

WO edopabdost (tri phenyl phosphi ne) pal | adi um Pd2(ehrsg80%000057

tri s (dibenzyl ideneace tone) dipal |ladium THE =
tetrahydrofuran 26 WO 2009/ 105041 PCT/ SG2009/ 000057

CLAIMS 1. A conpound of formula (1): SR S\ SSS
3ﬁ§§b%¢ wherein n is an integer from1 to 500,

i SEEiRPR il 2 note gHuindediepeigemthawstive or to

' [ at o ength of from about ato to
TEAEHY B ARy SRR Bhedd O gEULed, 2O L001 ne
agpwzc btdd dby Rkhasd sk21beseiantakomrtengiaht ehddg@® could
3$out 18eatons tqQ about 16, atons. 3. The conpound of

@i 2% nhéPei F¥ne TREBOIRELES Ri dgRETIREGhapeoyi®  without
ad &R HENH e Pbm 2R8It bEdadt 9RFentivdNecrPERRURG LAY 1t is
one of the preceding clains,
understood, therefore, that this invention is not limited
to the particular embodiments disclosed, but covers
modifications within the spirit and scope of the present

invention as defined by the appended claims.
Abbreviations

Me;Sn = trimethyltin

Pd(Ph;P), = tetrakis(triphenylphosphine)palladium

Pd;(dbda); = tris(dibenzylideneacetone)dipalladium
THF = tetrahydrofuran
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wherein one or both of Rl and R2 independently
conprise one or nmore of a group conprising: an alkyl,
waeoalibsmyl , an al kynyl, an am ne, a car bonyIPCHsG2009/000057
ester, a carbonate ester, an ether, a sul phide, an
or ganosi | ane and a thioate. 27 WD 2009/ 105041
PCT/ S&009/ 000057 5. The conpound of claim4, wherein
one or both of Rl and R2 conprise a straight chained
al kyl. 6. The. conpound of ctLarms5, wherein both R
and R2 are dodecyl. 7. The conpound of any one of the
preceding clainms, wherein nis an integer from4 to
40, i ncldssipsaind . ofATEAR ¢(19em conductor materi al
conprising a conpound of any one of the preceding
claims. 9. An organic sem conductor device conprising
a layer of an organic sen conductor terlal of claim

8. 10. A nethod of formng an rgani ¢ en1conductor
devi ce, conpr|S|n% FHO tor
substrate; pre rt cle su Qn of a
compound of an ne of Ei 'ms TN 7 i sérvent
and form ng an or c sen1conduc or Iayer on the

seni conductor substraRe with the nanoparticle
suspension. 11. The nmethod of form ng an organic
sem conduct or device of claim10, wherein the
nanoparticle suspension is )

wherein
n is an integer from 1 to 500, inclusive; and
Rl and R2 are each independently a moiety having an

atom length of from about 8 atoms to about 20 atoms.

2. The compound of claim 1, wherein one or both of R1 and

R2 have an atom length of from about 10 atoms to about 16

atoms.

3. The compound of claim 2, wherein one or both of Rl and

R2 have an atom length of about 12 atoms.

4. The compound of any one of the preceding claims,
wherein one or both of R1 and R2 independently compfise one
or more of a group comprising: an alkyl, an alkenyl, an
alkynyl, an amine, a carbonyl, an ester, a carbonate ester,

an ether, a sulphide, an organosilane and a thioate.
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prepared via an ultrasonication process. 12. The

nmet hod of form ng an organi ¢ sem conduct or device of
w@bk@omsb@ or claim 11, wherein the solvent is POESGI00HM0057

al kane having from about 6 to about 20 carbon atons,

t ol uene and tetrahydrofuran (THF). 28

5. The compound of claim 4, wherein one or both of R1 and

R2 comprise a straight chained alkyl.

6. The compound of claim 5, wherein both R1 and R2 are
dodecyl.
7. The compound of any one of the preceding claims,

wherein n is an integer from 4 to 40, inclusive.

8. An organic semiconductor material comprising a

compound of any one of the preceding claims.

9. An organic semiconductor device comprising a layer of
an organic semiconductor material of claim 8.
10. A method of forming an organic semiconductor device,
comprising:

providing a semiconductor substrate;

preparing a nanoparticle suspension of a compound of
any one of claims 1 to 7 in a solvent; and

forming an organic semiconductor layer on the

semiconductor substrate with the nanoparticle suspension.

11. The method of forming an organic semiconductor device
of claim 10, wherein the nanoparticle suspension is

prepared via an ultrasonication process.

12. The method of forming an organic semiconductor device
of claim 10 or claim 11, wherein the solvent is one of an
alkane having from about 6 to about 20 carbon atoms,

toluene and tetrahydrofuran (THF).
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