PLANAR CONJUGATED COVPOUNDS AND THEI R APPLI CATI ONS FOR ORGANI C ELECTRONI CS
FI ELD The invention relates to organi c sem conducting materials, their

pr epar at iwo 20BVd6eEs, and their application in organic elpegiscamnonoshgyi ces.
BACKGROUND Organi ¢ nol ecul es and pol yners with a p-conjugated backbone may
be applied in el ectronic devices,. including optoelectronic devices, e.g.

organic i gm.mmtwmchmtescom’mwslm CTHELIR APRLICRTIONS tFGRISI St or s,
menory cells and sensors. ared to _inor anlc sem conductors, organic
senm conductors may be proces? EFOEP§F§8 NIES and flexibl e devices with
| ow cost. Organic materials that have been used as sem conductors include
bot h sulggipyd and sol ution processed sem conductors, such as pentacene,
copper pttitat ocyani nes, hexadecaf | uorocopper phthal ocyani nes, full erene
based materials, naphthal ene carbodiim de derivatives, oligothiophenes,
pol yt hi ophenes pBIhyf Lugeartd dpage lediesl yveos gapéicy semacpingviclié ngas ed

COPOIY L e A, (RBOSOYLENe NI SnE) LERY. boed conobynts, SLf

Recently, a nunmbér gap polfynmers “have “been Such as
pol y [cmciangﬁ&adibheamhemak @@@1@e@|vat|ves t hereof, which nay be used as
a light absorption layer for organic photovoltaic (CFNO applications. Sone
of the known OEEEPiC sem -conductor materials have denonstrated

BACKGRO

Organic molecules and polymers with a m-conjugated
backbone may be applied in electronic devices, including |
10 optoelectronic devices, e.g. organic light'emitting diodes,
photovoltaic cells, thin film transistors, memory cells and
-sensors. Compared to inorganic semiconductérs, organic
semiconductors may be processed into large area and flexible
devices with low cost. Organic materials that have been used
15 as semiconductors include both sublimed and solution
processed semiconductors, such as pentacene, copper
phthalocyanines, hexadecafluorocopper phthaloéyanines,
fullerene based materials, naphthalene carbodiimide
derivatives, oligothiophenes, leythiophenes; polyfluorené
20 base copolymers, polytriarylamine based copolymers, poly (p-

phenylene vinylene) (PPV) based copolymers, etc.

Recently, a number of low bandgap polymers have
been developed, such as poly[cyclopentadithiophene] and
derivatives thereof' which may be used as a light absorption

25 layer for organic photovoltaic (OPV) appllcatlons. Some. of
the known organic semi-conductor materials have demonstrated
either good charge mobility for tﬁin film trénéistor (TFT)
application or good bower conversion efficiency for OPV
~application. For examplé see, Leufgen et al. Organic

30 Elebtronics, 2008, 9(6), p. 1101?1106 and Doi eﬁ él;

| Chemistry of Materials, 2007, 19(22), p. 5230-5237, wheré

n-tetrathiafulvalene derivatives, organic electronic:
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ei ther good charge nmobility for thin filmtransistor (TFT) application or
good power conversion efficiency for OPV application. For exanple see,

Leuf gen ewoab10/@s@ani ¢ El ectronics, 2008, 9(6), p . 110PCTHGB@MRdIBOI et
al. Chemstry of Materials, 2007, 19(22), p . 5230-5237, where
p-tetrathiaful val ene deri vati ves, or gani c el ectronicel enents and el ectronic
appar at lBlGIIIBIttEEI ramy el |a@pedra|mn$t soarta iddser ithedorjang cet al .

ot opor LIS G Zo%f’eoeccr&??%a% $arg s nsat G WOV 1 18998 and VO

2007/ 068618 mh gh relat1e 4,0 widirROisG nthel-anE &% rfcGHC a3@ conduct ors, and
organi ¢ sem conductors and their manufacture, respectively. However, there

is a stiAyopenided taf fauraiac ide vormpe usdgdsi Gieﬁ(ﬂry-ll?ﬁldé windh We- conj ugat ed
backionos, 00 1450 S HIE 0 oSMINY e dnentian g at es Lo

or gani c seni con ucting nater their prepar at| on e and their
appl i catdy@tdnts (H’sgaihgarﬁlcecsteﬁrﬁm:lomddl@‘tloﬁes afeC @rdiamd ct 0 one aspect of the
present invention, there js a provided a conpound of fornmula (1) : Arl=(Qu)

=Ar2 (I )SWé‘dé%t?r@ ang |tﬁ’€é|5eH‘&élﬁtflay?télr%bﬁeisﬁ’@tcé&"&lyunsubst i tuted,
subst anty@ldwe Pl analred {0 8 s@%’ﬁe%e@lle‘é%l”lt‘ég%‘%‘%hre'rnglev%ﬁfo'poB%L;'a)‘u%usEd to

one Or nore aromatlc
polymers with n-conjugated backbones for use as

10 semiconductors.
SUMMARY

The invention relates to organic semiconducting
materials, their preparation methods, and their application

in organic electronic devices.

15 - According to one aspect of the present invention,

- there is a provided a compound of formula (I):
~Ar;=(Qu)n=Ar; (I)
where

each Qﬁ is indepéndently a Subétituted or

20 unsubstituted, substantially planar 5 to 8 membered
conj@gated ring, optionally fused to one or more aromatic
" moieties independently'chosen, and may contain one or more

‘heterocatoms independently chosen,

Ar; and Arj each independently is a substituted or
25 unsubstituted, substantially planar conjugated aromatic
structure having from 5 to 50 carbon atoms, optionally
having one or more heteroatoms independently chosen, and is
optionally substituted by one or more substantially planar

conjugated aromatic structures independently chosen, and

30 | ‘m is from 1 to 20.



noi eties independently chosen, and may contain one or nore heteroatons

i ndependently chosen, Ari and Ar each independently is a substituted or
unsubst i twoDedlo/®agt anti al |y pl anar conj ugat ed aromati c PSTSGRe00800GaYI Ng
from5 to 50 carbon atons, optionally having one or nore heteroatons

i ndependently chosen, and is optionally substituted by one or nore
substantial ly pl anar aorgnlyadecerar anfattile strasemir dnverdependeritdne chosen,

and mis, from1 to, 20.1n an epbodi nent of t present invention, there is
provi ded-% %ﬁCQQRQHﬂéF§$a§Eﬂﬂ€f% S Ari, Ar2 and mare as

descri bed above, Ar , Ar4, Ar5 Ar6, Ar7, Ar8, Ar and Ario each

i ndependently is a substitutged or unspbstituted, substantially planar
conjugated aromatic st rmwfr@aﬂn@-{m Arg 0 50 carbon atons, and
optionally contains one or r & Jnflt er dat Oks i ndependently chosen, and j , k

, n, p each, independently, is # 0 to 20, According to another aspect
of the present invention, there Lgﬂprovided a conpound of fornmula (Ib):
a
F

where each Qu is independent]y ubsjituted or unsubstituted,
substantial ly planar 5,&8 L X g&%d thg, optionally fused to
one or more aronmatic noreties Andepend | y chosen, and nmay contain one or
nore heteroatons i ndependently chosen, Ari, Ar2, Ar3, Ar4, Ar5 Ar6, A
r7, Ar8 Ar and Ario

where
5 Qu, Ar;, Ar, and m are as described above,

Ars, Ar,, Ars, Arg, Ar,, Arg, Arg and Arig each
independently is a substituted or unsubstifutéd,
substantially planar coﬁjugated aromatic structure having
from 5 to 50 carbon atoms, and optionally contains one or

10 more heteroatoms independently chosen, and
j, k, n, p each, independently, is from 0 to 20.

According to another aspect of the present

invention, there is provided a compound of formula (Ib):

Ar7—L(Ar3)-_—Ar1—(Ar4 " Arg
J

Qu |
m, . :
Aug'“"(AUS)“AUQ"(/MB);%/\HO (Ib)

15 where

each Qu is independently a substituted or

unsubstituted, substantially planar 5 to 8 membered

3



each, independently, fornms a substituted or unsubstituted, substantially

pl anar conjugated aromatic structure having from5 to 50 carbon atons, and
opt i onal IWocon@s18 one or nore heteroatons i ndependent IPETSIGRGO00061 1 S from
1to20, j , k, n, p each, independently, is fromO to 20, and q is 1 or
nore. According to still another aspect of the invention, there-is provided
a conpounsh pfgdtordnitiand], Sort Lord ldry £usketdradiong tex yetrearatdnert iaspect  of

the invention, there is vi.ded a sem conductor device having a sem
conduct d¥O e c]dH{ (%‘é“talyc SR G Y RPETEEN O8S Rer B9 Sdescri bed.

Accor di r}geﬁ&dgagona—, flméé@ncﬁ}sﬁqg,t Hoddie present i nvention, there is"
provided a use of a conpound of fornula (I) (la) or (Ib), as described

above, in an organic el ectroni c device. According to yet a further aspect
of the present invEnti6az/ there Als, phovi dt%kra Adevi BEs.cdhr iagichd rao corrpound

of 19 MU 2 )i e i ) e 1551 AR o BRI DESCRAET) ON OF

FI GU ure cyc 1c voI t anmogr am ( corrpoun
recor dedsuhrstmrnhlairlqmgﬂjmlw \Motri"y uak ad teatamahititey |samuoiute hﬂxafng

| uor opho hate as supporting el ectrol scan rate of 50 rrV/s) using a
three el “}oﬁj Oco'fpf C&ﬁbﬁ"] M1siddY rpé)tg.fona ly contains one ‘or

more hetercatoms independently chosen,
m is from 1 to 20,

10 j, k, n, p each, independently, is from 0 to 20,

-and
q is 1 or more.

According to still another aspect of the
" invention, there is provided a compound of formula 1, 2, 3

15 or 4.




a platinumw re working el ectrode, a gold counter el ectrode, and a Ag/ Agd
in 3 MKCO reference el ectrode. The neasured potentials were converted to
sat ur at edwoapwmboiel ectrode (SCE) . Figure 2 displays senEsaRiabiogl a
structure of an organic thin filmtransistor device. Figure 3 shows the

vol tage applied on source and drain el ectrodes versus the current flow

t hrough source andarcaidingl ¢ct yedesnpVhes- bdpectharfacher iistvieatdbngonpound 1
based OTET on ,oct ade%ri chl or,osi | an &OTS)V.t reated p+-Si/Si,0 2 substrate
. Fi gur &8 Ehdvis IR W61% &g & SHpFered “oi s 8§ d E%and 'gafe e P68 T odes ver sus
the cur rMdudtew tireugkcs@uiee ndnd dbabbehecirodes (MventibdShs
characteristic of conpound 1 based OIFT on OIS treated p+-Si/Si0 2

subst r aterefing@des F idesh| ays 't he current-vol tage characteristics of an OPV
device with | TQ PEDOT : PSS/ 1/ C 60 Al (black Iine) (where ITO = indiumtin
oxi deg PEDOT = pol l.enedi.oxythi.o - PSQZ ROl st yre oni ¢ aci d)
and TGl PEDOT- PS@%%}OI}%&@%/ %é’o Xe Fd%pﬁgg‘eﬁ ??Feﬁ‘ﬁor?’fi Fﬁ&ﬁ%g??éfﬁ by AM .5
sol ar siimveattarony ttheare iist @rsiviigedf a5 seWbEma2 compiogmde of diosphags t he
current-vql tage char ristics of .an OPV devicge wi th configuration of

T PEDOE) PaPRSE. Ghiodtd S3FRr L PRSHREC Bel SonAOpRERE Gaon i | Luri nat i on
by AM' 8 5@lrah iy dhater, wwth an intensity of 50 mMWcm 2. Figure 7

di spl ays the current-voltage characteristics of an -

According to yet a further aspect of the present
10 invention, there is provided a device comprising a compound

of formula (I), (Ia) or (Ib), as described abové.

BRIEF DESCRIPTION OF FIGURES

Figﬁre 1 shows the cyclic voltammbgram (CV) of compound 1, .
recorded in dichloromethane with 0.1 M tetrabutylammonium

15 4hexéfiuorophosphate as supporting electrolyte (scan rate of
50 mV/s) using a three electrode configuration consisting of
a platinum‘wire working electfode, a gold counter electrode,
and a Ag/AgCl in 3 M KC1 reference electrode. The measured
potentials were converted to saturated calomel électrode

20 (SCE).

Figure 2 displays schematically a structure of an organic

thin film transistor device.

Figure 3 shows the voltage applied on source and dfain
electrodes versus the current flow through source and drain

25 electrodes‘(vu—I“) characteristic of compound 1 based OTFT
on octadeéyitrichlorosilane'(OTS) treated p+—Si/Si02

substrate.

?igure 4 shows the voltage applied'dn source and gate

electrodes versus the current flow through source and drain



OPV device with configuration of | TQ PEDOT: PSS/ P3HT: Conpound 3/ Al

anneal ed at 150C for 30 min., upon illumnation by AM .5 solar sinmul ator
with an iwbensidoyo1of 50 MW cm 2. DETAI LED DESCRI PTI ON Geoersakdop/osdodi ed,
organi ¢ sem conducting materials of the invention are conposed of two
conj ugat ed nol ecul ar backbones, in which the two conjugated nol ecul ar
backbonesl erterddagked/by1a) suhatrastieal by ipl afacohpbon8 wrepbeeadoren) ugat ed
ring, for exanple a quinoid-like group, as a bridge, as shown in formnula
(1) abo® Offve treahad my—Sir §dPur i@y afetreral |y resenbl e an H shaped

nol ecul ar structure, for exanple. Organic sem conducting materials of the

i nvent i g e e rdpiRE, JTRIRY | RIS &t ¥R MRS ARE 1Ry J3e hsed as
active layers for organic electronic devices, e.g. thin filmtransistors,
phot ovolGBY clestldes wighotld ERESKToES S /N1i/Ght /Al thlawk diooes, (wsmsy cel | s,

or sefs _Or.gani ¢ sem conduct qr., erials he inventian may be applied
25 acti vy ay ere SHgh SO Sl ces D 3ty ann de s thed,

exanpl e.p8ss =desanridigd o \sl fidid Praesent anvent i on provi des a conpound of
formula (1), Arl= g‘DL?Jb%/ neEAr_ 2 éD where each Qu is independently a

subst i t dtiét P Undtryth/ thitee CodBst AAPFEFRy L praharPart &1 BukenBei ed

conj ugat ntA[M&”.%h Osgaéltéxo%‘%ﬂ M AETeq, 4 ARE 1 HRAE AR G Ll I es

i ndepen n, and may contaln one or nor

Figure 6 displays the current-voltage characteristics of an
10 OPV device with configuration of ITO/PEDOT:PSS/P3HT:Compound
3/A1 (P3HT = polythiophene) upon illumination by AM1.5 solar

simulator with an intenSity of 50 mW/cm?.

Figure 7 displays the current-voltage charaCteristicé of an
OPV device with configuration of ITO/PEDOT:PSS/P3HT:Compound
15 3/A1 annealed at 150°C for 30 min., upon illumination by

AM1.5 solar simulator with an intensity of 50 mW/cm®.

DETAILED DESCRIPTION

‘Generally stated, organic semiconducting materials
of theAinvention are composed of two conjﬁgated mblecular
‘20 baékbones( in which the two conjugated molecular backbones:
are linked by a substahtially planar 5 to 8 membered
conjugated ring, for example a quinoid-like group, as a
" bridge, as shown in formula (I) above. The resulting-
structure may generally resemble an H-shaped molecular
25 structure, for example. Organic semiconductiﬁg materials of
the invention may be p-type materials or n-type materials
and may be ﬁsed as‘active layers for organic electronic
devices, e.g. thin film transistors, phbtovoltaic cells,
photo detectors, iight émitting'diodes, memory cells, or
30 sénsorsw4 Organic semiconductor materials of the invention
may be applied as active iayers through solution process or

vacuum deposition, for example.
: 6



het er oat ons i ndependently chosen, Ari and Ar each independently is a
substituted or unsubstituted, substantially planar conjugated aromatic

st ruct ur ewbaviogedipom 5 to 50 carbon atons, optionally RaYiISGz00M60061 NOr e
het er oat ons i ndependently chosen, and is optionally substituted by one or
nore substantially planar conjugated aromati c structures independently
chosen, and mis fsomekcird b2@ abavene térbediasent: tiheeatisnppevivdedsa
conpound of fornula (Ia) where Qu, Ari, Ar2 and mare as described above, s
Ar , Ar & SRmpound gf FOrguda Ald and Ari 0 each i ndependently is a
substituted or unsubstltuted substantially planar conjugated aromatic
structure having from5 top50=¢gfipom.atons, androptionally contains one or
nore het eroatons i ndependently chosen,” and i, k, n, p each,

i ndependently, is fromO to 20. For the purpose of illustration and w thout
| i mitati"d¥¢re«onmpounds of formul a (I) or (la) may have a nol ecul ar wei ght
(M W) range of from 300 to 300,000, and including any internediate value

or range thereinh é% @heg ngnl %%Bb%@l SO RV desa eempound of formul a

(I'b) : where eac Isin epen nt y a ubstltute or
unsubstituted, substantially planar 5 to 8 membered

conjugated ring, optionally fused to one or more aromatic
moieties independently chosen, and may contain one or more

heteroatoms independently chosen,

10 ) Ar; and Ar, each independently is a substituted or
unsubstituted, substantially planér conjugated aromatic
structure having from 5 to 50 carbon atoms, optionally
having one or more heterocatoms independently chosen, and is
optionally substituted by one or more substantially planar

15 conjugated aromatic structﬁres independently chosen, and
m is from 1, to 20.

In one embodiment there is provided a compound of

formula (Ia)

Ary —(Ar3>— Ary —(Ar4 )— Arg.
Arg —(Ar5)— Ar2 —{Ar6>— Ar1 0 (Ia)

20 where.

Qu, Ar,, Ar, and m are as described . above,
b

Ar3., AI’;, Arg, Arg, Ar7‘,4 Arg, Argvand Arig each

independently is a substituted or unsubstituted,



unsubstituted, substantially planar 5 to 8 nenbered conjugated ring,
optionally fused to one or nore aromatic noieties independently chosen, and
may cont ayo 200096019 N0r € het er oat ons i ndependent | y chosemrcTAGR009A0G61 Ar 3,
Ard, Ar5 Ar6, Ar7, Ar8, Ar9 and Ar 0 each, independently, forms a
substituted or unsubstituted, substantially planar conjugated aromatic

st ruct urs® AW f1NYMET ah@ 5@ cedhigar cat a®madnd eRiueRalrky ha@Ahgi ns one or
nmor e het eroat ons i ndependently chosen, mis from1l to 20,j , k, n, p
each, i dd@ferrdém 159, darbedmadomg 2endargtdonglivocorpdnsFepet RE pur pose of
illustratian i t .l L.QR . C ds formula (1b) my have a
nnleculgFm%éP%ﬁ%I%%FQ&#.fhpghégbggQ#Vo%ggg%ﬁfoa%EOOO,000, and i ncl udi ng any
i ntermedi ate val ue or range therein. For the. purpose of illustration and

wi thout limtation, d&,im,tpeecachpoundspehdkortiyl, ai@l fromay tangé.from 1l to
100, and including any internediate.value or range therein. In yet another
enboggnent of the "nv%ntion, there_s gro%id%d a co oung ag descri bed

aboveé having a lo Ya gﬁaBUEPSFeefgnﬁﬂ e §9)19nlﬁn n&teP Ysnbodi ment  of

t he invaniient ildhgr @ompopiheli ded raraonaoungd of faanmukay( hhve(bka) or (1b) as

descri bed above, wherein an%-one of Ar . , Ar2, Ar3, Ard4, Arb5,
L molecular weight (M.W.) range of from 300 to 300,000, and

including any intermediate value or range therein.

The present invention also provides a compound of

10 formula (Ib):

Amr—-—(AUQ)TWAH'—(/“h /MB
] k

Qu

m

AWQ-T;'(AJ5)"AU2‘-(/MB : /\Ho (Ib)
. n .

Piq

where

each quis independently a substituted or

- unsubstituted, substantially planar 5 to 8 membered
15 conjugated ring, optionally fused to one or more aromatic
moieties independently chosen, and may contain one or more

heterocatoms independently chosen,

Ar,, Ar,, Ar3, Arg, Ars, Arg, Ar,;, Arg, Ars and Arjp

each, independently, forms a substituted or unsubstituted,

20 -substantially planar ;onjugated aromatic,structure_havihg
from 5 to 50 carbon atoms, and optionally contains one or

more heteroatoms independently chosen,

. m 1is ffom 1 to 20r-



Are, Ar7, Ar8 Ar9 and Ario fornms a rigid, substituted or
unsubstituted, substantially planar conjugated aromatic structure. In a
still anovbeniogbodi nent of the invention, there is proPClsé2e09000mpound of
formula (1), (la) or (Ib) as described above, wherein any one of Ar . , A
r2, Avr , Ar4, Ar , Ar6, Ar7, Are, Arg and Ario fornms a bridged,
substituted or unsjybsk)tu}eqd esdidistamtdepeydehiabhay denjfugat el asomati c
structure. In yet a further enbodi nent of the invention, the substitutions
on Ari t3'%rio, may be one or nore el ectron donating groups, electron

wi t hdrawi ng groups or a conbination thereof. The conpound of formula (1),
(la) or (Ib) as defiined apowep ey forman H shaped structure. Wthout being
bound to a theory, it is believed that a conpound of the invention having
an Hshaped structure in a planar configuration nmay facilitate the
formation of 3-di FEHsitdfaIPWiRRse®istidddsirad lion ard WhtPve mol ecul e may

be fwly. j ed .&Qﬁ] afghla S ri f e
H shgépe lgrtg;yua;ttglﬁc{ne', Lsdm C rﬁfa%/r&bfg en(e??'l%ci (il%qf g!raﬁgﬁtg%e%mhg%%c%&ﬁtrgnd/ or
t ranspormte ifgham @hél .hackdbayee dfo famot B0, tBhd , OGP OWdds aofd time liuahiewt | on may

al so possess. | ower hi ghestaccupi ed- nol ecul ar, orbital (HOMO and
| onest - bt ee‘cﬂﬁ#q art eoiotralra(rlg@\/% C&éfgy | evel s, and possibly nuch

| ower LUMO energy | evels than conventional p-type organic sem conductors.
The | ower HOMO enerqyy drvelsrgse @thangesith@tion and without

limitation, g in the compouﬁds of formula (Ib) may range
10 from 1 to 100, and including any intermediate value or range

therein.

In yet another embodiment of thé invention, there
is provided a compound as described above having a low

bandgap (for example, 2eV).

15 In another embodiment of the invention)'thefe is
provided a compoundlof‘formula (I), (Ia) or (Ib) . as
described above, wherein any one of Ar, Arz; Ari, Aryg, Ars,’
Arg¢, Ar,;, Arg, Arg and Arig forms a rigid, substituted or
unsubstituted, subétantially planar conjugated‘éromatic

20 structure.

In a still another embodiment of the invention,
there is provided a compound of formula (I), (Ia) or (Ib) as
described above, wherein any one of Ar;, Ar,, Ars, Arg, Ars,
Are, Ar,;, Arg, Arg and Ar;p forms a bridged, substituted or

25 unsﬁbstituted, subétantially planar conjugated aromatic

structure.

In yét a further embodiment of the invention, the
substitutions on Ar; to Ar;g, may be one. or more electron
donating groups, electron withdrawing groups or a

30 combination thereof.



stability of the conpounds applied in organic electronic devices and the

| ower LUMO energy levels may |l ead to | ower bandgap (difference in energy
bet ween LWOROEVIYesHOMO) and nay, therefore, al so be benefPCTisS&Rof®p006t gani c
phot ovol taic (OPV) devices with high open-circuit voltage (V oc). For the
purpose of illustration and without limtation, a |ow HOMO may be <-5.1 eV,
while a | ow LUMD rine-toeompddindl ef. fsommlef (He f(@at)uroes (tThat asay, therefore,

be: prese compoun of th i nvent may include one or nore of:
(D P sl T AR B dosd ot JerABeo oo HavD SR Beare. (3)
even | OVMudeN.Q enem@bdevalks iangh14le v thardgap.orgdRinel Jk@e0f the above
menti oned properties can be hel pful to inprove the charge nobility for TFT,

light abgviqatiian élfafVIéhgeﬁ@y H-gbaped sdwictedey dinsido®lehiirci ency for OPVs.
Theseg pré)o%efr Odugiabt’s% ﬁf" Tie_LCEaftt@r Qah S6LEeGLI %n &f brol' gﬁggs?gg‘aliackbone

noi et es, ‘here6 I'n a "conpoun (la) or
(I'b), @x:den&m esanics va el |1d1ga Fetiween T$high sicdricudldl magabal lfallly
pl anarcoC?C{ g{lat ed structures rg}present ed by Ari an In the conmpound of

for mul a BF§% FIONFed Wby £3FHNES Foithied SHory tb6l€1§€h°5f LR and Ar2,

respect 'HLGA% JUrdtheict u@e , M 16N frdiyn b%”%e@xref%&%lSlf%?rt ichdeqks, such as a
fused aromati c noi ety or a heteroatom or both. In one enbodi nent, Q may

forma quigreitd-dni kedfoiretty anspoir tad rQUL o2 bagkbQne Q95aQether. The

10 compqunds of the invention may also possess lower highest-
occupied-molecular orbitai (HOMO) and lowest-unoccupied-
molecular orbital (LUMO) energy levels, and possibly much.
lower LUMO energy levels than conventional p-type organic
semiconductors. The lower HOMO energy levels may enhance the

15 stability of the compounds applied in organic éleétronid
devices and the lower LUMO energy levels may lead to lower
bandgép (difference in enérgy between LUMO and HOMO) and
may, therefore, also be beneficial for organic photovoltaic
(OPV) deviqes‘with high open-circuit voltage (Ve). For thé

20 purpose of illustration and without limitation, a low HOMO

may be <-5.1 eV, while a low LUMO may be <-3.0 eV.

Some of the features that may, therefore, be
present in'the compounds of the invention may include one or
more of: (1) H-shape planaf conjﬁgated structﬁre, (2) low

25 HOMO ‘energy levels, (3) even lower LUMO energy levels and
(4) low bandgap. One or more of the above mentioned
. properties can bé helpful to improve the charge mobility'for
ATFT, light absorption efficiency, Vec and power conversion
efficiency for OPVs. ' These properties may be‘achie?ed
30 through selection of bridge and backbone moietie#, and

substituents thereof.

In a compound of formula (I), (Ia) or (Ib), =Qu=

' represents a bridge between substantially parallel planar

10



where each X is, independently, C, CH N or P, and wherein each
quinoid-like noiety is optionally independently substituted by one or nore
al kyl , alwoxylo/soiaryl substitutents, or nmay be fused t @COSE2009/0nw6¢€
aromatic noieties . Further, each of Ari nd Ar in the conmpound of formula
(1), (ta)y or (Ib), as described above, generally forns a substantially

pl anar conjjugrited artrriturest meplndsent\did bhguiarheang -heund 10 @y one
theory, it is believed that the planar structure may .allow for better

i nt er actGIR NG B FFmileal (d wi N A SedOHned R andeAr ofTRicebdgy al so be
achi eveq, fyyf ergndygia Jﬂf @id §R8) HEat ePesagFéE"@ix}&lf.t rEct ey, f@r exampl e,

without- limtation and for the purposes of illustration, by neans of

bri dgi ngomitiahim cgec P rofmaree sAibistahdiets, such as, a fusedarylomadéigr oup as
sho in col ounrd al He st}%vvr{ﬁabove. Ar% therI way of ct&i.evi ng p[l}i s 1y be

t hr ough "SUEST (Ut iFDASFEET 08 §F BSER of ¥h &(?ﬁ'%)s?. *Bbsti tuefifY may be
chosen tfpdn @ tqdibe Idtlatieo Mdli eftigeda@notasAri and Ar groups. The
substituents rmay be present on any one of Qu, Arior Ar . The above bridgi ng
or substitution may |lead to reduced rotational freedomand may lead to a

pl anar conj ugat ed ar ofak| c struct)ﬁn';” %, and hehtg, may permt inproved

interaction of the=pkorb | s. : n itutuents may al so, for
exanpl e, enhance the %F¥cessability for devF; abrication. Ari and Ar2 are
can each independently be, without limtatidn afd for the purposes of
illustration, an aryl@uie ‘ Qu2 Qu3
X X=X =X
o) N /SI\
é R’ Rg
Qu4 Qub Québ

where each X is, independehtly,'c, CH, N or P, and wherein
each quinoid-like moiety is optionally independently

10 substituted by one or more alkyl, alkoxyl or aryl
substitutents, or may be fused to one or more_aromatic

"moieties.

Further, each of Ar; and Ar, in the compound of
formula (I), (Ia) or (Ib), as describea above, generally
15 forms a substantially planar conjugated aromatic structure.
Without being bound to any one theory, it is believed that
the planar structure may allow for betfer interaction of the
n—orbitals within each of Ar; and Ar;. This may also be
achieved by forming a rigid conjugated aromatic structure,
"20 for example, without limitation and for the purposes of
illustration, by means of bridging within each of the Ar; and
Ar,, 'such aé, in an arylene group as shown in compound 1,
shown above. Another way of achieving this may be through
substitution of either or both of the groups. Substituents
25 may be chosen to limit the rotational freedom of Ar; and Ar;

groups. The substituents may be preseht on aﬁy one of Qu[ Ar,

11



group, an arylene vinylene group, an arylene ethynyl ene group, a

het eroaryl ene group, a heteroaryl ene vinylene group or a heteroaryl ene

et hynyl engogpouneoibhat can form a doubl e bond wi th cent Palr/SQaoooapdocand Ar 2
may have 5 to 50 nucl eus carbon atons which nay be substituted, and may
contain one or nore 0, S, N, Si, or P hetero atons. The Arl=Qu=Ar :
qui noi d et rarct. uTaemapoaks brihelgiubsbirt guedthyuanenomagoieatiutbher aromatic

groups, such as in a conpound of Fornula (la), as defined above. Each Ar3,
Ard, Argi® %gﬁﬁaﬁ@ r%“%@&W%WW&%&ﬁ%%Q@@ﬁmnaUa)me
' nd6pen%ﬁjﬂqm%&%i®%%&fhﬁyla@ﬁ? HERWD, By Yagne vinylene

group, an arylene ethynylene group, a heteroarylene group, a heteroarylene
vi nyl enelrgrxnyedring dr@asricay ydfertdetimandidied sgr ofig laeddiarg & to 50 nucl eus

car bopn at . which may he substituted, and may.contain one or nore 0, S,
S R R Y A gt St b O L8 Pt eger
of 0 to ghcedidia tihg riepetddviare MuericaBich.an integer of 1 to 20. The
substitutions on Qu or any one of Ari to ArlO can include, for the purposes
of illustrations and without limtation, one or nore functional groups,

such as, hal ogen, “F1h§8FokyP GFBURED a2 bFFOYGRGE L arPami et iyrdlup, a
thiol grioupt A W QMR t1R Hdrdd £ O3UR 10 3 GHa, 9T0 R r AlGRN be a
substituted or unsubstituted al'kyl chain, alkoxy chain, alkylthio chain,
al kyl amgrourhaian . aiemd ohaiienealdaawd, emaiary lang e thatrerlearsy|
arylﬂylQﬁﬂnﬂ%t%IQ%ﬁﬂtoarylene group, a heteroarylene vinylene group
 or a heteroarylene ethynylene group, that can form a double
bond with central Qu. Ar; and Ar, may have 5 to 50 nucleus
carbon atoms which may be substituted, and may contain one

Oor more O} S, N, Si; or P hetero atoms.

15 The Ar;=Qu=Ar, quinoid structure may also be
substituted by one or more further aromatic groups, such as
in a compound of Formula (Ia), as defined above. Each Ars,
Ary, Ars, Arg, Ars, Arg, Arg, and Arjg in a compoﬁnd of Formula
(Ia) are independently chosen and may be an arylene group,

20 an arylene vinylene group, an arylene ethynylene group, a
heteroarylene group, a heteroarylene vinylene group or a '
heteroarylene ethynylene group, having 5 to 50 nucleus
carbon atoms, which may be substituted, and may contain one

or more O, S, N, Si, or P heteroatoms.

25 ' The repetition number j, k, n, p is an integer of
0 to 20, while the repetition number m is an integer of 1 to

20.

The substitutiOnsvon Qu or any one of Ar; to Arig

can include, for the purposes of illustrations and without
30 limitation, one of more functional gfou?s, suéh as,'halogen,
a hydroxyl group, a carbonyl group, an amine‘group, a thiol

group, a nitro group, a nitrile group or a cyano.gréup, or

12



am no, aryloxy, heteroaryloxy, arylthio, heteroarylthio, aralkyl,

het eroaryl al kyl , al kylsilyl or arylgernyl. Each of these nmay further be
substi t utwod 20dolddeaae or nore functional groups . For thecmscRen®sisi
illustration, where Qu is a quinoid-like noiety, it may be selected from
the followng listed structures, or nmay be a heterocyclic quinoid-Iike

moi ety tdwal Heont alubstItutd & unBubs¥itait@Es allkytReashr, ughtosy | i st ed
bel ow, each X could independently be CH N, or P, and nmay be substituted
by al kylShadiToxddkydit beroy IChgrigups Lk vdemige? chad nQué lbgs ydueheia Ar 3, Ar4,
Ar5, Ar 1, o ArQ - Ari i Vi i t I, 1 the

connect ?anlg]%nry&ugh%vﬁwrﬁc%riyr?dl Elgg%%rc%%-yqﬁ\r gq%gr?gﬂ 'En%é \é\%é%é‘%ggrl oup, which

i ncl udesmimrol, -arArlidky ,Ohe ter oanryd csayh s tairtydttindrs  ihe telre acginédbi,ng group or

one or nore substitutions_in the end-cap.group may _be el ectron donating
o ours. BIadHon MY 1Gde A 100y B o G4 Lui AT OF
limtatipsd '&!a@p@ihﬂhert e YA iRt R vﬁ%’hbf'%‘é' Wr eoePFunek iehhar

el ectron donating aryl, arylene, or arylene vinylene groups. Electron

donat i n@gXURPs nmay i ncrease the hole transporting ability of the
materials.One or nore substitutions in the connecting group or one or nore

substitutions in the end- ¢an Yaup Jmy 1hG.ehastion donaLipg groups.
El ectron donating groups y be, for exanple and Wi thout [Nimtation,
group (&@uyinadd-d3Xe moiety, it may be selected from the following
10 listed structures, or may be a heterocyclic quinoid-like
moiety that contains S, N, 0O, P, Si atoms. In the
structures listed below, each X could independently be CH,

- N, or P, and may be substituted by alkyl, alkoxyl or aryl

groups.

X=X X=X ‘X:X

e - L

X=X, y

: _ R{ 'Ry

.Qu1 ‘ Qu2 - Qu3

X=X X=X X——;X
LA L

R R{ Ry

15 Qud Qus Qué

The Ars, Arg, Ars, Arg, Ary, ‘Arg, Arg, Arjp can be
divided into two'groups, the connecting group, which include
Ars - Arg, and the end-cap group, which includes Ar; - Arig.
20 One or more subétitutions in the éonnecting group Oor one or
more substitutions in the end—;ap group may be electron
donating groups. Electron donating groups may be, for
example and without limitation, thiophenyl, triarylamino, or
carbazolyl groups, or other electron donating aryl, arylene,
~ 25 or arylene vinylene groups. Electron donatiﬁg groups may

increase the hole transporting ability of the materials.
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identified below, or may be one or nore hal o group, cyano group, nitro
group, carbonyl group, thionyl group, sul phonyl group, or perf |uoroalkyl
group. Elwotommgmmati ng groups may increase the stabil irty/sekodolneoost
materials. al4 ais aie a aie aig a20 a2i a22 a23 a24 a3o a3i a32 a33The
term'sem conductor' as described herein is generally understood as being a
mat eri al that hasCae elreabriecaibsaiduetbvist ¥ nbeheseernhkese ngf gaoapnduct or
and an insul ator. The s% means an interface between the two

mat eri al°¥ &R e "&¥itbdl %gtltwﬁéﬁ“§eﬁ§répﬁnﬁnﬁmﬁaﬁaﬁépPgl?aﬂegﬁs that both

are in %h%a%%a%I&aﬁ@tlﬁah%rb%bgl PEh ¥R rohehBhs thifg g 8pEoRdyChar t hat
prefers to conduct holes. The term n-type' refers to a sem conductor that

prefersfpa cxadwde @m@cwﬁ@ﬁgutTﬂemnéaﬁubnatergabupgéaéﬁatby(aéBévs to a
subsg@n for exarkr)%lo,w a senlcogductor er cgﬁgalnln ound of the

S verti GRCTHE 168 M1 S alPan g REr Q) JOFST BRL O G808y CLATST at o

covalen@kwu@onagdrwu@&o@bnebaabbnglsgmghp,aﬂdlaubul@k@upfogu@paaﬁye doubl e
bonds. The doubl e bond may be repl aced % an atom having a | one pair of
e|ectro@§OU§uc@rageéfﬁépépéé$a%nBﬁovﬁuop &RELTPRi Sogp&ddm AEPUBFOVI de in

gener al ydel a¢allozall @ReOkthBe 18k§ChEORRaRLR8F 18k . Of the -

%%%%%ﬁ@* }“"‘4&“" [

_ R R
a4 o R
— /A 7.\ /A
N_ N N, N N N>\_/<N /s\

v O/ I
R'
ag ag aqg aq a2 ) ans

R R" R\ R" R\ R

R R' R: R
I — NZ N/ \N N/ \N N N

. N/ \N N/ \N
0 | A I\ /N N N

R "N /N ) N\O/N ) N/N \
k
T aq ais I a7 . a1g aig

10

(R)
wOG G (S el ey
_ ' N N= ’

az a4

. _N  o S ‘ N - '
(R%4:$%_- (R%{EZJ:J>—' (&%{E:j:g>__ (e 3*“ (R%ﬂiijiiN_R
i) | R .

azs ‘ a2 . azy azxpg - azg
Z 0 Z S = N ' N7 /N\
R R R+E N /I N—R'
(R N | N% ( %_@[N% " SN | ’|‘1>~ —t\N =N
R' .

azp az4 : as azs
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adj acent parallel aligned p-orbitals of the atons. The term 'substantially
pl anar conjugated ring or structure' refers to a conjugated ring or
struct ur ewphato/oseubd al | ow favourabl e i nteraction of thecpsortustoadesr as has
been descri bed above. Thus, a conpound having a substantially planar
conjugated ring or structure would have a | ow di hedral angle within the
conj ugat ed syst emrhicor e@¥ampleai chhciueoky ' hysadsaropati beriat Y's as

descri bed herein, refers to, for exanple, naphthyl ene

ant hr enyIe8R& ailide MOERETPOS @S RPLEFe 20PasREAARt RPaRyP@Sean | n the fused

aromat i ¢ el ¥og 1t g%nh @%Rkﬁgyd%%we%d tABaue Ry Raug L aLbals shhat form

part of both Qu and the fused aromatic noiety. The term Lheteroatonm as
descri bedshéer¢ior.refers to an atom such as, 0, S, N, Si or P, for
exanpl e. The al kyl chain as used anywhere herein unl ess otherw se

specidfied, may have from1l.tqQ 30 _carbon atons. _.In s enbodi nents, the
aIkyP chain may hggg,s %%O%xaﬁplgFaPFoﬁpllp8ef§a88rggﬁngS helﬁw8ther

enbodi neaterithe ahkykhehaiyhbeay “he, wheh expapheiagCiwobmakkylialand may be
without limtation, any straight or branched al kyl, for exanple, nethyl,
ethyl, AegRspyhati betbpgre dactprogpme Aalgtyl, i butyl, sec-butyl,
t-butyl, n-pentyl, i-pentyl, sec-pentyl, t-pentyl, n-hexyl, i-hexyl, 1
,2-d|nethprropyITh%-t%&ByhBLQ9§g/ lemetBYko2ae5B%k BEARULLor that -
| -ethyl-2-methyl propyl, 1 ,°1 J2-trimethylpropyl, 1, 1 ,2-triethylpropyl,
1, 1- prefers to conduct holes. o

10 ‘ " The term ‘n-type’ refers to a semiconductor that

prefers to conduct electrons.

The term ‘material’ generally refers to a
substance, for example, a semiconductor layer containing a

compound of the invention.

15 The term ‘conjugation’ generally refers to a
system of atoms covalently bonded with alternating single
and multiple, for example, double bonds. The double bond
may be replaced by an atom having a lone pair of electrons,
such as a heteroatom in thiophene. This system may provide

20 in general delocalization of the electrons across all of the

‘adjacent parallel aligned p-orbitals of the atoms.

The term ‘substantially planar conjugated ring or
structure’ refers to a conjugated ring or structure that
wouid allow favourable interaction of the n-orbitals, as has

25 been described above. Thus, a compound having a
substantially'planarAconjugated ring or structure would have
a low dihedral angle within the conjugated system,‘fdr'

example.

The term ‘fused aromatic moiety’ as described

30 herein, refers to, for example, naphthylene, anthrenylene,
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di et hyl butyl, 2 ,2-dinmethyl butyl, 2-ethylbutyl, 1,3- dinethylbutyl,

2- et hyl pentyl or 3-nethylpentyl . The G 6 al kyl group may contain one or
nor e subswotwsnsoiand nmay further be, for exanple, and wctreaboolobavsi ati on,
interrupted by one or nore heteroatons which are independently nitrogen,

sul fur or oxygen. The al koxy, alkylthio, alkylam no or other heteroalkyl
groups asdessd cpwaena digneine Wi ehencinhtelrespaciild.ed Iy nkavaskiom 1 to 30
carbon atons. In sane. enbodlnents t he aIkyI chain may have, for exanple,
from 1 taFoIgtdsr BoHStaoriRe Ex2 Spﬁlleﬁé’sré BlOySt Fati BRVet k¥Ocar bon

at om chaj i Ol e ko Aldey Yyl Bl HATHIO spicett Rebnitier 0al kyl groups
is the sane as the al kyl" chain scri erein. " "The al kenyl group as used
anywher endhigrtai.n unl ess ot herwi se specified, may have from1l to 30 carbon

atonms. In sone enbodi ments the al kyl chain nay have, for exanple from1l to

18 cagbon atons. | other a dlnents" t he ai_n.ma e, for
exanple, a G _ 6 g? ﬁéﬁﬁ&?mm o eer %egt 8ﬁﬁl§née§FF§ight or

br anched cald¢erytion, f @hc@(@rﬁpl ®, \g,nw,, sal lod p,i Fepr epenyle.l - propene-2-yl,
1-butene-|-y| 1- butene-2-yl, | - but ene- 3- ‘yl, 2-butene-I-yl, 2-butene-2-yl,

1- propene-2 neth | -1 2- pr gpene- 2- nethyl-l-yl, 1- pent ene- 1yl ,
2-pentene-| -yl , % Péﬁ@ PR 1ng A5 NiSERe AnVYhETE. hﬁ&@éﬁeu§lﬁ§§hyl-l-yl

2- but en E%é?%ﬁ@@ Feﬁhflédbuh%@eh%ve”%EQMJ1lt$|80'c%%%%ﬂea%oﬁgtthn yl,
2- butene 2- et hyl - but.ene-2-net hyl -1-yl, 2-pentene-2-yl,
2- penteﬁgm@>¢mboziments, the alkyl chain may have, for example,

10 from 1 to 18 carbon atoms. In other embodiments, the alkyl
chain may be; for example a CL5 alkyl, and may be without
limitation, any straight or branched alkyl, for example,
methyl, ethyl, n-propyl, i-propyl, sec-propyl, n-butyl, i
butyl, sec-butyl, t-butyl, n-pentyl, i-pentyl, sec-pentyl,

15 t-pentyl, n-hexyl, i-hexyl, 1,2-dimethylpropyl, 2-

| efhylpropyl, 1—methyl¥2—ethylpropyl, l-ethyl-2-methylpropyl,
1,1,2-trimethylpropyl, i,l,2—triethylpropyl, 1,1-
dimethylbutyl, 2,2—dimethylbutyl, 2-ethylbutyl, 1,3-
-dimethylbutyl, 2-methylpentyl or 3-methylpentyl. The Ci¢
- 20 alkyl grodp may contain one or more substituents and may
further be, for example, and without limitation, interrupted
by one or more hetercatoms which are independently nitrogen,

sulfur or oxygen.

The alkoxy; alkylthio, alkylamino or other
25 heteroalkyl groups as used anywhere herein unless other
specified may have from 1 to 30 carbon atoms. In séme
embodiments,.the'alkyl chain may have, for example, from 1
to 18 carbons atoms. For the purpose of illustrafion, the
carbon atom chains of the alkoxy, alkythio, alkylamino or
30 other Heteroalle groups is. the same as the alkyl chain

described herein.
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pent ene-4-yl, |-pentene-4-yl, |-butene-3-nethyl-2-yl, 1-

but ene- 2-net hyl -3yl , 1-hexene-|-yl, 2-hexene-l-yl , 3-hexene- 1l-yl,

4- hexene-WoOyp10/09601hexene- | -yl , | -hexene-2-yl, 2-hexene- PETHIG20@BOh@sEne- 2- vyl
, 4-hexene-2-yl, 5-hexene-2-yl, 1-hexene- 3-yl, 2-hexene-3-yl ,

3- hexene-3-yl, 2-hexene-4-yl, 1-hexene- 4-yl, |-pentene-4-nethyl-I-yl,

2- pent ene- 4- net hyttHe \Wlken3sl pertgnest-useichymiwhdre |hepentreneri2seet hyl - 5- yl
, | -pentene-4-, nethyl-2-yl  2-pentene-4-nethyl-2-yl, 2-pentene-2-nethyl-4-
g O LR RRAGIELE) T eortd R ety O Sarba: scoms. Tn Y
pent ene-bnetd s Bmént L-RRNANE12dMRLRY hradr Wave,| -ReNEREA Myl - 3-yI,

| -butene-3, 3-dinethyl-l-yl, |-butene-2 , 3- dinethyl-1-yl , 2-butene-2 ,
3-di net hyltd -33 carban efers ., In ditherhpimbpdimentsyuttdige-ad kedwdi met hyl - 3-yl

The, C2-,6 .al kenyl raup tai_n one _qr, [.e )stituents . y

furtFl%er Cbh(%l%f cﬁ}a%xbaeqrfpl e, gé%y@mgaq{éﬁoﬁt 1|’6m'atcia]fte|r£g’nl,’ %%%Zha&p%%d%qﬁé?%ﬁlgaor nor e
het er oatlonm bt icih ,arsmy departentdry biahiohgen a 1xkdnflr, doroxygemlelhe al kynyl
group as used anywhere herein unl ess otherw se specified, nmay have from1l

to 30 carBof rattons/l | i SSHROREMddi teRISPERE &I, &MUt Sfgy thave, 1ror

exanpl e b foiB-b 1,0 18 Gardkon -atens. L Qlhel 1enfiodimeptend e Al kynyl chain
maybe, for exanpl'e, a G _ 6 al kynyl,- and nay be without |imtation, any
st r ai ghtorsyperearictied el lkyimpll,, 2o repemsi-e,-metéhyiyiyl , 1-lprempeyle-1-

2. peRLy Wi i PR A BBy - e BBy 1 Pen

| - but y nidreiand-nlettyl H1-3ut,y 2-Bureily3—4rethy 1+1Rgay n3-pitena~3exyn- | -yl ,

3-hexyn_methyl—1—yl, l-butene-2-methyl-1-yl, 2-butene-2-methyl-1-yl,
3—butene—2—methyl—1—yl, 2-pentene-2-yl, 2—péntene—3—yl, 2-
pentene—4—yl, l-pentene-4-yl, l-butene-3-methyl-2-yl, 1-

15 buteﬁe—Z—methyl—3yl, l-hexene-1-yl, 2-hexene-1-yl, 3-hexene-
1-y1, 4—hexene—l—yl,.5—hexene—1—yl, l-hexene-2-yl, 2-hexene-"
2-yl, 3-hexene-2-yl, 4—hexene—2¥yl, S-hexene-2-yl, l-hexene-
3-yl, 2-hexene-=-3-yl, 3-hexene-3-yl, 2-hexene-4-yl, l-hexene-
4-y1, 1—pentene—4fmethyl—lfyl, 2-pentene-4-methyl-1-yl, 3-

20 pentene-4-methyl-1-yl, l-pentene-2-methyl-5-yl, l-pentene-4-
methyl—Z—yl, 2-pentene-4-methyl-2-yl, 2—pentene—2—methyl—4—'
vl, leentene—Z—methyl—4—yl, l-pentene-4-methyl-3-yl, 2-
pentene—4—methyl—3—yl, 2-pentene-2-methyl-3-yl, 1l-pentene-2-
methyl-3-yl, l-butene-3,3-dimethyl-1-y1, l—butene—2,3f

25'}dimethyl—l—yl, 2-butene-2, 3-dimethyl-1-yl, 1l-butene-2,3-
dimefhyl—l—yl, l-butene-2, 3-dimethyl-3-yl. The C,.¢ alkenyl
group may éontain one or more substituents and may further
be, for example, and without limitation, interrupted by one
.or more heteroatoms which are independently nitrogen, sulfur

30 or oxygen.

The alkynyl group as used anywhere herein unless
Otherwise specified, may'have fromll to 30 carbon atoms. In-
some embodiments the alkyl chaiﬁ may'have, for example, from
1 to 18 cérbon atoms. In other embodiments, the alkynyl-
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1-yl, 4-hexyn-l-yl, 5-hexyn-l-yl, |-pentyn-4-nethyl-I-yl, 1-
pentyn-3-nethyl-1-yl, 2-pentyn-4-nmethyl-I1-yl, |-butyn-2,2- dinethyl-1-yl or
3- but yn- 2vo2edvassiibyl -1 -yl . The C2-e al kynyl group mayPCH#GAN9/000061 Or nOr e
substituents and may be, for exanple, and without limtation, interrupted
by one or nore heteroatons which are i ndependently nitrogen, sul fur or
oxygen. cHad natly, bar,ylfldr @xaspllegxyy @s-Juattyapivheane hareibe wiltéesit

ot herwi se specified, may have from®6 to 60. In sonﬁ enbodi nrents the aryl,

aryl t hi &, TGP AP YhakE 238t Sramgrechefomlé YRy 130 0&r GEA™REms. The
aryl am naaswsad an @Q&; er e , 0t ner W $e 1S pecidf i 1mayg-have from
6 to 180 carbon atoné{ %@gghe eﬁ%o yﬁgﬁts, thgwe?ylanino ?@? have, for
exanpl e butyomle tlobl2yrcatydn dtweesitynyd,héteeosyyr-1-ivdt eSorpeptoxy,

het eroaryl t,hi _as used anywher e herei n_unl ess, otherw se ci.fied, may have
froms. t 120 PR Edie 2ot RERe i et er Baryr - hOCST oA .

het er oaryduftiye -Bamctawa, - 4-g11 , eXaimelxgn -fl-9m, 3 2t-be&§ncargans 3ahessn-The
het er oaryl am no group as used anywhere herein unless otherw_se specified,
may havé Prlomi3hegyiss arbor heryms L v sdmeaiydditmBstsyind -y, 1-

pur pose PSP T gst Eal VA dhdr B b amonds e T net bagy aheayl,
phenoxy dipetihgilryl-yand rot3véng yrag , Rodlidelbé ykrdwy 1t. 0 Taep€e-sona L&lyinlylled in t he
art 'ld: Orgrtobl% %%g/p%%%t%fini lolnl'eStorratmio(J):re an s\gittbl%lf{tcs and may be, for '
' example, and without limitation, interrupted by one or more
~ heteroatoms which are independently nitrogen, sulfur or

oxygen.

The aryl, arylthio, aryloxy as used anywhere

15 herein unless otherwise specified, may have from 6 to 60.
In some embodiments the aryl, arylthio, aryloxy may have,
for example; from 6 to 30 carbon atoms. The arylamino as
used ahywhere herein unless otherwise specified, may have
from 6 to 180 carbon atoms. In some embodiments, the

200 arylamino may have, for example, from 6 to 120 carbon atoms.
The heteroaryl, heteroaryloxy, heteroafylthio as used
anywhere herein unless otherwise specified, may.have from 3
to 120. 1In some-embodiments the heteroaryl, heterocaryloxy,
heteroarylthio may have, for example, from 3 to 60 carbons

25 atoms. The heteroarylamino group as used anywhere herein
unless otherwise specified, may have from 3vto 180 carbon
atoms. In some embodiments the heteroarylamino may have,.
for'example, from 3 to 120 carbon atoms. For the purpose of
illustration, examples of compounds may include; phenyl,

30 phenoxy, pyridinyl»and others, as would be known to a.person

skilled in the art.

For the purpose of illustration and without

limitation, an arylene or a heteroarylene are, for example,
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limtation, an arylene or a heteroarylene are, for exanple, phenyl ene,
napht hyl ene, pyridi nyl ene, indenyl ene, azul enyl ene or phenant hrenyl ene.
Conmpoundswof2otd@eiinvent i on nay be prepared using StandaPdT{SGee®d0ees known
to a person skilled in the art, and by analogy to the nore specific
procedures set out herein for preparing specific conpounds of the

i nvent i grherniHesrspne ciapiht hyrleoedupgs iddsorlidned dneleprydeinged as gui dance only
and are not. intended to be limting. Exenplary conpounds of the invention,
such as XSHFUHER e oF ?hFU§Q&h9?Q§i§§edescribed previously, may be prepared
starting from2 ,7-di bronof |uorenone (schene 1), which may be obtai ned

upon chrom ¢ aci d agedned dat ithe Ahvéntiod B9l prepanred uBakladi um
catal yzed based coupling of the dibronoketone with 9 ,9-di hexyf

| uor ene-Lpstadiel Prasicdwics da@wofsodndeAsomBEdiildad dm dhecadsound A

yi el ded i_.ght e d -\ _C further coupled with 3
, 5- Bid'r’g (‘A:ltt'{r&:'afkﬁ)l;oa?1 %&ggﬁc{ﬁ)% p;cﬁlgny%%%r os%iec(:: l\g‘gicd%irﬁ%)aéd%glelsagitegmoggt alyzed

react i omdme iy dat eorpaurichgCspethie i@ fdompoamalse o fc ameoindenAion.C can be
used for _the preparation conpounds 1., 2 , 3 or 4., as show) in scheme 2 or
3 . 100éhg EFF% e PACLENT St ESTIINTE RrEsOREVE S a3 SUIEECEr onpt hene

was reacdrfd, Wrld JrRORRY UMtRlRly 1@ frr Migidiiglg.gnard which was reacted
with 9-fluorenone, and was further reduced in the presence of tin (1)

di chloride to provide conmpound 1 . Analo%pusLy, the 3 , 5-di bronot hi ophene
was reacted with BESJPlELvhicORPOEnasdiaf thicumnvIsnégieene such as

10 compounds 1, 2, 3 or 4, as described previously, may be
prepared starting from 2, 7-dibromofluorenone (scheme 1),
which'may be obtained upon chromic acid based oxidation of
2,7-dibromofluorene. Palladium catalyzed based coupling of
the dibromoketone with 9,9-dihexyfluorene-2-boronic acid

15 yielded compound A. B;omination of compound A yielded the
bright orange_compound B, which may be further coﬁpled with
3,5-Bis(trifluoromethyl)phenylboronic acid in a palladium
catalyzed reaction to yield compound C. The 9-fluorenone,
compounds A or C can be used for the preparation compounds

20 1, 2,‘3'or 4, as shown in scheme 2 or 3.

CeHia,_Cetia

T e
Br O O Br AcOH - . / Pd(PPhy)q, K,CO3
. d | Toluene, H,0, 110°C
O

Pd(PPhy),, K,CO3
Toluene, H,0, 110°C

Scheme 1
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whi ch can be reacted with either conpound A or C, in the presence of tin
(I'l') dichloride to produce conpounds 2 and 3 , respectively. Schenme 2 The
pr epar at iwo 20fo/@espound 4 is shown in schene 3 , which ipeTsicrddoanodso t hat
of the preparation of conpound 1 , where a di bronot hi ophene is used,
however, in preparing conpound 4 , a dibrono-dithi ophene was converted into
a @i gnard r eagentIranthe eacipedanitdn Sff ldeaenere,l atHden 2neduced in the
presence of tin (l11) dichloridet i el d conpound 4 .Scheme 3 The follow ng
may be consiH&ER %@P%é@qsgrﬁ%t@é{ SitR FegnasHam medmd & ffrm The

rigidityyQfyi ﬁ/%ﬁckmﬁarsg"retar&’é@%tha% W8l 25 ddie 1.0 handgap of the

mat eri al s,” usua below 2.0 eV. Low bandgap can be a 'basic requirenment for
t he mat efrurajl@rt o bttt iial [thehgre skeingte @fffltmnen(dﬁ i MiOPV cdeviece® . 2 .

El ectyon dona n rou ncrease -t he hol f th materials. 3
. El esf:t d‘%é‘% ﬁ’dpd; oup@nﬁé)? S §‘l}| URLS: ﬁé 4’15’ O?ﬂp (?\Bgrl ng the
HOMO | ew@s @&ﬂ&f\@ﬁt@i utad] ustihicnrt e IaOM@lqrt%lluHNQm%\pwenw th the

desired range, which nakes the materials potential good n-type materials

for orgafiichelct kmireafdhdd a4 thTiedtdiegr €ompeetnda Adesi ¢n rdy thét only

prOVideﬁ%esence of tin (II) dichloride to produce compounds 2 and

3, respectively.

1) 9-Fluorenone

M;
WJC}ar 3 mm#@}ﬂ@uiﬁﬂiEL*
THF, 50°C

naA
2) SuCl, / HCI
i Sl N

n-BuLi .
B P ——————— i i —]
THF, - 78°C

nc
2) SnCl, / HCI

10

Scheme 2

The preparation of compound 4 is shown in scheme
3, which is similar to that of the preparation of compound
1, where a dibromothiophene is used, howevef, in pfeparing
15 compound 4, a dibroﬁo—dithiophene was converted into a
Grignard reagent and reacted with 9-fluorenone, and then-
reduced in the presence of tin (II) dichloride to yield

compound 4.
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| ow bandgap of the material,
TFT application and nay adjust HOMO and LUMO | evel s suitable for
appl i cat iwoo10s@pi al s of the invention could be di ssolPCE®G2009®000G6DN

organi ¢ solvent, for exanple, chloroform toluene, ethyl benzoate,
, 2-tetrachl oroet hane, etc. and could be processed into thin filns through

1

but may al so i ncrease the charge nmobility for
nost OPV

1,2

sprn coatrng or other thin frlnrpreparatron nmet he The thin f¢ of the
mat eri al s use@gas the t| Iayé%@ﬁ%@at er for TFT
and OPV dEr P SFantis; nfEhnction Wi nd
dielectric Iayer, for exanple.ln an enbodi nent | he inventio there is
provi ded a sem conduct or devi ce having: a source €l ect rode and drain

el ectrode separated froma gate electrode by a gate dielectric; and a

sem conductor |ayer containing a suyREM&e@ of the invention, as described

herein, either over or under the source electrode and the drain el ectrode,
to fornra char ge tran%port channel . I n another enbodi nent of _the invention,
t he sem conduct or @€V|@élpylégtF@HSP@t§PHS§G€ﬁe§sW&ﬁnoﬂﬁéﬁﬁélpﬁeld ef f ect

transrs%g&eggggg)oqrt%% qQr 9%%%& Ehrn filmtransistor (OTFT) ; |ight

emtting sem conductor, such
phot oconduct or; current Irnlter thermster; p-n junction; field-effect

a organic light emtting diode;

di odé orl. SchottkyT@ﬁodegldlty of Ar;=Qu=Ar,; may effect charge

10

15

20

25

transport as well as the low bandgap of the materials,
usually below 2.0 eV. Low bandgap can be a basic requirement
for the materials to potentially have high efficiency in OPV

devices.

2. Electron donating groups may increase the hole

mobility of the materials.

3. Electron withdrawing groups may stabilize the
structure by lowering the HOMO level, and hence also
adjusting the HOMO‘and LUMO level with the desired range,
which makes the materials potential good n-type materials

for organic electronic devices.

Therefore, such a design may not only provide a
low bandgap of the material,.but may élso increase the
charge mobility for TFT application and may adjust.HOMO and
LUMO levels suitable for mqst OPV applications. | |

Materials of the inventién could be dissolved in
common organic solvent, for example, chloroform, toluene,
ethyl benzoate, 1,1,2,2-tetrachloroethane, etc. and could be
processed into thin films through spin coating or other thin
film preparation méthod. The thin film of the materials _
could be used as the active'layer.or dopant active layer for
TFT and OPV devices, for instances, in conjunction with

electrodes and dielectric layer,’for example.

T



In a further enbodi nent of the invention, there is provided an organic thin
filmtransistor device containing: a plurality of electrically conducting
gate el ecwpadegdilgposed in or on a substrate; a gate i REHISGR/DEgEr

di sposed in or on the electrically conducting gate el ectrodes; an organic
sem conductor | ayer disposed in or on the gate insulator |ayer
substantially overllrapgm rgbiolde mgatte ol etier doesntamah,a thleurealiist y of sets of

el ectrically copductive source and drain el.ectrodes disposed in or on the
organiCF§§H¥6%ﬁQG%f%W“39%ﬂ9“C ¢h ENAC @Y 8Pt he sets in alignment with

each of the gate el ectrodes;wherein the organic seniconductor |ayer is a

conpound of formula §13cufd@)eDicftdie asndlescdided shaverods the above
devices and for the purpose of illustration and without limtation, the

serm conductor | ayer $RB2AFRANRA af ¥ ckrEase o7 19¢0rRA® Bima &% mm, i ncl udi ng

any iqternedi ate val ye, pLof e..hgcording to a further aspect of the

invention, there is provided a process for preparing an organic thin film

transi stor device containing the steps of: - - depositing a plurality of

el ectrical | y conducta ngeryat@nadl oty odege § ncontoinang ubstomgi@ndleposi ting a

gate insulator layer in or,on the el eoldieallyy GRSt ng gate §lgetrodes:
or under the source electrode and the drain

electrode, to form a charge transport channel.

10 - . In another embodiment of the invention, the
semiconductor device is a transistor, such as an organic
field effect transistor (OFET) or an organic thin film
transistor (OTFT); light emitting semiconductor, such as a
organic light emittipg diode; photoconductor; current

15 limiter; thermister; p-n junction; field-effect diode or

Schottky diode.

In a further embodiment of the invention,'there is

provided an organic thin film transistor device containing:

- a plurality of electrically conducting gate"

20 : electrodes disposed in or on a substrate;

- a géte insulator layer disposed in or on the

electrically conducting gate electrodes;

- | ~an organic semiconductor layer disposed in or on
the gate insulator layer substantially

25 overlapping the gate electrodes; and

- a plurality of sets of électrically conductive'
source and drain electrodes disposed in or on

- the organic semiconductor layer such that each

of the sets in alignment with each of the gate

30 , electrodes; ’
22



depositing a layer of a conmpound of forrmula (I), (la) or (Ib) in or on the
i nsul ator | ayer such that the | ayer substantially overlaps the gate

el ectr odesp 2arvdh9d@posi ting a plurality of sets of el ect PCT&IGRgoI®otIdUCt i ve
source and drain electrodes in or on the |ayer such that each of the sets
is in alignnment with each of the gate el ectrodes; thereby producing the

or gani ¢ wHdmeifi- lthe ransirsitoors ette\dotelu VRIS rTHe faoldompioughdexdnpl es . ar e

i nt ended. as exenplary only and not in a%,graey intended to limt the scope

of the prdBHE i Went§én. 1HstitihedSs I@GR¥Ei-c resonance (NVR)

spectra were collected on a Bruker(tn) DPX 400 M Hz spectroneter using
chlorof ormd.or dighlgOomBiRrnerd4 2% bhe Felrveme grddrld et hyl silane

(TM5) as an internal standard. Matrix- Assisted Laser Desorption/lonization
Ti me- OF 1R ugthr (NIRIrDIaNGF v st ts gdatita tidne  dhicaisead com da cliogk dayER)

Aut ofd e I Nst.r . Dif ent. anny cal ori ry SC) was
carriéed)ﬁlglg%}gra n%?}lrcgﬁze%sor?@a éf%nl Etsot ?%lrr;%t q@s@%Q%l%rr%ﬁlgﬁltng (aé anni ng
rate of i2xe@madiatelhveringl ogr asinget.ri ¢ anal ysis (TGA) was carried out using
a TA Instrunment TGA 2050 nodule (heating rate of 20 Cmn) . Cyclic

vol tamretr xperinments wer erfornmed on an Aytol.ab t.enti ost at
(Todel PGSTATS0) RORGTAerardncr SHECHE TnBRe Llc GLdaire it vention,

there is provided a process for preparing an organic thin

film transistor device containing the steps of:

lQ - - depositing a plurality of electrically

conducting gate electrodes in or on a substrate;

- depositing a gate insulator layer in or on the

electrically conducting gate electrodes;

- depositing a layer of a compound of formula (I),
15 (Ia) or (Ib) in or on the insulator layer such
that the layer substantially overlaps the gate

electrodes; and

- depositing a plurality of sets of electrically
conductive source and drain electrodes in or on
20 the layer such that each of the sets is in

alignment with each of the gate electrodes;
thereby producing the organic thin film transistor device.
EXAMPLES

. The following examples are intended as exemplary
25 only and not in any way intended to limit the scope of the

present invention.
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di chl oronet hane with 0.1 Mtetrabutyl anmoni um hexaf | uorophosphate as
supporting electrolyte (scan rate of 50 nV/s) using a conventional three

el ect r odewoanfo/goriat i on consi sting of a plati numw re wWBCKiSGgowleawst ode, a
gol d counter electrode, and a Ag/AgC in 3 MKC reference el ectrode. The
measured potentials were converted to saturated cal onel el ectrode (SCE) and
t he cor rlesyomhends oni zati on potential (IP) and electron affinity (EA)

val ues were derived fromthe onset redox potentials, based on - 4eV as the

SCE energy |level r t|ve to v%guunlgEA = Er§&@%§et + 4.4 eV, =

Eox- onset + 4.4 e@f Sfife "RFEST0G SF°SPECEFa 'F888F&§dwgﬁe

Shi madz wdime B ERL oPE e - - SEEt Pt Ble tist NG dighl or onet hane
solution with concentration ranging from1.8 10 6 to 5.7 10 6 M. Exanple 1

. Synt h&diloref oxrm-7. girh ddebl oresethene -dgchremthe potNestcdmpound was
prepq;g%,t%§é§$§§%f§a%R%rQ%%% r%srggor%ﬁgrggltg kdgghatﬁ%?é{getrahedron

2006 m xture of oo uor ene , 30.9
nmol ) a’dds@s®ed (E2eg De@okptiohn) Isnipended Eﬂm%SOfHEldghtldMA@Dﬂ and

stirred _at roomtenperature for 12 h . The resultinpg yel reci pitate was
ol | cor A0y TGTEL SORCEEPL MREFo D aROREd i £h BRHET UGG and dri ed

under vaeiymoro iR@VhdRnihe phrreduehtas1y %blaawlﬁgl b@l@%@m@atg %%%) yi el d).
1H NVR (400 MHz, CDCL 3)7.77 (s, 2H), h’z 7.39 (d,

2H, J -V@so_CH:_r)rledS@rqltth@@dgrofﬁl@@@g@@n@nAa( ?éhénét;cu)nent DSC 2920

10 module (scanning rate of 20 °C/miﬁ). Thermal gravimetric
analysis (TGA) was cafried out using a TA Instrument TGA
2050 module (heating rate of 20 °C/min). Cyclic voltammetry
(CV) experiments were performed on an Autolab potentiostat
(model PGSTAT30). All CV measurements were‘recorded in
15 dichloromethané with 0.1 M tetrabutylammonium
hexafluorophosphate as supporting electrolyte (scan rate of
50 mvV/s) u51ng a conventional three electrode conflguratlon
consisting of a platinum wire working electrode, a gold
counter electrode, and a Ag/AgCl in 3 M KC1 reference
20 eleétrode. The measured potentials were converted to
 saturated calomel electrode (SCE) and the corresponding
ionization potential (IP) and eléctfon affinity (EA) values
were derived from the onset redox potentials, based on -
4.4eV as the SCE energy level relative to vacuum (EA = Ered-
25 onsét + 4.4 eV, IP = Eox-onset. + 4.4 eV). The absorption
| spectra were recorded on a Shimadzu™ UV-=3101 PC UV-vis-NIR
spectrophotometer using dichloromethane solution with

concentration ranging from 1.8 x 107° to 5.7 x 105 M.

Example 1:

. - b
30 Synthesis of 2,7-dibromofluorenone (scheme 1)

This compound was prepared following the procédure

reported in the literature (Tetrahedron 2006, 62, 3355-

.24



To a m xture of 2 ,7-di bronof |

above, 9 , 9-di hexyf |uorene-2-
t et r aki s Wworopheepmbphosphi ne) p
bond) ,

m.) The sol ution was refl uxed

resul tipdinawa sakitiren ofag , @x
conbi néd organic | ayers were dr

pressur @0% G&oi et e Sol ¢ehel)

silicon ggl <&QlHagy %%'@goﬁH%théQ%?@@% Ly

desired product as a yellow so
CDO 3) Yeldocdppa)ecapdza(cd waH, c

uorenone (1.8 g , 5.3mml), prepared as
boronic acid (5.0 g, 13.2 mvol), and
al l adium (0.123 g , 0.053cmwoheoobdooeer C- Br

was added degassed K2CO aqueous (20 nL) and degassed tol uene (50

under N2 protection for 24 h . The
HA aebeed fabretld @10(90gnL3%0.4 jmolThe
|ed over SO 4 _and evapor at ed under .
ThesPeRfladel Nas P heh peetifedCiith a
455} agpthe glyent,;to obtain the
. "§5% yield) . IH NVR (400 Mz,
@lie@t&dey sﬁC83o@dd;lZHation 7.6, 1.2 Hz),

r educed

7.78 {(dd Hz),.7.74 Hz 7.60 - 7.66 (m
6H) | fs%e? g%tPnWaéﬁf t506 u $Qy8Han§ dréeg H?Fer v6§Lhm tTG (m 24 FD
0.76 (t, BHdel thel pZodakt @86§eﬂh©&aso§Hd J19.6. §,Hops WBe(NRLDIY: mz =
844.71 (calcd. for C63H720 : 844.57). Synthesis o conpound B schene 1)
To a CHMER (@20 Mﬁ?rSGPGﬂBbﬁ bf &dnpdihd A-63. 58, g2H, 1978 8mdI§2) prepar ed
as abov , 3t % 0% whg)added a CH24d 2 solution (10 nl) of Br2 (0.60
Y nnDI) Pferbelng stirred for 3 0 min, the solution was warned t

oaMﬂmﬂtmmmaunebyremv
t enper atSym&hiesi s2 of ompSubdedu:
sulfite (10 iriL , IM was then

10 To a mixture o

5.3mmol), prepared as ab

acid (5.0 g, 13.2 mmol),

tetrakis(triphenylphosph

1% per C-Br bond), was

15 and degassed toluene (50

ing the ice bath, and was stirred at this
dscheme A)aqueous solution o f sodium
added t o consune -the

f 2,7-dibromofluorenone (1.8 g,

ove, 9,9-dihexyfluorene-2-boronic
and
0.053 mmol,

(20 mL)

ine)palladium (0.123 g,
édded degassed K,CO; aqueous

mL). The solution was refluxed

under‘Nzlprotection for 24 h. The resulting brown solution

- was extracted with CH,Cl,

layers were dried over M
pressure to remove the s

20 purified with a silicon
4.5) as the eluent to ob
(4.26 g, 95%
8.03 (d, 2H, J =
7.78 (dd, 2H, J = 7.6 Hz
7.60 - 7.66 6H), 7.3
8.0 Hz), 1.06 - 1.16
‘0.66 (hexa,'SH, J =

(calcd}

solid yield

25 (m,
(m,
6.8
for CgH420:

Synthésis of compound B

30 To a CHQClz

1.78 mmol), prepared as

CH,Cl, solution (10 mL)

0.8 Hz),

(20 mL)

of -Brz

(50 mL x 4). The combined organic
gS0,s and evaporated under reduced
olvent. The residue was then
gel column using CH;Cl,/hexane (1:
tain the desired product as a yellow
) ¢ (400 MHz, CDCls):
(dd, J=17.6,
(dd, 2H, J = 7.6,
(m, 6H), 2.02 (t, 8H, J =
0.76 (t, 12H, J= 7.2 Hz),

(MALDI) 844.71

'H NMR
7.83
), 7.74
1 - 7.37

24 H),
us

5 (ppm)
1.2 Hz),
1.2 Hz),

2H,

Hz) . : m/z

844.57) .

(scheme 1)

solution of compound A (1.50 g,
above, at 0 °C, was slowly added a

(0.60 g, 3.75 mmol). After

25



excess brom ne. The resulting yell ow orange solution was extracted with CH
2C Il (30 mL 4), and the organi c phase was conbi ned, washed with brine (20

mL 3), dwbedimwerioMySO 4 . The sol vent was then renovegcusdaooresisced
pressure t o afford conpound B a s bright orange solid (1.75 g, 98%
yield). 1H NWR (400 MHz, €D 3 ) : d (ppm 8.02 (d, 2H, J = 1.2 Hz), 7.82

(dd, 2Hpelrg-%thribd fda) 307 mh3, ( Ghe2Ho1dt: B Yald? warhe?B to arblchm 8H),
7.47 - '7.49 (m 4H), 1.96 - 2.05 (m 8 H), 1.05 - 1.15(m 2 4 H), 0.78 (t,
12H, J feppenghurep g rempvggg hegice. bsyihthasids wafs eorFdeed aC (scheme 1)

T o a myt.ur f und. - 1,509, L), . T r 5 .above, 3,
5B o (LTI FOUPErtIED Tohens bor sarsetrnt(y ab s P SR

t et r aki ®f{ tsadihenydyitfasehi (1€) mpal,| aoh) umaE0 thiéd @dded @l comstume? t¥teper C- Br
bond)_, was added degassed K 2C_0O 3 agueqQus %20 nL) and degassed t ol uene
(50 mL) ©X°ffe SHMRY F@ﬂu&%éalguar&ﬁ NP TFIFC SOTHT 1 “854 h . The

resul ti RGeS Qi @B X4 mcted W tdh & thl Gl gdmll Phade 4vds - The

conmbi ned organic |ayers were dried over MySO and evaporat ed under reduced
pr essur eombg neghpwa sthiesl 36{the it 1nFhd 20e gild e as drlied peirf Me§dOui t h a

The desitigy o WS R ey LSRN 1t ke E & 1k R (400
VHz, CDGEffdrd cothpoumd BS.a38 brd gh4HpraBg@b sled,id2H)1,. 7. 83 ©8%. .87 (m 8H),
7805 LA™ B hr (380 B2 et dlppd) e oz a2 oL 1O

Hz), 7.82 (dd, 2H, J = 7.6, 1.2 Hz), 7.75 (d, 2H, J = 8.0

Hz), 7.58 - 7.66 (m, 8H), 7.47 — 7.49 (m, 4h), 1.96 - 2.05

(m, 8 H), 1.05 - 1.15(m, 24 H), 0.78 (t, 12H, J = 7.2 Hz),

0.62 - 0.69 (m, 8H).
15 Synthesis of compound C (scheme 1)

To a mixtufe of compound B (1.50 g, 1.50 mmol) ,
prepared as above, 3,5—Bis(trifluoromethyl)phenylbofonic
acid (0.89 g, 3.45 mmol), and .
tetrakis(triphenylphoSphine)palladium (0.070 g, 0.061 mmol,

20 2% per C-Br bond), was added degassed K;CO; aqueous (20 mL)
and degassed toluéne (50 mL). The solution was refluxed
under N; protection for 24 h. The resulting brown solution
was extracted with CHyCl, (50 mL x 4). The combined organic
layeﬁs were dried over MgSO@ and evaporated under reduced

25 pressﬁre to remove the solvent. The residue was then
purified with a silicon gel column using CH,Cl,/hexane (1:5)
as the eluent to obtaih the desired producﬁ as an orange
solid (1.21 g, 64% yield). ?H NMR (400 MHz, CDCl3): o (ppm)
8.08 (s, 4H), 8.05 (s, 2H), 7.83 - 7.87 (m, 8H), 7.60 - 7.69

30 (m, 8H), 7.56 (s, 2H), 2.11 (t, 8H; J=18.0 Hz), 1.05 - 1.15
(m, 24 H), 0.69 - 0.78 (m, 20 H). MS (MALDI): m/z - 1256.86
‘(calcd. for CqgHygF:,0: 1256.58) . |
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(m 24H, 0.69- 078 (m 20H. MS (MALDI): mz = 1256.86 (calcd. for
C 78H 76F i 20 : 1256.58). Exanple 2 : Synthesis of conpound 1 (schene 2 ) To
a m xt ur evof200/09601di br onot hi ophene (1.00 g , 4. 13nmpl) &AWA/SG2EE@I000dG1 (0. 218
g, 9.1 mol) was added 40 nL of freshly distilled anhydrous THF. After
being stirred for 3 h at 500C, the solution was cooled down to 0 OC with

i ce bat IExampdea 2THF sol ution (15 nL) of 9-fluorenone (1.56 g , 8.67 mmol)
was added dropwi se. The solution was then stirred at this tenperature for
30 mn fare heing warned up .to, anbi ent, .t enperature by renoving the ice
bat h. Alt)%e’(é}otht?egilﬁg° iclplm&?“f"‘éf T *h&dr, a saturated Snd solution in
10% hydrochloric acid (40 nL) was added dropw se. The col or of the solution

i medi ately turnedd @ eaepured.ofThe sselitrioad thaspidner ad @ty afybi ent
tenperature for two nore hours, and then was extracted with CH2C 2 (100 niL

4 ) . THe lovgedi)c apikadetirds Month-#dd &nd %drli @gcdyeranys9ded e Mr gani ¢

T
o v SR g R e B cSSRA sl o o
needl e ¢ ystadl $00, 62begsplB8T%oyi whd) codHe8IMROYA 000 MPIZC GG 2ide : d (ppm)
(m 4ty boFiby 20 opufhe .3 sgn” (3 g B1° BriyeTeptga gy 55 gg » . 7. a0
(m 4H) .8 MY (MR kviasMagide AHEob%ised! athe s ue30H W8S théh0 s2%)rredOMO
-5.38 eV, LUMO -3.52 eV. Synthesis of conpound 2 (schene 2 )
at this temperature for 30 min before being warmed up to
10 ambient temperature by removing the ice bath. After being
stirred for another hour, a saturated SnCl, solution in 10%
hydrochloric acid (40 mL) Qas added dropwise. The color of
the solution immediately turned to deep red. The solution
was stirred at ambient temperature for two more hours, and
15 then was extracted with CH,Cl, (100 mL x 4). The organic
phase was combined and dried over MgSO4. The organic solvent
wae then removed by reduced pressure. Subsequent
recrystallization using CH,;Cl,/n-hexane as the solvent
afforded compound 1 as dark green needle crystals (0.625 g,
20 37% yield). IH NMR (400 MHz, CD,Cl,): & (ppm) 8.30 (s, 2H),
8.27 (d, 2H, J = 8.0 Hz), 8.07 - 8.09 (m, 2H), 7.80 - 7.84
(m, 4H), 7.51 (t, 2H, J =7.2 Hz), 7.44 (t, 2H, J = 7.6 Hz),
7.38 '~ 7.40 (m, 4H). MS (MALDI): m/z = 410.12 (calcd. for
C3oHigS: 410.21). HOMO: -5.38 eV, LUMO: -3.52 eV.

25 synthesis of compound 2 (scheme 2)

2,5—Dibromothiophene (0.10 g, 0.41 mmol), as
prepared above, was dissolved in 10 mL of ffeshly distilled
anhydrous THF, and was cooled to -78°C with acetone/dry ice
' beth. To this eolution was added n-hexane selution'of
30 butyllithium (1.6 M, 0.54 mL, 0.86 mmol) slowly via a
syringe. The solution'was then stirred at this temperature

for 1h before a THF solution (10 mL) of compound A (0.77 g,
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2 ,5-Di bronot hi ophene (0.10 g , 0.41 mmol ), as prepared above, was
dissolved in 10 nL of freshly distilled anhydrous THF, and was cooled to
-78C wi t hwacetoiamedidry ice bath. To this solution was ad@et/SG200a0061
solution of butyllithium(1.6 M, 0.54 nL, 0.86 mml) slowy via a syringe.
The solution was then stirred at this tenperature for Ih before a THF

sol uti o .(910 mio)l )ofwacompakikd daopiidé .g The. Solutdlon was addedqdenpwyse. The
sol ution was subsequently stirred at this tenperature for 30 min before
acet one/Sdry 58k aﬁa&ﬁl%ﬁa§ef“é’ﬁ6\?§&r enffody 38nBiRe PO er RRg taNe4ARBiYent

t enper ajWee Jadh 4y removlbur alred rSaEL 3R it g1 8% hygreehl oric acid
(201) was added dropw se. The color of the solution turned to deep rose

red i mrédimpegiaturthd ogoluthi,or was ugkitiede$nfCdr anduheen2in 104nd extract ed
W th c n. 3.) ... T rrgani_ ¢ _phase was_ caonbi ned, dried qver MSO ,
R Bt WP R e L e e A i

and €éva ate C essur r emove Ré residue

was subseguesillut ipur ithireiddwitioh daletbmridg o Reudt Haimedd alteny . ughag
CH2d 2/ n- hexane (1:5) as the eluent. The deep rose red band was col |l ected
to obt aiS?BHBUNG S2 544 rdesh tpdr pretdsit ¢ (0. 230 §xtrastegywélrd) . 1H NMWR

(400 Mgy eP2C 20 )t A {pPnS- HZdSic PMasd b (SomPleq 8- AlidF, 2H), 7. 95
(dd, 4H, J7=°8.0, 2.4 Hz), 7.87 -°7.90 (m 4H), 7.71 - 7.82 (m 12H), 7.66
(d, 2H, a¥er FMgBOkz) and. 8apo7adéd(und¢OHreducOd pr@sddreénto 16¢fove. 94 -

Ligdm 4910, 0,8° 50 13,00, A0 NS LMY, s 7 Ao 08 (calcd. ror
conpound 13infischegm@ud rhl) column using CHyCl,/n-hexane (1:5) as the
- eluent. The deep rose red band was collected to obtain
compound 2 as deep purple solid (0.230 g, 32 % yield). 'H NMR
(400 MHz, CD,Cly): & (ppm) 8.63 (s, 2H), 8.54 (s, 2H), 8.41
15 (s, 2H), 7.95 (dd, 4H, J = 8.0, 2.4 Hz), 7.87 - 7.90 (m,
4H), 7.71 - 7.82 (m, 12H), 7.66 (d, 2H, J = 7.6 Hz), 7.32 -
©7.45 (m, 10H), 1.97 - 2.15 (m, 16H), 0.94 - 1.16 (m, 48H),
0.69 - 0.79 (m, 40H). MS (MALDI): m/z = 1739.05 (caléd. for
Ci3oH146S: 1739.22). HOMO: -5.43 eV, LUMO: =3.59 eV.

20 Synthesis of compound 3 (scheme 2)

2,5-Dibromothiophene (0.05 g, 0.21 mmol), as

prepared above, was dissolved in 10 mL of freshly distilled
anhydrous THF)_and was cooled to -78°C with acetone/dry ice
bath. To this solution was added n-hexane solution of

25 butyllithium (1.6 M, 0.27 mL, 0.43 mmol) slowly via a
syringe. The solution was then stirred at this temperaturé
for 1h before a THF solution (10 mL) of compoﬁnd C (0.57 g,
0.91 mmol) was added dropwise. The solution was subsequently
stirred at this tempefature.for 30 min before acetone/dry

30 ice bath was removed. After another stirring at ambient
temperature for 2 h, a saturatéd SnCl, solution in 10%
hydrochloric‘acid,(20 mL) was added dropwise. The‘coior of

the solution turned to deep rose red immediately. The
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2 ,5-Di bronot hi ophene (0.05 g, 0.21 mmol ) , as prepared above, was
dissolved in 10 nL of freshly distilled anhydrous THF, and was cooled to
-78 0C wwp 200890/ dry ice bath. To this solution was dudsS620090e006ne
solution of butyllithium (1.6 M, 0.27 nL, 0.43 mol) slowy via a syringe.
The solution was then stirred at this tenperature for Ih before a THF

sol uti ors1i} indn) wafs c:imixxmgw fOr( @bt hgr, 20I191 amab lex twas tadded tir opw se. The

solutio en irred at, this eraturef bef ore
acetone?‘d{\?@iizcgé’)@aﬁ% éyre %e%rg%%%rp}éﬁ%? S TP ’até)%]nqﬁpe

t enper atdifes- p?’so% ,handacsapurated SHELr2r88LHEHOPrkBsk0% BMdE@ﬁB{r@“ c acid
(20 m) was- added dropw se. The color of the solution turned to deep rose

red i mmédicatssllyerthe ddleuttiasiongs wasi isubd copenddot meyrified wihd extract ed
W £ HGds ( Al 13) cHG-OLAGNC PHATS YA LOIDI Peds) AL &g over WSO
) e e ven

vaporate er reduce press 0°renove e residue
vvas subsdqgisent.| }Tkmjl’ddelped“dﬁld hr eai lbmnnlawerseu:torlale)ct@d wan oitsiadig C H 2C |

2/ n-h 1 6 t I t d band II ted t
ra e Bighind 7 e S5 5T e 4 A SSRT  TR
(400 MHz,4 09 'I%Cz‘ ! %dzc12 (?prapﬁl_bﬁ@ £ %37-H)2H)8 5% £, §_§H)2H)8 .45, 2H),

8.17 (s, 4H), -220(m
16H), 1.(60 2H]) ,1z8 (w; 453H)4H 0. 5764 0. B9 00m(m40RFH)M § -QEBALDIT). 32m(m, =

2587 4, %d04f or 62H |§%F 4S 8%587 2.‘1)4 HOV[Z8H 5.44 8V, IOUI&/Q -3.59
evV. arrp é e5| s ot ound "4 (scherre
(m, 40H MS (MALDI): m/z = 2587.14 (calcd for C162H154F24S:

2587.25). HOMO: -5.44 eV, LUMO: -3.59 eV.
-Example 3:
Synthesis of compound 4'(scheme 3)

15 To a mixture of 2/5—dibromothiophene (0.50 g,
1.54mmol) and métal Mg (0.089 g, 3.71 mmol) was édded 20 mL
of freshly distilled anhydrous THF. After being stirred for
3h at 50 °C, the solution was céoled down to ambient
temperature. To another flask containing 9-fluorenone

20 (0.61g, 3.39 mmol) in 10 mL anhydrous THF solution that was
.cooled to 0 °C, was added the clear solution of the resulting .
Grignard reagent via a double needle. The mixed solution
was then stirred at‘this temperature fof 30 miﬁ before being
<warméd up to ambient temperature by removing the ice bath.

25 After being stirred for another hour, a saturated SnCl,
solution in 10% hydrochloric acid (40 mL) was added
dropwise. The color of the solution immediately turned to
deep blue. The solution was stirred at ambient temperature
for two more hours, and the deep blue precipitate was

30 collected by suction filtration and washed with THF, water,
methanol and CH,Cl, to afford compéund 4 as dark blue solid
(0.125 g, 16

)

yield). The solubility of compound 4 is very

poor in any solventi and NMR spectrum'was not available. MS
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T oamxture of 2 ,5-di bronothi ophene (0.50 g , 1.54mmol) and netal Mg
(0.089 g, 3.71 nmmol) was added 2 O mL o f freshly distilled anhydrous
THF. Aft ewoheiom®sabi rred for 3nh at 5 0 0C, the sol uti eoTwa00mm000d down t
0 anbient tenperature. T o another flask containing 9-fluorenone (0.61g,
3.39 Mmol) in 1 0 mL anhydrous THF solution that was cooled t o 0 0OC, was

added t heumalregr: solzuH a2 1f4 the resulAd M@ @, gnardor eagentuon@: a- doubl e
needl e. The m xed solution was then stirred at this tenperature for 3 0

m n bef dr-@&&\hg IdAred3u 7 Vo anbi ent tenperature b y renmoving the ice
bath. After being stirred for another hour, a saturated SnC 2 solution i n
10% hydeagiiard @.acid (40 ni) was added dropw se. The color o f the
solution imrediately turned t o deep blue. The solution was stirred a t

anbi ent tenperature for two nore hours, and the deep blue precipitate was
col | ect @FD dewiqet if@bpriiidattion andmeasarementi t h THF, water, nethanol and C
H2CIl2t o afford conpound 4 a s dark blue solid (0.125 g, 1 6 %yvyield).

The lubility o f, co 4.] er 0 i_n . I and NWR
spect%?um was not f;lr\? | Irg;g)g'l%g.%tM%(tl\%l&L\ﬁblgya)t%: gﬁﬁ'f‘@l%%%@%. \ﬁf‘%{ (calcd. for
C34H20SZTrrark i3 ors?2 (QTFT.) HAMIn in £ig38 @VwelddMBabridated QisdWig Exanpl e 4
. TFT device fabrication and neasurenent Top contact bottom gate O ganic
Thin Fi IGReTEeHioi®9s SE6PET) shown in Figure 2 were fabricated using the
followi ng steps: A . Substrate preparation:

A. Substrate preparation:

1. p*-Si (or n*-5i)/Si0, substrates are used for OTFT
10 fabrication where p*'-Si (or n'-Si) and SiO, works as gate

contact and gate dielectric respectively.

2. Substrates as stated above were subjected to
cleaning using ultrasonication in acetone, methanol and de-

ionized water.

15 3. Cleaned wafers were dried under flow of nitrogen

and heated at 100 °C for 5 minutes.

4. The cleaned and.dried p*-Si (or n'-Si)/Si0O, wafers

were subjected to UV-ozone treatment for 20 minutes.

B. Self-assembled monolayer (SAM) grown p‘-Si (or n*-Si)/SiO,
20 substrates:

In>order'to improve organization of organic
molecules on p'-Si (or n'-Si)/SiO, substrates, few substrates

were used after self-assembled monolayer (SAM) treatment.

5. - Hexa-methyldichlorosilane (HMDS) SAM treatmenti p+—
25 Si (or n'=Si)/Si0, substrates were exposed to HMDS vapours at

room temperature inside a glove box under N; gas overhight.
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1. p+-Si (or n+-Si)/Si O 2 substrates are used for OTFT fabrication where
p+-Si (or n+-Si) and Si Q2 works as gate contact and gate dielectric
respect i webyo10doso1bubstrates as stated above were subj epredchamomb@ani ng
using ultrasonication in acetone, nethanol and deionized water. 3 . C eaned
wafers were dried under flow of nitrogen and heated at 100 OC for 5

m nutes.6 4 . The dmaned iahdldroed lrheSi (0TE) 1BEMSit)relabman :Wafegs wer e

subj ected to ,UV-ozone treatnment for 20 mnutes. B . Self -assenbled

monol ayefoq SAVPL1gr owhz piit e i MeEg Fho I suirie st or it der to

i npr ove Qg AA 1N difs OGN SH0IBEY LS AP H1Qkeltusiky Si 02
substrates, few substrates were used after self-assenbled nonol ayer (SAM
t reat rentaculmim fidex &3 metnhtedi @mldortdsinl @ud sEdVEa)t 1SAM1Eaceat rmenen pwvenSi  (or

n+-Si) /Si syhstrat wer e _expos to vapours at yaoom tenperature
o (b Zigib Dok b BF RO R gL Covar RFGnE MBS, Ponthl (9% horardSiPane. (0TS
SAM t r eaduBR¥tira s Se HeOrefibvald) /£Rich 2 heUkelysalces oMl @ hkeplughn ya dessi cat or
with a few drops of OTS. The dessicator was first placed under vacuum for 3
m nut es EAd achét tdusenremany lprace drilpdamneieen fdewi o6 0ctregerhr ee hours.
After thats p+-Si (or n+-Si)/Si0 2 substrates were renoved fromthe

dessi cator, thoroughly rinsed with isopropanol and dried under flow of
nitrogen gas . C. Oganic thin film grow h: ‘

C. Organic thin film growth:

10 A thin film of compound 1 was grown on above
stated substrate using thérmal_evaporation technique. 35-
40nm thick film of compound 1 was grown at vacuum of ~107¢

mbar.
D. OTFT fabrication:_

15 Once organic thin films were grown on substrates,
top contact bottom gate OTFTs were fabricated by depositing
~100 nm of gold as source and drain contacts using shadow
masks. The typical OTFT devices had 50, 100 and 200 pm
channel length (L) in combination to 1 mm and 3mm channel

20 width (W).

The above fabricated OTFTs were characferized in

glove box under nitrogen using Keithley™ 4200 parameter '
"analyzer. Typical Vgs—Igs and Vgs—Igs characteristic of top
contact OTFTs using QD31 as organic active layer on OTS

25 treated p'™-Si/Si0, substrates having L/W (100/3000) afe shown
in Figuré 3 and Figure 4, respectively. Compound 1 based ‘
OTFTs have shown p-type charge transport exhibiting
saturation hole mobility ~ 0.06 cm?/V-sec and threshold

voltage (Vg) ~20 volts.
30
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A thin filmof conpound 1 was grown on above stated substrate using thernal
evaporation technique. 35- 40nmthick filmof conmpound 1 was grown at
vacuum ofwokOrodosdaar . D . OTFT fabrication : Once orgamrce/scGhimobedsts wer e
grown on substrates, top contact bottom gate OIFTs were fabricated by
depositing -100 nm of gold as source and drain contacts using shadow masks.
The typimaimg@E-F:devi ces had 50, 100 and 200 nm channel length (L) in
conbination to 1 mm and 3nm channel width (W . The above fabricated OIFTs
were characterized in gl ove box under nitrogen using Keithley(tnm 4200

par anet QEVaslavwiss fahricadiopdandjeeasyregentds characteristic of top
contact OTFTs using QD31 as organic active layer on OTS treated p+-Si/Si0 2

substrates havi ng d/Wr; 10301316 Shewy) | liefii¢wee u3i3Rd Bhglad? -
respectively. Conpound 1 based OTFTs have shown p-type charge transport
exhi bi t ilng ssdthgr atonerr lolde Cepba $ i the 2 @48 enfat s eltatanidca tads Bt vol t age

(V19 -20volis Pxanple 5 1 ORY device fahricati on, and. measur enent
Orgarni ¢ &1& ovol tai c?é‘l/) devi ces usl gocab (Hd RS fthe donor and Ceo s

t he acceptaeys My Hedom : patse dubBeth teenpawad chbnFiduza ilbay e nkeen yevapor at ed
on top of th%{D%l ass/ | TQ PEDOT: PSS substrates. Two configuration, nanely
| TO' PEDGEBEEPDIC PSS/ AY Cenf Ay &Ryl adrry) and

ITO/PEDOT:PSS/1/1:Cg0/Ceo/AL (co—evaporétion) were
investigated. The performance of those OPV devices after

10 post-annealing are shown in Figure 5. The complete solar
cell parameters are listed in Table 1. Organic photovoltaic
(OPV) devices using compound;3 as the acceptor and P3HT as
‘the donor were also fabricated. OPV device with a structure
of ITO/PEDOT:PSS/P3HT/3/Al was fabricated through spin'

15 coating of the.solution of P3HT and compound 3 (1:1wt%)
disolved in toluene. The performance of the solution
processed OPV devices (as prepared) are shown in'Figure 6.

The complete solar cell parameters are listed in'Table 1.

As shown in Figure 5, OPV device with a structure
20 of ITO/PEDOT:PSS/1/1:Cgy/Cso/Al shows a higher open circuit
voltage (Vo) and short-circuit current density (Js.) compared
to the one with a configuration of ITO/PEDOT:PSS/1/Ceo/Al.
The powef conversion efficiency (PCE) is 0.60% and 0.30% for
the co-evaporated and bilayer structure, respectively. The
25 better performance of the co-evaporated sample compared to
- the bilayer one is attributed to the posibility of easier
exciton dissociation and better charge transpoft in the co-

evaporated sample.

30
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| TO PEDOTi PSS/ 1 /11 C o/ C o/ Al (co-evaporation) were investigated. The

performance of those OPV devices after post-annealing are shown in Figure 5
The congbevry®eliar cell paraneters are |isted in Tabl eci/sc2609@asviecc

phot ovol tai c (OPV) devices using conpound 3 as the acceptor and P3HT as the

donor were also fabricated. OPV device with a structure of )

| TO PED@EH&SHPSHB&&/IAIC@N&S dhabfdceairad thikiso pglt afRite re@atiped -afi ridig tsol uti on

of P3HT and compound 3 (l:lwt% disolved in toluene. The performance of the

sol ut i oﬁodft@@@ss(é/dcb?\ﬁ*b%m c%]sr‘{%t &%%)D%%‘-@ho%c? n Fidlre 6 . The

conplet par ers ar ted in_Tab| s shown in Figure
ey avete ity B ERES PN 5Pn BeoRarered RRVAESS ool Al shove o
hlgher open CIrCUIt vol t age (Vbc) and short-circuit current density (Jsc)
conpared to the one. wth a conflguratlon of ITCYfEDOT PSS/'17C 60 Al. The
power conver5|oﬁa@P¥F0|ency (P¥%E) [V 0.6094BRHACD.130% FEr t e [0- evapor at ed
and bil - e

e conpared t0.88e bi |l ayér88ne is At Bbi bubedOto the

i i et port in
Cell s€haract erpsti cg. Par anet er s:

t he coev | sample. Tabl e 10. 680l ar
pen- Ci r((ﬁpf'eV/ﬁPPEE}E p(}’)\r‘\ — Short-Circuit Current Density (Jsc) Fill
Fact or (?ﬁ?T/ﬁﬁBPPEEd(ﬁ) for thg ppepared geyices. Sgmpke vgcipVl Jsc
[ my cnR] (BE- ?rEQ@réﬁhnound 1/ C60

P3HT/Compound 3

(thermal annealled) 0.75 0.43 0.26 0.20
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0 .48 0.89 0 .35 0 .30 (bilayer) Compound I:C60 0O .68 1.52 0 .27 0 .60
(co-evaporation) P3HT/ Conpound 3 0 .60 0.26 0 .28 0 .10 (As-prepared)

P3HT/ Conpwiond1039318 4 3 2 Q (thernal anneal | ed) CLAI M5 : PCT/SGROW®AouUnd of
formula (1) : Arl=(Qu) 1n=Ar2 where each Qu is independently a substituted
or unsubstituted, substantially planar 5 to 8 nenbered conjugated ring,
optionald¢narMsed to one or nore aronmatic noieties i ndependently chosen, and
may contain one or nore heteroatons independently chosen, Ari and Ar each
i ndependently is substé%ﬁi q%&%1un bstltuted substantlally pl anar

conj ugated aronat M5 to 50 carbon atons, optionally
havi ng one or nore heteroatons |ndependently chosen, and is optlonally
substituted by one or noreasybspaniimd)y pIanarIQonjugated aromatic
structures independently chosen, and mis from1l to 20. 2 . A conpound of
formula (Ib) .

where

5 each Qu is independently a substituted or
unsubstituted, substantially planar 5 to 8 membered
conjugated ring, optionally fused to one or more aromatic
moieties independently chosen, and may contain one or more

heteroatoms independently chosen,

10 ~ Ar; and Ar, each independently is a substituted or
unsubstituted, substantially planar conjugated aromatic
structure having-from'S to 50 carbon atoms, optionally
having one or more heteroatoms independently chosen, and is
optionally substituted by one or more substantially planar

15 conjugated aromatic structures independently chosen, and
m is from 1 to 20.

2. A compound of formula (Ib)

/V?'l"(ﬁﬂ3)f-/\ﬁ'—(/hh ];/M%
' J

Qu

-
m

Ar A A —(A A
9—\—( rs)n— r2 l'e r10 (Ib)

Plq

where

20 each Qu is independently a substituted or
unsubstituted, substantially planar 5 to 8 membered

conjugated ring, optionally fused to one or more aromatic
_ 34 :



where each Qu is independently a substituted or unsubstituted,
substantially planar 5 to 8 nenbered conjugated ring, optionally fused to
one or nOWO 2ardeiiPcnoi eti es i ndependently chosen, and RaY/SGeMMYADINcONEe oOr
nore heteroatons independently chosen, Ari and Ar2 each independently is a
substituted or unsubstituted, substantially planar conjugated aromatic
structuﬁ@ih&dbmgihﬁ@meﬁdEotBQ capken , ations magpiootaliny ohaviomgmore or nore

heteroa in ﬁﬁndently %ho§§ ﬁPS Ard, Ar5, Ar6, Ar7, Ar8, Ar9 and
Ari0 ea |ﬁ8 STt PRRIgNE INs CPPGEBd or unsubstituted, substantially
pl anar conjugated aromatic structure having from5 to 50 carbon atoms, and

optional 'y contai mrngaﬁaeA@5 daite elegfaricarml  ndependasdd prpheseys, mis
from1l to 20, and | , p each, _independently, is fromO to 20, q is

1 or P@SH@stltwée@onﬁ@@ﬁﬁaaitlélléwrrpia&arzcon\mgﬁé@ﬁl gremMaEhStanti al |y
pl anay %%?u‘é%%tr%d h%rv‘l?@t leG ol %“g%“%@hfg%%n artgﬁh'sd %#E%ﬁ@tl ?' l'y planar

conj ugated aromatic structure conpound of any one of clainms 1 to 3
, Wher ehaviing sulesantioalkl hepkanat ossnjingapeddanaigt chosenyucture fornms a
bri dged substantially planar conjugated aromatic structure . 5 . The
<

conpound of any one ofAcLaugﬁllAEg'4Ah3V|Q%,aAbanq%gpAgL ea%ho eV.

independently is a substituted or unsubstituted,

substantially planar conjugated aromatic structure having

10 from 5 to 50 carbon atoms, and optionally containing one or

more heteroatoms independently chosen,
m is from l.to_20, and
j, k, n, p each, independently, is from 0 to 20,
g is 1 or more.

15 3. The compound of -claim 1 or 2, wherein the
substantially planar conjugated aromatic structure forms a

rigid substantially planar conjugated aromatic structure.

4, The compound of any one of claims 1 to 3, wherein
. the substantially planar conjugated aromatic structure forms
20 a bridged substantially planar conjugated aromatic

structure.

5. The compound of any one of claims 1 té 4 having a

bandgap of < 2.0 eV.

6. The compound of any one of claims 1 to 5, wherein

25 =Qu= is
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6 . The conpound of any one of clainms 1 to 5, wherein =Qu=isQl Q2 Q3
QU4 Qu5 Qu6 where each X, independently, is CH Nor P, and optionally
cont ai ns,worne1og96tdr e substitutents . 7 . The conpound ®CT&GR0WME006E cl ai N
1to 6, wherein the substitutions on Ari to Ario, may be one or nore

el ectron donating groups, electron mﬁthdramﬁng groups or a conbi nation

thereof. 8 . A conpound oX=ornula 1 X= 3 or X4X9 A sem conduct or
devi ce having a seni-ceﬁd@c;g#=layeﬁig i ni th onpound as defined in
any one of clainms 1 to 8 Xx¥x0 . A sen1%onductor vi ce having: a source

el ectrode and a drain el ectrode separated fro mta g%&e el ectrode by a gate
dielectric; and - a sem canduct or | ayes2 havi ng tdwe conpound as defined in
any one of claims 1 to 8 , either over or under the source el ectrode and
the drain el ectrode to fofmia charge EF nsport clafnel. 11. The

sem conduct or devi ce of § j he ﬂ is a transistor, |ight
emtting sem conductor, ph toconductorA currentRk ter thermster, p-n
junction, field-effect diode or SchottRy diode. '12.2An organic thin film
transi stor device containiQag: a pluraldusy of ele@usically conducting gate

where each X, independently, is CH, N or P, and optiocnally

contains, one or more substitutents.

7. The compound of any one of claims 1 to 6, wherein
5 the substitutions on Ar; to Ariy, may be one or more electron
donating groups, electron withdrawing groups or a

combination thereof.

8. A compound of formula 1, 2, 3 or 4

10 -

9. A semiconductor device having a semi-conductor
layer containing the compound as defined in any one of

claims 1 to 8.
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el ectrodes disposed in or on a substrate; a gate insulator |ayer disposed
in or on the electrically conducting gate el ectrodes; an organic

sem conduwbavid@y|p di sposed in or on the gate insul at opchrage09/000061
substantially overl apping the gate el ectrodes; and a plurality of sets of
electrically conductive source and drain el ectrodes disposed in or on the
or gani c-1sen condu® enliayeidusiteltr dati Ractawiing:he sets in alignnment with
each of the gate el ectrodes; wherein the organic sem conductor |ayer is the
conpound as defined in any one of clains 1 to 13. A process for

8 !
preparing an organi c@tPPHEFE | P eF Rt P dRVIERIR 0Bt AT HT PGS t he st eps

of - depositing a plurgbbsya@ldef£GhriCahty EPOLUELLDG YA g lect rodes in or
on a substrate; depositing a gate insulator layer in or on the electrically

conducting gate el ecdiobestricdepoditing a |ayer of the conpound as defined
in any of clains 1 to 8 , in or on the insulator |ayer such that the |ayer

sUbngntiaIIy_overlagsséheé gbgggciéog95'a9§g d@ggs%5$n9 gdpégrality of
sets of electrically Conducti ve source’ and drain el ectrodes tnior on the
| ayer such that eachdefitid® Betsny Sond af i ghatmé W tdh ®ackioiet heveat e
el ect r odes; '

or under the source electrode and the drain

electrode to form a charge transport channel.

11.. The semiconductor device of claim 10, wherein the
10 device is a transistor, light emitting semiconductor,
photoconductor, current limiter, thermister, p-n junCtion,

field-effect diode or Schottky diode.
12. An organic thin film transistor device containing:

- a plurality of electrically conducting gate

15 electrodes disposed invor_on a substrate;

- a gate insulator layer disposed in or on the

electrically conducting gate electrodes;

- an organic semiconductor laYer disposed in or on
the gate insulator layer substantially

.20 overlapping the gate electrodes; and

- a plurality of sets of electrically conductive
source and drain electrodes disposed in or on
the organic semiconductor layer such that each
of the sets in aiignment with each of the gate

25 _ ~ electrodes;

wherein the organic semiconductor layer is the compound

as defined in any one of claims 1 to 8.

13. A process for preparing an organic thin film

transistor device containiﬁg the steps of:
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t her eby producing the organic thin filmtransistor device . 14 . An organic
thin filmtransistor having an active |ayer containing the conpound of any

one of clwbmei1ocloot@e8. 15. A photovoltaic cell having anpagisiceenoloayst
contai ning the conmpound of any one of clainms 1 to 8.

10

15

- depositing a plurality of electrically

conducting gate electrodes in or on a substrate;

- depositing a gate insulator layer in or on the

electrically conducting gate electrodes;

- depositing a layer of the compound as defined in
any of claims 1 to 8, in or on the insulator
layer such that the layer substantially overlaps

the gate electrodes; and

- - depositing a plurality of sets of electrically
conductive source and drain electrodes in or on
the layer such that each of the sets is in

alignment wifh each of the gate electrodes;

thereby producing the organic thin film transistor

device.

14. An organic thin film transistor having an active

layér ¢ontaining the compound of any one of claims 1 to 8.

15.: A photovoltaic cell having an active layer

containing the compound of any one of claims 1 to 8.
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