PLANAR CONJUGATED COVPOUNDS AND THEI R APPLI CATI ONS FOR ORGANI C
ELECTRONI CS FI ELD The invention relates to organic sem conducting 5
materials, their preparation nmethods, and their application in
organi c el ectronic devi ces. BACKGROUND _ Organi c

nol ecul es anBLGAR NEINTUMATIED COMEOTNDH adlgh THEIF PeLAGRTHEeNappdRed i n
el ectroni c devices, includin I .G devices, e.g. organic
light emtting diodes, photo%%#%gﬁg§%§F%§%B@EF% filmtransistors,
menory cells and sensors. Conpared to inorganic sem conductors,

or gani ¢ sEIBRILIbnductors nay be processed into |arge area and fl exible
devices with low cost. Organic materials that have been used 15 as
sem conductors i nclyde, pot f subljoed And solution processed.: s,

sem conductors, such as penFacene, copper pﬁ?ﬁaﬁocyanlnes, E
hexadet afhateraedpperhpht hat esyadnt hes ,mdtiddar, eaadbasedr naiericalts,on
napht hal ene carbqdii m de derivatives, oligothiophenes,
polythiobﬂéﬁ3§ﬁn65l§5F85F8ﬂéC2%%%5§ELcopolyners, pol ytriaryl am ne
based copol yners, poly (pphenyl ene vinylene) (PPV) based copol yners,
etc. BACKGROURECent |y, a nunber of | ow bandgap pol ynmers have been
devel oped, such as pol y[ cycl opent adi t hi ophene] and derivatives

t hereof, which may be used as a Jight absarption 25 |ayer for_ organic
bhot ovol  ai G ( OPv) “AGBIT Ear s Eree L orme DETHE R Roth B a0 ud¥ 23
sem - conductikon®aimari aksapaveedemnsidatreciel thet cgopdicdiardieng

mobil ity for thin filmtransistor (TFT) application or good power
convelr1 i OTP EFISEGTEREY Ot OF Y ERRF appl § ¢ AUIGH LR 9Bk afPBt BE 52t A% TPgen
et al. Oganidcd@akkeetn 0B CohiR008.m Hrbhs iR+ otd01mdAOS, andl IDiaret
al. Chemstry of Materials, 2007, 19(22), 5230- 5237, where

p.
n-t et r at HiAFA5Fal ERBPEEERVEP| YRS IPHFamEIECBERFEAF S @ ERt s and

el ect r oni Lor@RPARIUS r6ORE I BE NG & hes U Panite %@%@nﬁe@r&uﬂeﬁ%&i@ﬁ@:
Tang et al. Synthetic Metals, 2005, 115(1), p. 100-104, where
synt hesi €lesitGarctiite aRd pPoper®i e st M tGdilrdpdtedhpourl heen used

described; s and,;W0n2,,20075118/98, and, MR} %%l’i%%ﬁ%ﬁd"‘@éf&{&l ate to

gui noi d systens as organi c sem conductors, a organi ¢ sem conductors

and t hei rerrmasfsect geaicpadpettivelguch as pentacene, copper

phthalcocyanines, hexadecafluorccopper phthalocyanines,

fullerene based materials, naphthalene carbodiimide

derivatives, oligothiophenes, polilythiophenes, pelyfluorene
20 base copolymers, polytriarylamine based copolymers, poly (p-

phenylene vinylene) (PPV) based copolymers, etc.

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

25 layer for organic photovoltaic {OPV) applications. Some of
the known organic semi-conductor materials have demenstrated
either good charge mobility for thin film transistor {TFT)
application or good power conversion efficiency for OPV
application. For example see, Leufgen et al. Organic

30 Electronics, 2008, 9(6), p. 1101-1106 and Doi et al.
Chemistry of Materials, 2007, 19(22}, p. 5230-5237, where

rn-tetrathiafulvalene derivatives, organic electronic
1



However, there is a still a need to further devel op organic polyners
Wi th n-conjugated backbones for use as 10 sem conductors. SUMVARY
The invention relates to organic sem conducting materials, their
preparation nethods, and their application in organic electronic

devi ces. dbAconrsdiang toecobecaspesipfatidfze cpmseﬁﬁn@nme@tdmnﬁ&ere is

a provid a conpound .of for Ia( Art =( Ar2 where ea Q
is i ndepe‘g]tf’é?ﬁ“lty? éir?uﬁl?tsicfﬁ? o?ari%) %gﬁ&bs%){lg?@&lg %‘Bté‘i* |%°I%y
planar 5 105 & nerhened-¢onj ugat £d dMithesaRt i aRal:kyufusgghto one or
nore aromati c noi eties independently chosen, and may contain one or

mor e het YRGS SiSn@épendBRRPiF chrgazmndaiz deacAibedacnd fependent I y
'S a sybsidguhad 0 2aquRsUbSst tedeshe ShltshanthatLy:pl anato Lo ugat ed

aromatic structure having from5 50 carbon atoms, optionally
havi ng oreysgremgpies hagenoat @mlwmb{yetm@nt Iayidch@g@nlcand is

optional | y. substd tut.ed QMdogﬁeﬁfy FrRibstant L %L&P& f\ar conj ugat ed

aromati c structures independent osen, and mis rom 1 to 20.
I n an entbbdiavent, ahetrheipresenill m/emdd)rt,o tthertbetr sdpvewmletrganic
conpound O%ﬁ%%&guu%tgl%lconjugated backbones for use as

10 semiconducters.
SUMMARY

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

in corganic 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 Qu is independently a substituted or

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

hetercatoms independently chosen,

Ar; and Ar; each independently is a substituted or
25 unsubstituted, substantially planar conjugated aromatic
structure having from 5 to 50 carbon atoms, opticnally
having one or more hetercatoms 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.



Arl--(Ard)- Ar8 Qu Ar9HAr5)- Ar2-(Ar6)-- Arlo (la) where 5Qu, Are,
Ar2 and mare as described above, Are, Ar4, Ar5, Ars,
Ar7, Are, Ar9 and Ares each independently is a substituted or

unsubstituted, substantially planar conjugated aromatic structure

having from5 to S@rcambensationdnt kel 1 icaRalhy eankatnsn ongre 10
nore heteroatons | ndependently chosen, andIi, k, n, p each,
i ndependeh? IREOYESS Gmeempaung. ot formula (Iajccording to anot her

aspect of the present invention, there is provided a conmpound of

formula (I1b): (Ar3)-Ari--(Ar4)4,Ara At5)-Ar2+Ari 0 (Ib) P q 15
wher e each Q@u Aniﬁwenggmu A substituted or
unsubstituted, substantially ‘pl 5'‘to nmenbered conjugated ring,
optionally fused to one or nore tic noieties independently
chosen, and may contain one or nu%%iheteroatons i ndependent |y chosen,

m

Am——{A@}—Aq—{A%}mAno (Ia)
n P

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

Ars, Arg, Ars, Arg, Arq, Arg, Ars and Ar;g each
independently is a substituted or unsubstituted,
substantially planar conjugated aromatic structure having
from 5 to 30 carbon atoms, and optionally contains one or

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

According to another aspect of the present

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

Ary Arg).— Arq—(AM A!’g
] k

Q

</

o\

Arg Ar5>— Aro—t ArgtTArig (Tb)
n Piq

15 where

each Qu is independently a substituted or

unsubstituted, substantially planar 5 to 8 membered

3



Ari, Ar2, Ar3, Ar8, Ar8, Ars, Ar7, Ar8, Ar8 and Arlo 5 each,

i ndependently, forns a substituted or unsubstituted, substantially
pl anar conjugated aromatic structure having from5 to 50 carbon
atons, and optionally contains one or nore heteroatons i ndependently

chosen, mdrs)dga@rdl ri8g20cpd0pnaKiy FusRdeaehonkndepestienddomnadis from

0 to 20, and q is 1 or nore. According to still another
aspect of"tifdliSiveRtiPBRANCERRF e FROFoviddEd™aY cORPBERY VF° (9T A& 1,
2, 3 15 Hethroabokisa i HBELLLHEB: (P sen, According to

yet anot her aspect of the invention, there is provided a
sem conduct or device having a sem - conductor | ayer containin%.a
conpound of the in®&ntifre-adTheriien BéscribedArs, Ars, Ars and Ari

5 each, independently, forms a substituted or unsubstituted,
substantially planar conjugated aromatic structure having
from 5 to 50 carbon atoms, and optionally contains one or

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

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

and
g is 1 or more,

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

I35 or 4,

CsHyg LCshia CgHiz CeHiz

CeHsi  CeHis



5According to yet a further aspect of the present invention, there is
provi ded a use of a conmpound of formula (1), (la) or (Ib), as

descri bed above, in an organic el ectronic device.

According to yet a further aspect of the present 10 invention, there
is provided a devi eece@aphyStHgydr corqowid agbeteor sl anhd | Jnvdd@)ongr
(I'b), as described above. BRI EF DESCRI PTI ON OF FI GURES Figure 1 shows
the cycl "%/ ti&nmPogaftECY) SoP CUHPBUTE FevigeoPaBny e Semi-

di chl or onethang oM thyA-1-M i gl abuty | ammRandms S hexahidorophesphat e
as supporting electrolyte (scan rate of 50 nV/s) using a three

el ect r ode &ifli ggratii®Adeonsi sting of a platinumw re working

el ectrode, a gold counter electrode, and a Ag/AgCl in 3 M KCl
reference el ectrodgc.-thgiARasYr potEntinals ;WpEer CopvVErd d-dQnt
saturated cal onel el ectrode 20(SCE). Figure 2 displays schematically
a struct urweaftigm, ot§anecis hppofidaed ta awsi ofor dewpeend R Huiamlshows
the volta appli.ed_o ur I, 3] | ectrodes. v . the current
flow thr ogjgh' s@&r)cgragéggf afgﬁ elldleb?:ét(:frqg1 é)g%( Vgg %las?f%%glr%ct eristic
of conpouniceclvased dEFEFeon oct adecyl trichl orosilane (OIS) treated
p+-Si/Si 02 substrate. Figure 4 shows the voltage applied on source
and gate el ectrode st rrent h sQur a raLn
el ectrodes (Vgs-| dg’)cggfrﬁgryg%t ggi %tce%ff%%%{p%o%n%%{&%asgg Eﬁ“&ngﬁgéﬁg
treat €0 pinSintSicd2 silester dtse.pdeivjuled & dissplcay sdripeicinpent <wobbage
characteristics of OPVY.device with | TQ PEDOI: PSS/ 1/ C60/ Al (bl ack
i ne) (moeffeé%“\“iié ) hat et 10 E)%de;aspgﬁéf?gg‘*d s

pol yet hyl enedi oxyt hi ophene; PSS = pol ystyrene sul fonic acid) and

| TO PEDOBHISE DEECBGOIr06N/ 28 ¥TEWRER]I | i ne) upon illum nation by AML. 5
solar sinmulator with an intensity of 50 mWV cn®.

Figure 1 shows the cyclic voltammogram {CV) of compound 1,

recorded in dichloromethane with 0.1 M tetrabutyiammonium

15 hexafluorophosphate as supporting electrolyte (scan rate of
50 mV/s) using a three electrode configuration consisting of
a platinum wire working electrode, a gold counter electrcde,
and a Ag/RgCl in 3 M KCl reference electrode. The measured
potentials were converted to saturated calcomel electrode

20 (SCE).

Figure 2 displays schematically a structure of an organic

thin film transistor device.

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

25 electrodes (Vgs—Igs) characteristic of compound 1 based OTFT
on octadecyltrichlorosilane (OTS) treated p'-Si/8i0;

substrate.

Figure 4 shows the voltage applied on scurce and gate

electrodes versus the current flow through source and drain



Figure 6 displays the current-voltage characteristics of an 10 OPV
device with configuration of |TQ PEDOT: PSS/ P3HT: Conpound 3/ Al (P3HT =
pol yt hi ophene) upon illum nation by AML.5 solar sinmulator with an
intensity of 50 mWcnR2. Figure 7 displays the current-voltage

char act erd sddtasdels an, ORY; de68 cwetrhs€08f b gus@tip@mdfl based OTFT
| TO' PEDOT: PSS/ P3HT: Co ound 15 3/ Al anneal ed at 150C for 30 mn.
upon il | Ui RS &?eﬁyt}eﬂl\/ﬁ ‘5513/0317% SPRRFER1G- with an intensity of 50

MmN cnR. DETAI LED DESCRI PTI ON _ CGeneral |y stated, organic
sem condutigui@ mabespakh§sofhd ha;we/fﬁjwoqrﬁa@l’eecﬁ@fr@@@@ﬂlﬁlcth an
conj ugat ed mol ecul ar |20 backbones, in which the two conj ugat ed

mol ecul ar’Badeyénes vare | TAKEEPHY Pag%/&b/%@a/rﬁ% alPigep éha? (Yloepe

menber ¢d GoNj-UGLE ! kDY, of Okic ex@éﬂ&e ﬁﬁ‘i‘y@@h?léh@&&i%opﬁ%n@
bri dge, as shown in formula (I above he resulting structure may

gener al | yPSrSesemlésﬁmrPPGha@bﬂom eslildar 228 structure, for exanple.
O gani ¢ ser Gandkcbkag, mpter el 597 (LheLaventden, 118 (i3 hYPeon

materials or n-type maiteria s and nay be use as ctive layers for
organi ¢ éhedttlon codevi sdsylaigr wiHim o limtenansysedrs) mwhitmdvol tai c
cells, photo detectors, light emtting diodes, nenory cells, or 30

Sensors. £y oanl G %?g%grgggrﬁﬂé” %@Je‘?{ﬂ ‘%los.it%f t@ﬁach‘!@é‘HQ&&ayoéj%n

applied as Tactive roug ution rocess or “vacuum
deposi®@i arpv fdervierampkk. cénfiguration of ITAZPEBSTr PHedr AoVEmdred

present IjVﬁﬁneﬁ%%TprOV|ge§hloéh el”H%ég ﬂl &%Ekgtﬁ'% by AM1.5 solar

simulator with an intensity of 50 mW/cm?.

Figure 7 displays the current-voltage characteristics of an
OPV device with configuration of ITQ/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 the invention are composed of two conjugated molecular

20 backbones, in which the two conjugated molecular backbones
are linked by a substantially planar 5 to 8 membered
conjugated ring, for exampie a guinoid-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 semiconducting materials of
the invention may be p-type materials or n-type materials
and may be used as active layers for organic electronic
devices, e.g. thin film transistors, photoveoltaic cells,
photo detectors, light emitting diodes, memory cells, or

30 sensors. Organic semiconductor materials of the invention
may be applied as active layers through soluticn process or

vacuum deposition, for example.
6



Arl=(Qu) =Ar2(l) where 5each Qu is independently a substituted or
unsubstituted, substantially planar 5 to 8 nenbered conjugated ring,
optionally fused to one or nore aromati c noieties independently
chosen, and nay contain one or nore heteroatons independently chosen,
10Ari and Ar2 each psndependesd | ypde @ SHbHiriskdhed: A e ssab St ddwitre,
substantially planar conjugated aromatic structure having from5 to
50 car bor? &GS GpritoAaFFY L falihg one or nore heteroat ons

i ndependently chosen, and is optionally substituted by one or nore
substantially planar 15 conhygatgg ~SAgmatic strwetures independently

chosen, and mis from1 to 20 I n one enbodi nent there is
prOV|ded a conpound of fornula (la) Ar7--(Ar3)- Ari-(Ar4)- Ars IL Q
Ar9--(Ar5jR%%®- (Ar6)- Ari (la) 20 where Q, Ari, Ar2 and mare

as descri bed above, Ar3, Ar4, Ars, Ar6, Ar7, Ara, Ar6 and Ar10 each
i ndepefidently is aesudbsbit ubedn@pdisdasty tuk@dstituted 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

heterocatoms independently chosen,

10 Ar: and Ar, each independently is a substituted or
unsubstituted, substantially planar conjugated aromatic
structure having from 5 to 50 carbon atoms, opticnally
having one or more hetercatoms independently chosen, and is
optionally substituted by one oxr more substantially planar

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

In one embodiment there 1s provided a compound of

formula (Ia)

Ar]r _(A r3)__ Ar-;_(An;)_ Ai"g
JJ‘I\ :

Qu

l | Tl
Arg_(Ars)f AI'2‘(AI'6)_ AI’1U (Ia)
n P

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

Ars, Ars, Ars, Arg, Ars, Arg, Are and Arip each

independently is a substituted or unsubstituted,



substantially planar conjugated aromatic structure having from5 to
50 carbon atons, and optionally contains one or nore heteroatons
i ndependently chosen, and j, k, n, p each, independently, is fromO
to 20. 5For the purpose of illustration and without limtation,
conmpoundss fs d-0rmuhay( bl aRE x (&5 U PRE oBaRLesHlak Wed dhfvieM W)
range of from 300 to 300, 000, and including any internediate val ue or
range thef®™.> to 50 carbon atomhe amcb%#tloiﬂﬁ\ltim Fentalzd Provrdes a
conpound f, 1Q, frar ok 861 B e fM B tAiyonosbhl 4hndArs Qu rn
(Ar5)-Ar2+Ario (I'b) "P 1g where each Qu is independently a
substituted or unsubstituted, substantially planar 5 to 8 nenbered 15
conjugated ring, optiénallyPfeaet tigdswmencenibre afofeen < i étli-es
i ndependently chosen, and may contain one or nore heteroatons
i ndependent |y choseq, the purpose of 1118 raRE 8n §5&1wf¥ﬁbugvs1 Art,
Ars, Ar9 and Arn each, independently, forns a substituted or
unsubst i thitddatigngubstaneids | ¢ plamarlacdidj) ugat éda aroveatliavsta uct ur e
having f QM. 8,5Q<68RDOM A OTE. . A0 DU ARALbY £ONSG o PNere MoT €
het eroatons 1 n epenge tI'y chosen, Is fromlto ,

including any intermediate value or range therein.

The present invention also provides & compound of

10 formula (Ib):

Ar7 AI'S)‘_—AH—(AM N Arg
J

Qu
m
Arg Ai’5)— Al‘g—( Ars AI’1 0 (Ib)
n Plg

where

each Qu is independently a substituted ox
unsubstituted, substantially planar 5 to 8 membered
15 conjugated ring, optionally fused tc one or more aromatic
moieties independently chesen, and may ceontain one or more

hetercatoms independently chosen,

Ar,, Ar., Ars;, Ars, Ars, Arg, Ars, Arg, Arg and Arjy

each, independently, forms a substituted or unsubstituted,

20 substantially planar conjugated aromatic structure having
from 5 to 50 carbon atoms, and optionally contains one or

more hetercatoms independently chosen,

m is from 1 to 20,



j, k, n, p each, independently, is fromO to 20, and q is 1 or nore.
For the purpose of illustration and without 5 [imtation, conpounds

of formula (1b) nmay have a nol ecul ar weight (MW) range of from 300
to 1,000,000, and including any internediate value or range therein.

For the purpose of jil lysty,atd ogz@nd WhadoatadAdnt atidng- i ®m theoo,
conpounds of formula (I'b) may range 10 from1 to 100, and i ncluding
any interdti ate val ue or range therein. I n yet another
enbodi ment of the invention, there is provided a conmpound as

descri bed above hayi ng a hew,bandgap (for exanple, 2eV). 15In anot her
enbodi nent of the invention, there is provided a conpound of fornula
(1), (la) or (Ib) as described above, wherein any one of Ari, Ar9,
Ar9, Ard, Ar9, Ar8FoAr #heaperregd oihd LArgGreGiRe anfdi b dhowubstit ut ed

or unsybstiidiuled onsUBshaBLhak | ¥r Pt AR LAMLYIREGINRTOMRIA S ZQi1ar |
structure. | In a still another enbodi ment of the invention,
there is 'Wichitddd -&-¢conpotindodbf ffem mila t@ )}, 00PaPO0Br Fndh)irgsluding
descri be . . ej n I+ A9 Ar9, Aril, Ars, Arg,
Ar7, Ar8,CLi rgxgﬁﬁ%%?%gk?o?%%ug rﬁ%ﬁ@%{tgégggpfuted or 25

unsubstituted, substantially planar conjugated aromatic structure.
For the purpose of illiustration and without

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

therein.

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

bandgap {(for example, ZeV).

15 In 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, Ars, Ars,
Arg, Ary, Arg, BAre and Aryy forms a rigid, substituted or
unsubstituted, substantially planar conjugated aromatic

20 structure.

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

25 unsubstituted, substantially planar conjugated aromatic

structure.

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

30 combination thereof.



In yet a further enbodi ment of the invention, the substitutions on
Ari to Arlo, may be one or nore el ectron donating groups, electron
W t hdrawi ng groups or a 30 conbination thereof. The
conmpound of forrmula (1), (la) or (Ib) as defined above may form an

H shaped structurerhW thagbubei H9 Round .t Q1 theqyYoritih)s helieved
t hat a conpound of the invention having an H shaped structure in a

pl anar 5 thifiegurerenTadytPER| 31 thitsdapisel BEFRAERBA- of VB YT fsilagal

ordered sthyefures kpeg. film hemmlecy %hg@yabgoﬁl%nhryd conidgat ed
al ong both backbones and al so the bridge of the H shaped structure,

whi ch mayi bersémef heivahgf en Eheraeedrisgiratcitomeand/ arptamarsport from
one bagkbone. %r%%tope{na The. 10, tcaqi@ocﬁl,l%dsfo% tbe '”%{’r@en”%n%'fo
Hi'g - ed- ol ecul ar corprtal’ { and

possess | ower hés otcupi
| owest - unoctupicednehecukas o bd t&al le(.LUVDe enéegyléevel Se and lgossi bly

much | ower LUMO ener | evel s th convent.ional p-type. organic

sem condtfc?n(?rusg’.at‘?ﬁe a%ﬁgrb?@/ﬁ)ae%og@fsl &8 §Eﬁrﬁygléﬁh]§ﬁjc‘%getgl‘?g 14

st abi |l i t yu-ofhdphel cerpeuads, appl dredndn ber gankeeiel eTt roni ehgeyd ces and
the lower LUMO energy levels may lead to | ower bandgap (difference in

ener gy betAEETICOMBIEAGT HERE) SR nehP™ ORér BREKRONS %% He Yesitef iTERal

for organidmdhelevelt ahe (LFMtdayigss MsbhpBkghs opess &t neie Mal t age
(V'). For the 20 purpose of illustration and without linmtation, a

| ow HOMO GRfPIIeazmglgceiar whfpetal | GWMOUMBNARYoBesS LB @pied-

Some of the Jeatu espibal BYuof NGIEIRS QevhE sPr 858NLod S B NE fEPOUNdS
of the invention may include one or nore of: (1) H'shape planar

conj ugat edvstr dEigr enef2y lovebs VO cengegyibagel BTLY3) @vEmilower

LUchener féaﬁﬁdétggg.(é%el%?Wgﬁquﬁamengqggoﬁeggig ﬁg¥téﬁ%a %Y%Pe
menti oned properties can be helpful to 1 nprove the charge nobility
for THY, dtaghtligbserfpthencefifocidnapplMedand pogeniconvertsiornic
effici ency, S\ SRYS +10e28, 8L ORRIS | SR/ TRY 18838NE8Veead to lower
barndgap (difference in energy between LUMC and HOMO) and
may, therefore, also be beneficial for organic photovoltaic
(OPV) devices with high open-circuit veltage {Vs.). For the
20 purpose of illustration and without limitation, & low HOMO

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

Some of the features that may, therefore, be
present in the compounds of the invention may include one or
more of: (1} H-shape planar conjugated structure, (2} low

25 HOMC energy levels, {3) even lower LUMO energy levels and
(4) low bandgap. One or more of the above mentiocned
properties can be helpful to improve the charge mobility for
TFT, light absorption efficiency, Ve.c and power conversion
efficiency for OPVs. These properties may be achieved

30 through selection of bridge and backbone moieties, and

substituents thereof.

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

represents a bridge between substantially parallel planar

10



30 through selection of bridge and backbone noieties, and
substituents thereof. In a conmpound of formula (1), (la)
or (Ib), =Qu= represents a bridge between substantially parall el

pl anar conjugated structures represented by Ari and Ar2. In the
conpound &nfuyadlad skhhet e Sréiathddy apait Hfq daubl erhopgds to
each of Ar2 and Ar2, respectlvely Further, Qu may contain one or
mor e subsEdtREMCs Ofs feRmasaa! ¥hsébldﬁb@&ﬁ@@dSbﬁDPeP?lErO%ﬂﬁéﬂéﬁbaton]
or both. 4 ane enbodi genk, QhdTaL fowg QU Qi M- ke napi eby. nsyich
as Qul Qu2Qu3 X=XX=XX=X (NI') (Si) 5Qu6 where each X is,

i ndepende}‘ﬂﬂ%ﬂircon@-lorl\lmgrePsulaﬂ@%vmta,n S@l&bhaquaném@led M@mmﬁie:t y is
opt! onal | I IPRENEALLL 10- SHDSLL Il 80 DY (0UR<OLIRA S ALY Lo, oY
or ary ibstitt Ut ent s t o Oné or nobre aronat
nniet|es.fdhmtduqu;neadhlmkeAmmleﬂyt/&dbh st he conmpound of formula
(1), (lta) or (Ib), as described above, generally 15 forns a

substantially planar qlugate ogatlc strycyure. Wthout being
bé

bound to any one th eo it is Sye t hat/ the planar structure may
allow for better int g%lon of orbitakg“wthin each of Ari and

Ar2. This may al so be i eved by fornlng & 1g,d conjugated aromatic
structure,
Qu3
=X X=X
FE; R{ Rg
Qud Qus Que

where each ¥ is, independently, C, CH, N or P, and wherein
each guinoid-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

formuia {(I), (Ia) or (Ib), as described abocve, generally

15 forms & substantially planar conjugated aromatic structure.
Without being bound to any one theory, it is believed that
the planar structure may allow for better interaction of the
n-orbitals within each of Ar; and Ar;. This may alsc be
achieved by forming a rigid conjugated aromatic structure,

20 for example, without limitation and for the purposes of
iilustration, by means of bridging within each of the Ar; and
Ars, such as, in an arylene group as shown in compound 1,
shown above. Ancther 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 Zr; and Ar:

groups. The substituents may be present on any one of Qu, Ar;

11



20 for exanple, without limtation and for the purposes of
illustration, by nmeans of bridging within each of the Ari and Arm,
such as, in an arylene group as shown in conpound 1, shown above.
Anot her way of achieving this nay be through substitution of either

or both ofr tdhe  grRUPSHowbbstiddient Sr23uRBY i ber LHOSRN tikad st the
rotational freedomof Ari and ArZ2 groups. The substituents may be

present oiffBfedoretefricnal AFpeedm AT Re 18B8VECHR | BIBR TR or
substi tutiqn l.e - ed ti ed y lead to a
d&ﬂdgg[%éﬁgd adoh9rf educed. ¢ pLAt iy giakle];l'f:@, HH{,}aIgerHE?t

pl anar conju aromatic structure, an ence, may permt inproved
i nt er act i iorpwfveché niieorbitah sof S8lect-iaridhis.substettioems My

al so, for_ex I enhance the processability for device fabrication.
A2 et AP e S NS et 1 e EhateST K at fon and for
t he pur pases-eafsadlillustr abrotevare afadreratgoaup, an aryl ene vi nyl ene
group, an arylene ethynylene 10 group, a heteroaryl ene group, a

het er oaryl ene vi nyl ene or _a_heteroaryl ene et hynyl ene grou
that can forma doﬁ%?eaﬁéﬁggmffﬁ Cent T Cﬁ#ﬁfffd%ﬁﬁlﬁrgehaglﬁggg:5
to 50 nuclieusagdchoandt 668 whe churmysdie cFubstiutukedi o@ndanrer yCenteal N

one or more 0, S, N, ?i, or,RﬂFetero atons. 15The Ar2= iéiz qui noi d
st ruct ur &P al’So BE -SUbsY it €Y BiF Oie 6 Aore Tarthef" wrdimti c
groups) SHUeuAS d Mece0APPUAHe Of rd1gF MY avcltkabarascdefl v Negh ahovgoupach
Ar2, Ard, Ar9, Ar9, Ar7, Ar9, Ar9, and Arn in a conpound of Fornula

(1a) are Shdep&identrylenssehnyhd SR BOVen aR¢FeRdn gtotm,e Zpuade

aryl ene Wdnd eNengQURra@Noal YALN@nat AYNYE8ne MfOUP ccashehgEpary| ene
group, a heteroaryl ene vinylene group or a heteroaryl ene et hynyl ene

group, ha&RATRPTS AtEMS0 whiehetay cee Lo dtidivdedwnipef Fay ®ensubstdneut ed,

and may cantajn enegor ymge 0, NS, QB heteroatonms. 25The
repetition nunber j, 'k, n, pi1s an integer of 0 to 20, while the

repetition nunber mis an integer of 1 to 20. The
substi?utions on QFher AamPwie 20fuARCId t Bt G IITEamaynéfadebef or the
purposes §Hb§éﬂﬂﬁ%%@ﬁbyoeﬁe389 Mﬁfém%ﬁrther aromatic groups, such as

in a compound of Formula (Ia), as defined above. Each Ar,,
Ars, Ars, Arg, Ars, Arg, Arg, and Ariy in a compound of Formula
(Ia) are independently chosen and may be an arylene group,
20 an arylene vinylene group, an arylene ethynylene group, a
hetercarylene group, a hetercarylene vinylene group or a
hetercarylene ethynylene group, having 5 to 50 nucleus
carbon atoms, which may be substituted, and may contain one

or more O, S, N, 8i, or P heterocatoms.

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 substitutions on Qu or any one of Ar; to Arig

can include, for the purposes of illustrations and without
30 limitation, one or more functional groups, such as, halogen,
a hydroxyl group, a carbonyl group, an amine group, a thiol

group, a nitro group, a nitrile group or a cyano group, O

12



30 imtation, one or nore functional groups, such as, hal
hydr oxyl group, a carbonyl group, an am ne group, a thiol
nitro group, a nitrile group or a cyano group, or can be
substituted or unsubstituted al kyl chain, alkoxy chain, al

ogen, a

group, a
a

kyl thio

chain, aldy| 38 no sghakneyabieny ! ehaidt; @lckyunyh kghatfa: & Vukoxy
het eroaryl, arylam no, heteroaryl am no, aryloxy, heteroaryl oxy,
aryl t hi o,chvdtrer gakylthio, cBabral ddHylavdner garyhal Rykenyl kghiasin.yl or

aryl ger nye{lkdrﬁgzﬁlgé:?l%ikbeggyf?yhéﬁ%%c%e{}/lqe a%%?%&%!%t eﬂ?f‘r’%és(?ar

functi ona e 'purposes of i

e or nore
i on,

where Qu dmsire,quirydpdyl i ketandet yl oxyt, rEywlhéisel Betedodrwimiting
followng 10 .listed, structures,. or o] het erocycl i c, qui_noi d-|.i ke
V\% ga kazlt, %eteé?aﬁyfﬁfﬁﬂ;, g’llﬂz;%llgzq_ya ort ﬁéng%?{lr%}fl éqalcthtOf

noi ety t Fat™ ¢ont ai 7S ms.” 7l n ur

es éd

bel ow, eatte=% eryl dukndependesitarbat@Ed, «NthobnP, candor@myfie-tional

substituted by al kyl, al koxyl or aryl groups. X=XX=X ( )
X=XX=X gﬁo%ﬁ%® Qu4Q5

) X=X Qul

For the purposes of illustration, where Qu is a

quinoid-like moiety, it may be selected from the following

10 listed structures, or may be a heterocyclic guinoid-like

moiety that contains S, N, O, P, 5i atoms. 1In the

structures listed belcw, sach X could independently

be CH,

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

groups.
X=X X=X X=X
ﬁm<¥=£>mx =ﬁis)b= ==§XQE=
R Ry
Qu Qu2 Qu3
X=X X=X X=X
— = A= L =
% R "Rq
15 Qué4 Qus Qus

The Arsi, Aryg, Ars, Arg, Ary, Arg, Ars, Arip can be

divided into two groups, the connecting group, which include

Ar; -~ Ars, and the end-cap group, which includes Ar,

— Arig.

20 One or more substitutions in the connecting greup or cone or

25

more substituticns in the end-cap 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,
or arylene vinylene grcups. Electron donating groups may

increase the hole transporting ability of the materials.

13



The Ar3, Ar4, Ars, Ars, Ar7, Aro, Ars, Arlo can be divided into two
groups, the connecting group, which include Ar3 - Ar6, and the
end-cap group, which includes Ar7 - Arlo- 20 One or nore
substitutions in the connecting group or one or nore substitutions in
the end-cap group may be el ectron donating groups. Electron donating
groups may be, for emmpieverd witbhbltutigris dni che thophsmd group
triarylam Bo. ogL SARAZDl AL RHPE0n 0 O1HE! Bleabpon gl%ar&a ngearyl,
aryl ene, 25 or arylene vinylene groups. ectron At | gryoups may
i ncrease t kéehbrentwarshemtingggabiupst y Rifedthenmat ehiiahging Qreups nore
substitutigns |n the connecting.gro or .one or .nore_substitutions in
the end-cap gr %ﬁp n W eﬁ%a”gigc?ggnwﬁ%% ARG r-Stips® BX® o)
Wi t hdr ati ngagppupsderyi diesd beloexaspl gaandk wirkeheut mbi-@i h#lld Qroud,
group (al) to 5 (a33), identified below, qor may be one or nore halo
O oup. oy hRUSEPHESI (H g TR AT P  RRUTgH. oD
sul phonyl gueppenPr Penfd ueroakkylu@feum:yiElgeipon w ékdra ng groups
may increase the stability of the materials. (R)gre (R
wlthdrawing groups may increase the stabilify of the

materials.

N—N N—N N—N = R
I\ =\ LRY, M\ LR ANAR N=\ (R
- B o

a4 az ag a4 as ag ay
R R
L O - O
N/ NN
N—N
FoN o 7o
NN E ;
NN N N NN \ /s\
I Rl Rfl

R
5] dg 50 aq 812 a3

R! n 1 " RI R
N N
A 7N
N SN NN N N N
N/ \N N/ \N N
& B! —<\ f% _
C N {N /A 3 N N
& N\S/N N\O/N N\N/N N/
Y w; ;m
10 aiq A5 ap as7 a1g asg

/

(R)y
N RS _ (O \ 1/8
SSENESE NG Ua WL Sk e

N S o] o S e N =N
( R“}a"‘lrE[?}—— (R%C{-—\\{O:h?_ (R Eq gj:l\%_ (R i .y E TI\I\>—"" (R%CT_E://\J: IN—R'
R R

25 225 237 azg agg

N o) N 3 N N
= = = =
e — \ S fﬁjE:\ NN
( q ‘\/H\:N/ (R Ry | N/ (R‘L‘t;q ~ l N _t\N \N'N R

1
R’

a3z agi a3z a3y
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fr'S\ (R g/ q 223224 R 25anananan 230anana33 The
term'sem conductor' as described herein is generally understood as
being a material that has an electrical conductivity between those of
a conductor and an insulator. 5The synbol "/" means an interface

between the (wo maberl ALeandef e, suhol " s WOER, $6DATALLG, L0
materials means that both are in the sane |ayer. he term
'p-type' gefers ityo vadsertcoddastiorindat mutefréerd tbatomaicdn hol es.

electrical conductivity between those of a conductor and an

insulatoer.

5 The symbol “/” means an interface between the two

h)Y

materials and the symbol “:” when separating two materials

means that both are in the same lavyer.

The term ‘p-type’ refers to a semiconductor that

prefers tc conduct holes.

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 semiconductocr layer centaining 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, doukle bonds. The double bond
may be replaced by an atom having a lone pair of electrons,
such as a heterocatom 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
would allow favourable interaction of the n-orbitals, as has

25 Dbeen described above. Thus, a compound having a
substantially planar conjugated ring or structure would have
a low dihedral angle within the conjugated system, for

example.

The term ‘fused aromatic moiety’ as described

30 herein, refers to, for example, naphthylene, anthrenylene,

15



10The term ' n-type' refers to a sem conductor that prefers to conduct
el ectrons. The term ' material' generally refers to a

subst ance, for exanple, a sem conductor |ayer containing a conpound
of the invention. 15The term ' conjugation' generally refers to a

syst em of i ;e Gevakent by bonses \@Héhaaith%@a?néﬁg. si NGl enaNdised
mul tiple, for exanple, double bonds. The double bond nay be repl aced

by an at o WRAIg "R 1iESHe pAFrewI Rl e tdesiEibsdcRPase arketietattom i n

thi ophene, ¢ cHi § 1SXSESMTBY - Pr Q¥ IS PG NingenaLalk, delogald #atd on of
the el ectrons across all of the adjacent parallel aligned p-orbitals

of the atomstyFhe term 'substantially planar conjugated ring or
structure' refers to a conjugated ring or structure that would all ow

favour abl e interac%%gnégkmthﬁe{gfg%%£@|%5_%%F§§%F§§ been; fdesgrd hed

above. Thus, a comnpoun aving a substanti a anar conjugated ring
or structiur emadloth havehaas ow dihed¥.alSiargl €, wtbhi exéhel €onj ugat ed
system for exanple. The term'fused aromatic noiety' as described 30

herein, refers to, thar ,@xaPLg.; D td})éloe%%ywﬁm:@rﬁ@%%ﬂp nless

i ndenyl ene, azul enyl ene or phenanthrenyl ene’” In the fused aromatic
moi ety, tdideawdmsl epedésteilbethnbore mayprhdveot W6 asvpen tdtamsf.or Mn

part of bog d_the_fused aronmatic .noiety, 5The_.term ' heteroatoni
as descri%og% %F%?iﬁm?’%?%fsé‘i‘% %fnk:’giocr%alélugﬁyag?vaf fSC,’r I\fxaﬁp%oer’ P, for
exanpl@. from 1 to 18Therhbkyitahali n Ias crsed anpolienenter eite wilkgss

OthermﬁS%ﬂiﬁ%?%&begb,n?XIhgggmg é"g ié)gyayi?rggg %é?“gé dfkhout
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-pentvyl,

15 t-pentyl, n-hexyl, i-hexyl, 1,2-dimethylpropyl, 2-
ethylpropyl, l-methyl-2-ethylpropyl, l-ethyl-2-methylpropyl,
1,1,2-trimethylipropyl, 1,1,2-trxiethyipropyl, 1,1-
dimethylbutyl, 2,2-dimethylbutyl, 2-ethylbutyl, 1,3-
dimethylbutyl, Z-methylpentyl or 3-methylpentyl. The Ci.g

20 alkyl group may contain one or more substituents and may
further be, for example, and without limitation, interrupted
by one or more heterocatoms which are independently nitrogen,

sulfur or oxygen.

The alkoxy, alkylthio, alkylamino or other
25 hetercalkyl groups as used anywhere herein unless other
specified may have from 1 to 30 carbon atoms. In some
embodiments, the alkyl chain may have, for example, from 1
to 18 carbons atoms. For the purpose of illustration, the
carbeon atom chains cf the alkoxy, alkythio, alkylamino or
30 other hetercalkyl groups is the same as the alkyl chain

described herein.
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sone enbodi nents, the al kyl chain nmay have, for exanple, 10 from1l to
18 carbon atons. In other enbodinents, the alkyl chain may be, for
exanple a Cl-6 alkyl, and may be without limtation, any straight or
branched al kyl, for exanple, nethyl, ethyl, n-propyl, i-propyl,

sec- propyl,
sec- pentyl, ' |,
et hyl pr oA Trigst RPPC2I by I PriofAve £réfhyl £2- et F3FoRHcms . In

1,1, 2-triggthylprapkbned, dn (
2, 2-di met hyl butyl, 2-ethylbutyl,” 1,3- dine

N-but ylhel abkéy)i $OArDULY lusel- BH Wher&-REMM urieReNt Y,
15 t-pentyl, n-hexyl, i-hexyl, 1,2-dinethylpropyl, 2-

- et 1 ve, i rom
T R o T g ety

or 3-net HylgeendtykcarPhe 8tcmws 20 i ohegr smporapetdnt ailre gnidedry Inor e
substi4 uent
interrupte&
ni trogen,liguiltagioor erygenraildie: alk dxpncakkybikeoyl al kot amanrp ler,

ot her 25 het
specifieg

f h v | d.wit t,. 1 im Lon,
rafd "By TRt g)%]arpg?le, af @Xsaglﬂﬁégngﬂ‘ aPr{]‘% rlé% é’eejnlt“{yfth%lton

y one or nore heteroatons re i e

roal groups as used anywhere_herein unl ess other.
R Vet o LEE e S e o A SR 2 Th shi-Hiod et 4

t he al kylbwzhaier 2rgy , havient &06- Bxanplzebukeam-1-10, 18-wardons -ations -
For the purpose qof il]Justratjon, the carhon atom chajns of the
2 Rk hrt o PBbT kyr !

al koxy, &R 4Pk

ord 3 GEREF “ABES VI griomse iederfa

sane 85 the alkphtehain-gescrihad fherai-§1, 4-pentene-1-y1,The al kenyl
group as used anywhere_ herein unl ess otherw se specified, nay have

from1 t ®BERCArbBRTAY bRkTYin St @fboalMaERY S~ Lt hel al KHUEEE R may
have, for@xaaphe fir omdutond8, Garhen -atoms. oLp, ether, anhodiments,

t he alkeqyl

15

20

25

30

butene-2-methyl-1-yl, 2-pentene-2-yl, 2-pentene-3-yl, 2-

pentene-4-yl, l-pentene-4-yl, l-butene-3-methyi-2-vyl, 1-

butene-Z2-methyl-3yl, l-hexene-l-yl, 2-hexene-1-yl, 3-hexene-

1-yl, 4-hexene-i-yl, 5-hexene-1-yl, l1-hexene-2-yl, Z2-hexene-

2-yl, 3-hexene-Z2-yl, 4-hexene-2-yl, 5-hexene-2-yl, l-hexene-

3-yl, 2-hexene-3-yl, 3-hexene-3-yl, 2-hexene-4-yl, l-hexene-

4-yl, l-pentene-4-methyl-1-yl, 2-pentene-4-methyl-1-vyl, 3-

pentene-4-methyl-1-yl, l-pentene-2-methyl-5-vyl, l-pentene-4-

methyli-2-yl, Z2-pentene-4-methyl-2-yl, 2-pentene-Z2-methyl-4-

vl,

l-pentene~2-methyl-4-yl, I-pentene-4-methyli-3-yl, 2-

pentene-4-methyl-3-yl, 2-pentene-Z2-methyl-3-yl, l-pentene-2-

methyl-3-vyl, l-butene-3,3-dimethyl-1-y1, 1l-butene-2,3-

dimethyl-1-yl, 2-butene-2,3-dimethyl-1-vl, l-butene-2,3-

dimethyl-1-vl, l1-butene-2,3-dimethyl=-3-yl. The Cs_s alkenyl

group may contain one or more substituents and may further

be,

for example, and without limitation, interrupted by one

or more heteroatoms which are independently nitrogen, sulfur

or oxygen.

The alkynyl group as used anywhere herein unless

otherwise specified, may have from 1 to 30 carbon atoms. In

some embodiments the alkyl chain may have, for example, from

1 £o 18 carbon atoms. In other embodiments, the alkynyl
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5 chain may be, for exanple, a 01-6 al kenyl, and nmay be w t hout
limtation, any straight or branched al kenyl, for exanple, vinyl,
allyl, isopropenyl, 1-propene-2-yl, 1-butene-1-yl, 1- butene-2-yl,
1- but ene-3-yl, 2-butene-1-yl, 2-butene-2-yl, 1-

propene- Zy@thwhyloxl , f@rpéﬁ}@fll%2mw&1kyﬁ}(l lapeniepnarel witBowk,
2-pentene-1-yl, 3-pentene-1-yl, 4-pentene-1

but ene- 3]ﬁﬁﬂﬁﬁilfnylan2 %E%%HﬁﬂgcﬁéﬁﬁVPCTEQIalgy%ﬂ%en@33€xampler
met hy1- ]-ﬂdeth¥n9§te@e go%?ﬂywl éLﬁgopy%yQUtﬁnSungFEhyﬂ ﬂuﬁynyl -
3- but ene- 2- net hyl - -y? entene-2-yl ;| 2-pentene-3-y

pent ene- ¢Mﬂynyiﬁpénbehénﬁ3yyl Jlinﬁnﬁm@ygvn@thyntznyl yhr 3ﬁpemtwh-
1- pentgen nmet | pent e yl

penteﬁi ?‘ﬁ%{h3|¥fn%FX %%ntp %ﬁ Loy kaﬁnszﬁﬁgﬂgﬂ'l yis
met hy1- 2- Mbutgmpéﬁmeneyn-mh,ylL—z}eydy, —prémt éﬁbeﬁymr-el-l‘lyn- B-hpbeyn-

1- pent ene- neth | - 4- ene t

pent ene- Hﬁthyl%§X§PY£2y%en(3%§%? ?ﬁyl 35 ng&'%éﬁ?kﬂgfifyl’ 1=
met hy1- SQAntyh-BHmeﬁﬁyB B—ﬁlﬂﬁbﬁ%&ﬂ@ﬂym métbylemeyﬂ &:ﬁﬂiyn 2,2-

di met hy1- 1- 2- but ene- 2 di met h but ene- 2,

di met hy1- dff%j%twir Bui/én%r23333‘ﬂt}¥f%t2|1ffd§“'s?lthy#ﬁé - 671 @nwl&rﬁf&aﬂ; may
contaj( Qv mER €ofUbShi SMeN:S rId Y skUELBEEsbend fly egmebe, and
without Iimtation, interrupted by one or nore heteroatons which are
|ndependéﬁ@ﬁ?lﬁvtﬁB@eHlt%QW?Lﬁlﬁﬂﬁﬁﬁiq@xyééﬁerrupted by oneTiE FPE§nyl
group as Hisedarywhels: Ber ekd Ul s Rbherwhserspeg i edu .y have
froml to 30 carbon atons. In sone enbodi nents the aIkyI chain may
have, foroxeegiple, from1l to 18 carbon atons. In other enbodi nents,
the al kynyl chain nmay be, for exanple, a C2-6 al kynyl, and may be

wi thout limtationghany,giral ghteifro b%%@@%%? QEKMQ¥&1aﬁ PAhsanpl e,
l-eth nyI 1- propynyl, 2- propynyl butyny 2- butynyl 3- butynyl,
1- but 31957-1emlupéﬁﬁynythezwmt%mq-fyled 3mpafnb§fﬁe Srqmﬁ to 60.
3-pentyn I I yn

1- but yn- gghé / eRBBFXHe&R%X§%% R f§ﬁg§§2¥i %fyiex%ex nfave’

4- hexyn- |£opi ex@maéﬁynfiowlé uprﬁQHQﬁrb¢nn@mhwb 1- Yhe a;ylamlno as

pent yn- 3- net Y, |
d|nethyl‘gpfggéy%ggkutgeggyé %ﬁ r%ﬁg Tﬁé %i%%gaﬂkéﬁ§ﬁwfﬁ group
may contakmnometOr1ﬁﬁreasu@staﬁmmmlsJamdomayehb¢dinmneyanpke and

L0 L 2ngoLh S Upked st o1 IR e et pAELOTR MAEh 2
The hetercaryl, hetercaryloxy, hetercarylthioc as used
anywhere herein unless otherwise specified, may have from 3
to 120. In some embodiments the heteroaryl, heterocaryloxy,
heterocarylthio may have, for example, from 3 to 60 carbons

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

30 phenoxy, pyridinyl and others, as would bes known to a persocn

skilled in the art.

For the purpose of illustration and without

limitation, an arylene or a hetercarylene are, for example,
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The aryl, arylthio, aryloxy as used anywhere 15 herein unl ess

ot herwi se specified, may have from6 to 60. In sone enbodi nents the
aryl, arylthio, aryloxy may have, for exanple, from6 to 30 carbon
atons. The arylam no as used anywhere herein unl ess otherw se

speci f i edpherfgmeh@\{enfaﬁgm@lé@e,18;9ylciaﬁbg;1eaqte9rr&ndéﬁy§@ﬂ@, enbodi ment s,
the 20 arylam no may have, for exanple, from6 to 120 carbon atons.
The het erdyAnY Ye@Le PEaPPRBXY D PR RS-yl t hi 0 as used anywhere herein
unl ess ot herw se specified, may have from3 to 120. In sone

enbodi nents the hetergatyhs HeterOawMNonhaher ar ykihi o draysihave,
for exanple, from3 to 60 carbons 25 atons. The heteroaryl am no group
as used arhpitterrel RepeeAvEaf esBowt et Vi e rgpaciskieledndy HeyeXt:om 3
to 18050%%9%%%& \negopg. epbodi RNt dche et anoat viamag. my
have, for exanple, F? m3 to 120 carbon atons. For the purpose of

i |1 ustrathareireXanplesreficonponidsi creneripecindde o fpheaylin v ighrenoxy,
pyridi nyl._.an t her.s, ld. b o) erso killed in the
oY O IRl RIS N SRR Bl BRORRRS e ol e
limtati omlyamrnar plrenecor iatéeded oar Heenldmdrengf or exanpl e,

phenyl ene, napht hyl ene, pyridi nyl ene, indenylene, azul enyl ene or
phenant hr enyl ene. Conmpound f the_invention y. be
pr epared using sta%égﬁﬁl%F cedu ég? %6%%%F§ énBSPﬁéﬁnsk?T$%d“ﬁn t he
art, 50 andnporanal agy 2t 03t he #pres sjpesifibedppoeedunssy setaputie herein

for preparing specific.conpound f.the invention. The specific

or ocedur d¥ e BEG 4L BopF BUF dod S8 RhANPAES SRS aEeBrse b

i nt ended g e raiyibkl BE-aExeaphpsy Qompauwndsiafl bhBedi syamdh oFuch
as 10 conpaounds 1, 2, 3 or 4, as_ described previously, may be

pr epar ed %ﬁQHHﬁSmPF&HPE???dib?%ﬁ&ﬁq%ﬂﬂwﬁiﬁiéY@?éh@ﬂﬁeﬁ)?OWRﬁ%ﬂ?’ﬁﬁy be
obt ai ned wRON I PHARIKE 6L 0w Dases, 9xd datdan RfedeZ2dbbFonnd | Liorene.

Pal | adi um cat al yzed based coupling of the di bronoketone with
919_dﬂ%equqhﬂﬁagﬁ@m@pgaﬁoﬁiC ¥prgination of compound A yielded the

bright orange compound B, which may be further coupled with
3,5-Bis(triflucromethyl)phenylborenic 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.

CEH13 CGH13

oo ey e
Br Br AcOH . PA(PPh;};, KaCO;5
Toluene, Ha0, 110 °C
Q
CeHya, SCeHia

CoHrs, Cotyg CeHag, Cstia CgHig, LCetas
7 Bra, CH,Cla, 1t 24 ¢ 7
a%a e ater ety e, atat
s 0]

(a) (B)
FaG
pB(OH}z FaC, CeHiz,Cstha CgHig, CeHis CF,
: CSO--O-C-0-C
PA(PRhs)., KaCO; ) . .
Toluene, Ha0, 110°C Fa I g

(©)

Scheme 1
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15 yi el ded conpound A. Brom nation of conpound A yielded the bright
orange conpound B, which may be further coupled with
3,5-Bis(trifluoronethyl)phenyl boronic acid in a palladiumcatal yzed
reaction to yield conpound C. The 9-fluorenone, conpounds A or C can
be used for the preparati gReSPPOUWIS 2Q hpodnd310séheRS SHOWN N
schene 2 or 3. F3C C) Schene 1 ' In the
pr epar at i o ofikgemeshsdelvéscheast ) Wit rsogebionorheak Wasfarenet ed
with magnesiy Lt 8nf QLI A dlard gnand Jahich, wAs, L eaghed, i th
9-fl uorenone, "and was ?urt%er reduced in the prgseﬁréée’ g?% (fi na\l/g(l 1)
di chl ori deatthes preovicdd Conpoanprdserrmladgaus! L1t héichloride to
3, 5-di br onpt hi ophene was reacfed wth butyl lithiymto a dilithium
t hi ophgnel?r%lldgeﬁ ngﬁoﬁgar gactger(lja%/\? %use]ﬁ’h)éérhecoj’h%oéﬁ r%\m%‘?hlcfpk}er?et he
presence wis tierdtleld) wditahbat el tthjpmoduce canpednds 2hasshehe,
reSDECtlvﬁﬂf%h %%Q?%% %eacted with either compound & or C, in the
presence of tin (II} dichloride to produce compounds 2 and

3, respectively.

1) S-Fluorenone

M
Bz—'é LB! L EIMg—Q—MgBr —..2] SnCly FHCL
THF, 50°C

ha
2) L HCI

a-Bula
B = i i
THF, -78°C

nc
2)8nCly FHCI

10

Scheme 2

The preparation of compound 4 is shown in scheme
3, which is similar te¢ that of the preparation of compound
1, where a dibromothiophene is used, however, in preparing
15 compound 4, a dibromo-dithiophene was converted into a
Grignard reagent and reacted with %-fluorenone, and then
reduced in the presence of tin (II) dichloride to yield

compound 4.
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The preparation of conmpound 4 is shown in scheme 3, which is simlar
to that of the preparation of conpound 1, where a di bronothi ophene is
used, however, in preparing 15 conpound 4, a dibrono-dithi ophene was
converted into a Gignard reagent and reacted with 9-fl uorenone, and
then reduced in the presence of tin (I'1) dichlorg to y|eId >opound

4. 1) 9-Flu My B M- 0- 0- ) Sngtemecy
3 oL gthae b o T I Mqﬂeﬁdwen
of the invention: 5 1. The r|g|d|ty of Arl=Qu=ArJ n
transport as well as the | ow bandgap of the mate , uSual |
2.0 eV. Low bandgap can be a basic requirement for the materials to
potentially have high efficiency igackdh devices. 10 2. El ectron
donati ng groups may increase the hole nobility of the materials.

The following may be considered when designing

materials of the invention:

5 1. The rigidity of Ar;=Qu=Ar, may effect charge
transport as well as the low bandgap of the materials,
usually below 2.0 eV. Low kbandgap can be a basic requirement
for the materials teo potentially have high efficiency in OPV

devices.

10 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 LUMC level with the desired range,
15 which makes the materials potential good n-type materials

for organic electronic devices.

Therefore, such a design may nct only provide a
low bandgap of the material, but may alsc increase the
charge mcbility for TFT application and may adjust HOMO and

20 LUMO levels suitable for most OPV applicabions.

Materials of the invention cculd be dissolved in
common organic solvent, for example, chloroform, toluene,
2thyl benzoate, 1,1,2,2-tetrachloroethane, etc. and could be
processed into thin fiims through spin coating or other thin

25 film preparation method. The thin film cof the materials
could be used as the active layer or dopant active laver for
TFT and CPV devices, for instances, in conjunction with

eiectrodes and dielectric layer, for example.
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3. Electron withdrawi ng groups may stabilize the structure by | owering
the HOMO | evel , and hence al so adjusting the HOMO and LUMO | evel with
the desired range, 15 which nmakes the nmaterials potential good n-type
materials for organic electronic devices. Therefore, such
a design may not onhyafreMbeei et ©Wbhandgapvehti bg, Materd als but may
al so increase the charge nmobility for TFT application and nmay adj ust
HOMD and P2PYUING ReveMsceifiabbe 40 Gfo$EVOPY: appl i cations. Material s
of the invention could be dissolved in comon organic solvent, for
exanpl e, chloroform i qlougre, «ethyloBenzoatL drain electrode _
1,1,2,2-tetrachl oroet hane, etc. and could be processed into thin
films through spin céarargtes 6rheratd e 25 dqrmdsr Byaragfbh net hod.
The thin filmof the yymteriaks.coylid be used as the active |ayer or
dopant active layer for TFT and OPV devices, for instances, in
conjunction wth electrodes and dielectric |ayer, for exanple.
In an enmbodi nent of tthésMMFSREPBACT t heyer | FPTPradvilged 2acsepPehduit or
devi ce havi ng: the 329QUEEE el §§tc§é)éj@rj%ﬁqi 3 .45.qn @hgﬁéw&'@er
separated froma gate el ectrode By a gate bdielectric; and a
sem conductor | ayer contaiderngha esowporndiaftidie amdenbeonrads
descri bed herein, ei tetleerctq_,\(/3 L or_u glj(samrl EEhc Ss9ur cc%aelsect %oggal%[}dlthe
drain electrode, to forma cﬁérge ranspor annél - PT0Mn~ahot her
enbodi nent of the invention, the sem conductor device is a
transi®&tor, such agnaanotiyani enfddsimbref fodctther ansestorn ( QFET) or an
organi ¢ thin il rangistor (O, JJ.ght emLLjng, sem conductor,
such as a organic I'rgh em?tlng i ode; pﬁot’ocon uctor, Turenm 15
limter; fikdramestferr prangiuscdt oQFHT)elod- ehf eeyadi odehr fSchot t ky
di ode. transistor (OTFT); light emitting semiconductor, such as a

organic light emitting diode; photoconductor; current

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

Schottky dicode.

In a further embodiment of the invention, there 1is

provided an organic thin film transistor device containing:

- a plurality of electrically conducting gate

20 electrodes disposed in or 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

25 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 alignment with each of the gate

30 electrodes;
22



In a further enbodi nent of the invention, there is provided an
organic thin filmtransistor device containing: a
plurality of electrically conducting gate 20el ectrodes di sposed in or
on a substrate; a gate insulator |ayer disposed in or on the

el ectri caliarconduct bRgagat es&hdindes - aRyRLJaRi § sempsanduat or

| ayer disposed in or on the gate insulator Fayer substantial ly
250ver | appiiiyehe Igat e Lle) ee¥ r bHels; 2 mrite sy rpiPgfakPeyeof sets of

el ectrically conductive source and drain el ectrodes disposed in or on
the organic seni condueher sbaveraspcded hala each-at thess6L 4 n _
alignment with each of the gate 30el ectrodes; wherein the organic
sem condulctiors Yrafderi gng ¢okipeuhd iofl Fedripml- a thie) sepieyn@rcqm)laysr
descriDeqAbqee 2 thickness ! b LGANRY Gy %@fspﬁndiﬁefu&j]hggy%rypose

of illustration and wthout limtation, the sem conductor er °5 may
have a t hirdlaressiiefref vohd4Oonmamyel0 pm including any internedi ate
val ue or range. According to a further aspect of the

i nvention, there is-BLoyifded.a pr of UspRLEPBE! Bde AL ALEAYC thin
filmtransistor device containing the stepg of : 10depositing a
pl uralityiofreelisctpriogabikg &opduct s ng gatre epked hpodesorgemic gmnia

substrate'JQeqpsithg a gate i nsul.at.qr. | ayer in_or op t he
. m r%§51ﬁ.or eche co%tal ing % e stFFs OL:
electrlchly conducting gate el ectrodes;” depoSitrng a | ayer of a

compound of formula (1),
10 - depesiting 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 cf 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 seis 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 elesctrodes;
thereby producing the organic thin film transistor device.

EXAMPLES

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

present invention.

23



15 (la) or (Ib) in or on the insulator |ayer such that the | ayer
substantially overlaps the gate el ectrodes; and depositing a
plurality of sets of electrically conductive source and drain

el ectrodes in or on 20the layer such that each of the sets is in

al i gnmentradddureaels of the gate el ectrodes; thereby producing the
organic thin filmtransi stor device. EXAMPLES The
foll ow ng exanples are intended as exenplary 25 only and not in any

way intended to |i RPEIERE BROPRIUT HaneniresSentMrhvenefbre were

Instrumerdsl 1ected on a BNUREERA HERODGH I 6 HLSNANGRENMR) uSPEstra were
coll ected on a Bruker TM DPX 400 M Hz spectroneter using chloroformd

or di chl cHoifEtHare-d2cas i fel sopetanandss apetPaneehyt st 1ae (TVB) as
an i nternale.shandands | AL Xndsslsta dasenabesenpiloal honzald on
Time-O -Flight (MALD TOF) mass spectra were obtalned on a Bruker TM
Aut of | ex ARGR/STER iLastruReatrpDidi eiarnitdadliogc danengL cBl byh retMALOIBSC)
was carri out. _under. _pi.tr ﬂp . TA | nstr IS 0 nodul e
(scanning%%gtgwg %geﬁﬁ#%iﬁgfg efﬁﬁrﬁ%ng%né r?%rangFégﬁge TG was
carried OMIFATSIFngnatTAmenst r et iGA 205¢ amadubecé heatmaig v atbscof 20

1C rain). clic.valta try ( experi men r erfor an
At of ab BARAAGAES: P oRAT Y PESTRERAE R P ) AERLEPEREnt Sadt20
recor ted ndtuliz disehhatiagethavecidh @/ wiM)t.etrthabuty| epa®ithadpic
hexafluorthosphate as sugporting el ectral yte &scan rate of 50 nWV/s)

using a iSorfdFA hFée efettTDR e driringufat foh"8bReTEt s NFof a

pl ati numag e nseikiengrhekechs otlgre agald eouiher electeodetAnday
Ag/ AgCl in 3 MKCl reference 20 el ectrode. The neasured potentials

wer e convértle @ PG TSBEOFAL BHT € P OREI Ik Y Gde APSCEFP apRlt#Hel oStat

correspon@ifag i @isZatrben . PR Nty ahe {dDerdd selectr PR-SEdd NIty (EA)
val ues were derived fromthe onset redox potentials, based on - 4.4eV

as thé& SCE@Wergperbeer vetatdve N o sfaciwny(BAvenEred- 25 onset + 4.4
2 sni a2 OV SEBE RN v NS Specty conor buel er ey oy e on
di chl or orfet héile )solsdnibon whhheroihwent rdthesn el.angirade f comf g B ot 1016
to 5.7 x éé%gagwing of a platinum wire working electrode, a gold
counter electrode, and a Ag/AgCl in 3 M KCl reference
20 electrode. The measured potentials were converted to
saturated calomel electrode (SCE) and the corresponding
ionizaticn potential (IP) and electron affinity (EA) values
were derived from the onset redox potentials, based on -
4.4eV as the SCE energy level relative toc vacuum (EA = Ered-
25 onset + 4.4 eV, IP = Eox-cnset + 4.4 eV). The absorption
spectra were recorded on a Shimadzu™ UV-3101 PC UV-vis-NIR

spectrophcotometer using dichloromethane solution with

concentration ranging from 1.8 x 107® to 5.7 x 107® M.
Example 1:
30 sSynthesis of 2,7-dibromofluorencne (scheme 1)

This compound was prepared following the procedure

reported in the literature {(Tetrahedron 2006, 52, 3355~
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Exanple 1: 30 Synthesis of 2,7-dibronofluorenone (schene 1)

Thi s conpound was prepared follow ng the procedure reported in the
literature (Tetrahedron 2006, 62, 3355- 3361). A m xture of

2, 7-di bronof |l uorene (10.0 g, 30.9 mml) and C03 (12 g, 0.12 nol)
suspendeds g 1250, fix@0ebi 6rag] tha Andlilucednal (100M & eNPeratw A f or
12 h. The resulting yellow precipitate was coll ected by suction
filtratiomd sirwashg%l i th Watesrl )t seeeagRE, 1ant Urilerdfider 2Fafuum t o
provi de they praducl as 3_&8134“0{4@@9&&4&0 f%rg’129ﬁ% i‘h@lgésultﬂw (400
MHz, CDC13)7.77 (s, 2H), 7.63 (d,

8.0 Hz). @rﬂtd\regrm@mc@hpomml wxm@ blf) szuetgoa mktm@@f,

2, 7-di br n 8 1) r r.e above
9,9-diﬁexy:%%%fenggz%gg%ganogé?%ﬂgg. ndpd%§%§ 9n§§ Vac%ﬁm ko
tetrakis(ﬁﬂqwﬂm@nyhphpsphhne)@alye&ﬁqwnqalzﬁzalg 10g0538%nmﬂeldm%)ﬁer

C-Br bon a uegus., ( 15 and d ssed
t ol uene ?éﬁ{ﬁ%;p ggg??Sﬁdrﬁg reﬁﬁgkeg‘gﬁdég Eézpﬁgte tloﬁg$

h. The resu4 iy hmown'sobuolmﬂ was extracted with CH2Cl12 (50 L x
4) . The conbi ned organic | ayers were dried over MgSO4 and evapor at ed
under re q%l ressyre to re veiﬂﬁ%sol ent. The residue was then 20
purified Wt 1§|F|c88m88Pn %uﬁ% CH2C12/hexane (1: 4.5) as
the eluent to obtain the desired product as a yellow solid (4.26 g,
95% yi@eld). IH NNRT@4@Om&kturéIKH£Q,7{aqmmdmo$1aarédonakuljsa;o 8 Hz),
7.83 (dd 7.78 (dd, ). 74 (dd,
2H, J 75?*"“%{2 Hf)febéé?geﬁs By (9§nd9 é%l«%@xy%éfore%e?% %Oféﬁ)
2.02 (t AHd J 5= 0840 Ii'dz)z rlm@ﬁ dnd6 (m 24 H), 0.76 (t, 12H, =

7.2 Hz), 0.66 hexa 8H, = 6. 8 FE) V& (VA DI) niz = 844,71
(cal cd. f%ﬁt3§f§f fyg@hegxhp%qﬁphlne palladium g, 0.053 mmol,
1% per C-Br bond), was added degassed K;CO3; aqguecus (20 mL)

15 and degassed toluene (50 mL). The solution was refluxed
under N; protection for 24 h. The resulting brown solution
was extracted with CH,Cl,; (50 mL x 4). The combined organic
layers were dried over MgS0s; and evaporated under reduced
pressure to remove the solvent. The residue was then

20 purified with a silicon gel column using CH,Cl;/hexane (1:
4.5) as the eluent to obtain the desired product as a yellow

solid (4.26 g, 95% yield). 5 NMR (400 MHz, CDCls): d{ppm)

8.03 (d, 2H, = 0.8 Hz), 7.83 (d4dd, 2dH, o= 7.6, 1.2 Ez),
7.78 (dd, 2H, J = 7.6 Hz), 7.74 (dd, 2H, J= 7.6, 1.2 Hz),
25 7.60 - 7.66 {m, 6H), 7.31 - 7.37 {m, 6H), 2.02 (t, 8H, J =
8.0 Hz), 1.06 - 1.16 (m, 24 H), 0.76 (t, 12H, T = 7.2 Hz),
0.66 (hexa, 8H, J = 6.8 Hz). MS (MALDI): m/z = 844.71
(calcd. for CgzH720: 844 .57).
Synthegis of compound B (scheme 1)
30 To a CHyCl; (20 mL) solution of compound A (1.50 g,

1.78 mmol), prepared as above, at 0 °C, was slowly added a

CH2Cls soluticen (10 mL) of Bry (0.60 g, 3.75 mmol). After
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Synt hesi s of compound B (schene 1) 30To a CH2C12 (20 niL) sol ution of
conmpound A (1.50 g, 1.78 mmol ), prepared as above, at 0 C, was slowy
added a CH2C12 solution (10 nL) of Br2 (0.60 g, 3.75 nmmol ). After
being stirred for 30 mn, the solution was warnmed to anbi ent

t enper at W&l by J@AREUINGokBO | GEn patly sdhtwas Shir weemad tdisSnbient
tenperature for 24 h, Subsequently an aqueous sol ution of sodium

sul fite (4TRAC2CUER) PXasePRBAN AR ¥ StdumBPEhEas aktedd Brtoni ne.

The resuliing yeld-0wWrarangs, soh u | %H@ﬁ&&%ﬁﬁcgada%é&%%i(&o m
x 4), and the organi ¢ phase was conbi ned, washed with brine (20 nL X
3), driedhaadigserlithe $6Pveht, wdb tWeen therpvedednterceetisedhe

pressute - 0 Il r.an i v 8% 10
Do d) ITERNR CA0B NG, eDcos: - SChor B0 d T oI e T 398,
7.82 (dd,e2Hacred ®ifh THZIHz)307mE5* (4), 24d Xhe r@aHzy, pHas58 wa¥. 66

(m 8H), 7.47 - 7.4 4 1,96 - 8 .05 - 1.15(m 24
H, 0.78 ‘i?mfbli’fﬁ’ nggg}jzwﬁk%?,bﬁ%ez ‘-22009@9("?%)'8%?6%50‘5‘3%“?1%%@5‘ of
conmpound The sclienmtlpafothem xénuseedfurcEpaowndcBd(pr&sgre 150 mMmmol ),
pr epar ed above, 3,5-BLs(trif]uoromethyl)phenylboronic acjd (0.89
O e T SRUPRUR a: &1 (P B o RPNe pdrr hai i L6 070 o

0. 06110mDyie120 .2% pemr C Bro bond) coeas) adseshlegaszed dk2002 aguepus
(20 nmL) and de7gassed toluene (50 mL). The solution was refluxed under

N2 protectilon F8° 249, 2hedresli i #gzbﬁcﬂn Jol'ati'Bn s &xt radt ed

with CH2GL2 (50 58l Xx74k6 The g@npinedy or ganisc (hayens, Wweres drixdsover
MySO4 and evapor at ed under reduced
(m, H), 1.05 - 1.15(m, 24 H), 0.78 (t, 12H, J = 7.2 Hz),

0.62 - 0.6% {(m, B8H).
15 8ynthesis of compound € (scheme 1)

To a mixture of compound B (1.50 g, 1.50 mmol}),
prepared as above, 3,5-Bis(trifluocromethyl)phenylboronic
acid (0.89 g, 3.45 mmol), and
tetrakis(triphenyiphosphine)palladium (0.070 g, 0.061 mmol,

20 2% per C-Br bond), was added degassed K;CO:z; agqueous {20 mL)
and degassed tfoluene (50 mL). The solution was refluxed
under Ns: protection for 24 h. The resulting brown solution
was extracted with CH;Cl:; (50 mL x 4). The combined organic
layers were dried over MgS0, and evaporated under reduced

25 pressure to remove the solvent. The residue was then
purified with a silicon gel column using CHpCls;/hexane (1:5)
as the eluent to obtain the desired product as an orange
solid (1.21 g, 64% yield). 'H NMR (400 MHz, CDCls): & (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 = 8.0 Hz), 1.05 - 1.15
(m, 24 H), 0.69 - 0.78 {(m, 20 H). MS (MALDI): m/z = 1256.86
(calcd. for CqgH7¢F120: 1256.58) .,
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25 pressure to renove the solvent. The residue was then purified with
a silicon gel columm using O0H2012/ hexane (1:5) as the eluent to
obtain the desired product as an orange solid (1.21 g, 64%vyield). IH
NVR (400 MHz, CDCl12): 5 (ppm 8.08 (s, 4H), 8.05 (s, 2H), 7.83 - 7.87
(m 8H), Exa#ple 2:69 30(m 8H), 7.56 (s, 2H), 2.11 (t, 8H, J = 8.0
Hz), 1.05 - 1 15 (m 24 H), 0 69 - 0.78 (m 20 H. M5 (MALDI): mz =
1256. 86 ( aI for .CoH/6FE12 1256. 58 Exanpl e 2: Synthesis of
corrpoundﬁC eﬁ' i 05) dofpouta: 1 ?% e)r%l)xture of

2, 5-di brormt h| ophene (1.00 g, 4.13mmvol) and netal My (0.218 g, 9.1
mol ) was added 40Tm_a5mrbkttﬁreesdnff Ve di-stibirbed thnhydenais{ THRE Af t er

being stifyr far, 5 uti n, was ol ed
with ice L{)‘a]’?%mogﬁdang 8‘9&5 i {;B? %3%5 grﬁ_) - 6f 1g° g?uo?%no‘%%md( f%sgll’ ,
8. 67 rrjmlc)f vias sadged i 6t 0pWeS eanter .ol li[ﬂ-]lEOnA\ﬂ:ﬁsrt]h@mé}tﬂtl’Jl‘x&Cécatfo&hl S

t enperatu for 30 mn before being warnmed up to 10 anb
t enper at ut Zilﬂ}: P n%vﬂhl'getsﬁéhitclé’“bé’gﬁ CRP{ BT ‘E% Thg3tY rFeHl?lbrl%%ot her

hour, a safdy,ated SNOL2 selwtien {16 HA% hydvoehherégomei th (FA0 gJL) was
added dropwi se. The color of the solution inmediately turned to deep

red. The &A1 UfFER ' wd8sseffpeddERPEMs -ed et ERPEFALTIr €2 F ol e tisired
hours, ang Jﬁl%h%emﬁ@%a@a%a@éledawr&ﬁ @H2012 6;99%%3&;1&) up! &

organlc phase was conbi ned and dried over he organi c sol vent
was t Hén amdyinnéd thyresduete kpve%asm\@mgslﬂweqeénbatl@cﬂy%tt%ﬁ Idedangi on

g N e e
0D2012) : Wydympilo8i80acsd 24H) ,mB). 2%y ddd2H, dFopw8se. Hehs CSDIGD_A” ©18. 09
LT 6 oy kg atiPA el v Whoting B <%ep, B ntes 2 daen o
CHHNS: 418:<2B)t:rHENDat- 5mB8erl, t digMRa tuFe5ZoeViwo more hours, and
15 then was extracted with CH»Cl; {100 mL x 4). The organic
phase was combined and dried over MgS0O4. The organic solvent
was 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). *H NMR (400 MHz, CD:Cls): & (ppm) 8.30 (s, 2H},
8.27 (d, 2H, J = 8.0 Hz), B.07 - 8.09 (m, 2H), 7.80 - 7.84
(m, 4H), 7.5%1 (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 (calecd. for
CypH1pS: 410.21). HOMO: -5.38 eV, LUMO: ~3.52 eV.

25 Synthesis of compound 2 (scheme 2)

2,5-Dibromothicphene (0.10 g, 0.41 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
30 butyliithium (1.6 M, 0.54 mL, 0.86 mmol) slowly via a
syringe. The sclution was then stirred at this temperature

for i1h before a THF solution (10 mL} of compound A (0.77 g,
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25 Synthesis of conpound 2 (schene 2)

2, 5- Di br onot hi ophene (0.10 g, 0.41 mmol ), as prepared above, was
dissolved in 10 nL of freshly distilled anhydrous THF, and was cool ed
to -78C with acetone/dry ice bath. To this solution was added

n- hexane (B(ﬂlutxrirr@ti)ofuaSOabué@ldiicbmim (I'he M:;lﬁi:Sénrmas O 8 aqmintly
slowy vi ng The sol ution rred at this
enper at (TP RS 3 BB SRR (Eitor 0, 16T FOF © CORpOtiR &Y 0. 77
g, 0.91 iﬂﬂﬂﬁat\l\ﬁ&aadgeﬂodé@pv\iﬂﬁar W tsekuskonrvag subseouent |y
stirred at this terrperature for 30 mn before acetone/dry ice bath

was r emoVedrP AR CafBE hér st d rid ity adtecarpiCent St ehp&itatidr é%For 2 h, a

sat ur at ed, 1996t heRqi N2 dA% Sy dieehl arbewaghd f@@reawya%fadded
dropwi se. The color of the solution turned to deep rose red

i medi at €y STH& tdePutPBhedase steel e Forednornedl 2taly anthext r act ed
with 0H2053c21u(t§%nmwa)§ §l1r§@§ Pcélgaa(}l&ck@}a%eh“ﬂénSOQQtP?QtecgruLle& over

MySO4, and evapor at ed under uced pressure to renove
sol vent . CFh€lr e&3dud: Was’i)suﬁsqueg@ﬂlyc peird £ edisv\nqombaham ndr{edutral)

col umm us 201 ne 5 S th ent. The deep rose red
band was dc SE t%[léc:b Vapn rat(e% u)ngéi as él I:|f)ru"=‘rsp Uia{:esgl ?8?330 ‘
g, 32106 yited cb)olvatNl\/Rhé4ﬁé)sWZe W@l}%)seqﬁebpp)m pBrH6Bidds, w12ﬂ-b 8.54

, 2 .41 1 dd 4H =.8,0, 2.4 7.90
(v Gy S WienErhy) TodputS Uestd B tncagerg) sl 8 ind 0
o M e(nw‘ﬁ?é Taﬁflaeémﬁ%ﬁ*’%%e‘? e o Dy o

. Z = cal_C or
HOVD, C&mpé\‘/mdLﬁlvE‘)S dgeBoPRP LD Gt HEsiPS o Efcé?rpbu%elsd(scﬂeﬂ%RZ)

2,5-Di br ommlmbeegzcﬁg Q550,(pBmPla Dl )5, agi)Pr epanedsaboNe, sas)
d| ssolved in 10 L resh@/ distilled anh drous THF, and was cool ed
to - 78T witrh Zicet Sngpdr(?dr cbbaf I 8Pt Ri-4 §6) ut 7 o7 was’ atfieln.

n- hexane ggl utj en of 72§2b%>’|iiﬁh' umdel. @&, Mpp0. 37-h, ¢ 0z A3 MYy -

slowy via a syringe. The solution was then stirred at thi's
t enper at ur-e X dim.| A0Beéf ote®d THF Lol Gti di*H)100rER of 1 ebfrpound!88)(-0. 57

g, 0.91 myrejg vas -added dpopwise. (e Sal U/Lon YaseSYbSEUENt | ¥or

CqyzoH1465: 1739.22). HOMO: ~5.43 eV, LUMO: -32.5% eV.
20 synthesis of compound 3 {scheme 2)

2,5-bPibromothicphene (0.05 g, 0.21 mmol}, as

prepared above, was dissclved in 10 mL of freshly distilled
anhydrous THF, and was cooled to -78°C with acetone/dry ice
bath. Te this sclution was added n-hexane solution of

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

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

the solution turned o deep rose red immediately. The
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stirred at this tenperature for 30 mn before acetone/dry 30 ice bath
was renoved. After another stirring at anbient tenperature for 2 h, a
saturated SnCl2 solution in 10% hydrochloric acid (20 nlL) was added
dropwi se. The color of the solution turned to deep rose red

i medi at eﬂq/lutm@@ wagl atiionedadostanadekf @r hanenheexRractemndiiedt r act ed

wth GH2 Ot %, 3 3 Th%hgr 8%”%& e@?ase B conpined, dgjed,over

MSH4, an evépg)rat ed un reduc sure renove %ihe S0 vent
The resi mwswbsaq@mdmmadf luedew t:ladt‘ocadi mermsdmeutor akjogel um
usi ng CH2C12/ n- hex as the elu deeg ] se.red band was

col | ect ed % “SY&D 08 oﬁ % as aase(ésﬁ'l%ﬁl?lqblIeé1 &8I P -998" %
yield)s Nl\ﬂl(rrﬂt@ﬁ Mdéut@@Z@lanlurﬁn (Im_rﬁg &H§51£/Sl haﬂ)a,neS (9%6( Sas 21H)e
8.42 (s, 8.17 (s, , 7.64 - 0 (m 7. 28 - 7.32 (m
104H) , @Alentz 265( FHEEEGFESE 159 bar{j A ﬁPl&SPﬁedOt%Pbt%lW9 (m

40H) . NBc(d\»ﬂ%Jdalnb 3Ma2 aegﬁ%uﬂﬂlé C@dlcldﬁ f00r19@1§2H§54%:2 21,208 2RNR
HOMO -5.44 eV, LUMO -3. eV. . Synthesis of conpound 4
(scheme 3)400514za FPRERE é’f (QPBJdﬁgE%nb%hl?dﬁhe@ef’@O (50 gH)1.%54%D1)

and netal ( My ., 08918, (3. 7140} ) s mas @added,203pk) of s fyeshl-y 35
distilled anhydr ous THE 7 AftEr bl ng stlrrgd ¢ or g%h at" 50 C, The ™

sol ut i1&n 4&Es (320(9I4ed dodh t(ra): ahtﬁﬁi)erntl tlhperdatidr én, Té)8féhotfhe€i7 1 &sk 9
cont ai ni ng_ 9- f or enro . 10 THF
sol ution %Hat OIvk\gs gg’opgégﬁ : szieﬁdggot %ai@ ea?glsjo %E%gf t he

resul ti ng® &7 .gr¥ar.d Hogagenb . 4'41 e, doiMil:e 13eéd@ ev.The m xed sol ution
was then stirred at this tenperature for 30 m n before being warned
up to anhi jtenperature by removing the ice bath. 25 After being

stirred for another hour, a saturated SnCl2 solution in 10%
hydrochl oric acid (40 nL) was added

Synthesis of compound 4 (scheme 3)

15 To a mixture of 2,5-dibromothiophene {0.50 g,
1.54mmol} and metal Mg (0.082 g, 3.71 mmol) was added 20 mL
of freshly distilled anhydrous THF. After being stirred for
3h at 50 °C, the sclution was cooled down to ambient
temperature. To another flask containing 9-fluorenocne

200 {0.61g, 3.39 mmol) in 10 mI anhydrous THF sclution that was
cooled to 0 °C, was added the clear solution of the resuliing
Grignard reagent via a double needle. The mixed solution
was then stirred at this temperature for 30 min before being
warmed up to ambient temperature by removing the ice bath.

25 After being stirred for another hour, a saturated SnCl,
sclution in 10% hydrochloric acid (40 ml) was added
dropwise. The color of the solution immediately turned to
deep blue. The scluticn 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 compcound 4 as dark blue solid
{0.125 g, 16 % yield). The solubility of compcund 4 is very

poor in any solvent, and NMR spectrum was not available. MS
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dropwi se. The color of the solution imediately turned to deep bl ue.
The solution was stirred at anbient tenperature for two nore hours,
and the deep blue precipitate was 30 collected by suction filtration
and washed with THF, water, nethanol and CH2Cl2 to afford conpound 4
as dark bINAELKOI: 6/E0=12582¢g14 16cabsd elidr. ChieoSul WSi2l- 2Py - oFOM@npound
4 is very r.dn sohvept ,.;and NVR spectrum was not available. M
(MALDI) : 4mp§2?§35\)49%%%) (cgl ig or C34H2052: 492.29). HOMO - 4.98 eV,
LUMO. -3.70 eV. Exanple 4: TFT device fabrication and nmeasurenent
5Top contBeammist td'om gate Organic Thin Film Transi stors (OTFT) shown

in Figure 2 were fabricated using the follow ng steps: A Substrate
preparati-@f gevile Qrabgicggioﬂ :§i)r(u%l Bgrat es are used for OTFT
10 fabrication where pt-Si (or n+-Si S 02 works as gate contact

and gate dielectric respectively. 2. Substrat es as stated above were
subj ected to cl eani'mg G@Dﬁg%lb@@‘%@mlmel émgieniacEhonerifet hanol and

de-ioni zed. 5 a rs £-dri nder

ni trogen an gsgttoer %T%g %ﬁ?w g r%ﬁ tes. Ef ‘?‘% ?eacr:];eé c<yavn"‘gl(§lr| ed
pt-Si (orthet-BilleSii02 watpss were subj ected to UV-ozone treatnent for
20 m nut es. B. Sel f-assenbl ed nonol ayer (SAM grown p+-Si (or

n+-Si)/SiP2 2Q;3shsbat EPeparation:

1. p'-Si {(or n*-5i)/Si0; substrates are used for OTFT
10 fabrication where p'-S5i (or n'-Si} and $i0; works as gate

contact and gate dielectric respectively.

2. Substrates as stated above were subjected to
c¢leaning 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)/5i0, wafers

were subjected to UV-ozone treatment for 20 minutes.

B. Self-assembled monolayer (SAM) grown p*-8i {or n*-8i)/8i0,
20 substrates:

In order to improve organization of organic
molecules on p'-Si (or n'-5i)/Si0, substrates, few substrates

were used after self-assembled mconeclayer {SAM) treatment.

5. Hexa-methyldichlorosilane (HMDS) SAM treatment: p+m
25 S8i (or n-8i)/Si0, substrates wersa exposed to HMDS wvapours at

room temperature inside a glove box under N; gas overnight.
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In order to inprove organi zation of organic nolecules on pt-Si (or
n+-Si )/ Si 02 substrates, few substrates were used after self-assenbl ed
nonol ayer (SAM treatnent. 5. Hexa-nethyl dichlorosilane (HVDS) SAM
treatment: p- 25 Si (or n+-Si)/Si 02 substrates were exposed to HVDS
vapours a%- room t efsérvatuiehphereel g oEShoRANNndeea NRerjas p'-Si

over ni ght Oet vyl Lrkc rosil.an treat » pt- S or
n+-Si)/ Si E)Cir giu%%)r/éf&%gz \r/%g}?%t%%lﬁfegi ﬁeggggg 5739214 or %%sgﬁggtf)gwwﬁ#%p% of
OrS. The Usssimatsoriwa@ssti rse ¢ aciecth underasvdduam poacSd mmidres and

t hen subsequent | rpl3aced ;ﬁn an é)v%n 5 at 110 C @or 1&hre hours. After
that pt-SIE(OF ne5sP) FEPB2°8ubRT r =t Es e FERGVEAPTPORT tHe a0 oven
dessi cat o, tiorought yrkias edburst.h pirsepr epanop™-and @k et-amnderid,l ow
of nitrogen gas. C. Oganic thin filmgrowth: 10A thin film of
conmpound T4 oW oR ABBOESLt HUY o AesSstEe b8 ng - e Ht LY

evapor at i O 4LLhNItaUe s oB2op4RBM 4tk Cke-ifdd MnGk CEMBRUAE i Wasgdy own at
vacuum of -10-6 nbar. D. OTFT fabrication: 150nce organic thin filns
were growfon substrates, top contact bottom gate OTFTs were
fabricated by depositing

C. Organic thin £ilm growth:

10 L thin film of compound 1 was grown on above
stated substrate using thermal evaporaticn technigque. 35-
40nm thick film of compound 1 was grown at vacuum of ~107¢

mbar.
D. OTPFT fabrication:

15 Once organic thin films were grown on substrates,
top contact bottom gate OTFTs were fabricated by depositing
~100 nm of gold as scurce 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 characterized in
glove box under nitrogen using Keithley™ 4200 parameter
analyzer. Typical Vgs~I4s and Vgs~Igs characteristic of top
contact OTFTs using QD31 as organic active layer on 0TS

25 treated p'-8$i/$i0; substrates having L/W (100/3000) are shown
in Figure 3 and Figure 4, respectively. Compcound 1 based
OTFTs have shown p-type charge transport exhibiting
saturation hole mobility ~ 0.06 cm?/V-sec and threshold

voltage (Vg) ~20 volts.
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-100 nm of gold as source and drain contacts using shadow masks. The
typi cal OTFT devices had 50, 100 and 200 pm channel length (L) in
conbination to 1 nm and 3mm channel 20 width (W. The
above fabricated OTFTs were characterized in glove box under nitrogen
usi ng KeiBddmniBM54200 par aneter anal yzer. Typical Vds-1ds and Vgs-Ids
characteristic of top contact OTFTs using Q31 as organic active

ayer on &S gRrildeeabed e Shh LS lAkIRkat having L/ W ( 100/ 3000)

are shown in Figure 3 Figure 4, respectlvely Compound 1 based
OTFTs have shown p-type charge transport exhibiting saturation hole
mobility - 0.06 cnBiyanée mhdtehekshol d ORIt dgeicwd) us POy vadmurg)
Exanpl e 5 i f i gatign d ggig ment

phot ovol tala(c:?\é vis g'g)\ﬂ %gé §S| 'ﬁlg Efg%p%un Igs the fggrrlétr:ate% ﬁas
t he ac&ep:tcurrrpqwrde If abdi Cad @dtveBbehnSe‘m@nqmoﬁumﬁ brart@prHfhahe been

evapor at e ss/ | TQ PEDOT; PSS s bst ra

confi gur atioi on r@FEDTOETE)gI!% PS4 04/R1 0B 98%?% Ahd Whheay

| TO PEDUFI’RSSfEﬂD’OﬂI’ @@@//Q@Oéoéml(qmeu@@ﬁr aémcnn) were investigated. The
perfor manc f those ?zlédev ces ter ost - anneal ing are shown in

Figure 5.1 ePE@&TplPé? |8fo/8éq/| a{rcamsf’@ QLA AFF in Table 1.

Organi ¢ phatamalgdadict . ( ORY) pQEf@ﬁ@aﬁqé@ldfg tEREROURY 3eascdheyacsept or
and P3HT as the donor were also fabricated. OPV device with a

st r uctfir @ ST 1STOPPEDOY: PSS/ PIMTP VAL WRE & 2br TSt e8P he b lspi n 15

coating ofeitihgSakution gteP3iT.and; compaund 3okdaint Bn i spimed d n
tol uene. The performance of the solution processéd OPV devices (as

prepar ed) (e ST SN UFE §tir eOBROTHE T Gifpltéce 2as6RPAECE et d pttHiEtSer s
are l'StQQKJQkJﬁQJ%e}e also fabricated. OPV device with a structure
of ITO/PEDOT:PS3/P3HT/3/Al was fabricated through spin
15 coating of the solution of P3HT and compound 3 (1:1wt%]
disclved in toluene. The performance of the solution
processed CPV 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:C4¢/Cs/Bl shows a higher open circuit
voltage {Vec} and short-circuit current density (Js) compared
to the one with a configuration of ITO/PEDOT:PSS/1/Cg/Rl.
The power conversion efficiency (PCE) is 0.60% and 0.30% for
the c¢o-evaporated and bilayer structure, respectively. The
25 Dbetter performance of the co-evaporated sample compared to
the bilayer one 1s attributed to the posibility of easier
exciton dissociation and better charge transport in the co-

evaporated sample.
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As shown in Figure 5, OPV device with a structure 20 of

| TO' PEDOT: PSS/ 1/ 1: OH 060/ A1 shows a hi gher open circuit voltage
(170c) and short-circuit current density (LT,0) conpared to the one
with a configuration of | TQ PEDOT: PSS/ 1/ 060/ Al . The power conversion
ef fi ci encial{lROB). iS51@r6084 Anthéx BO%figt itclse Pa@aavapms atfmier&m‘drt@idiayer

t t | The 25 bett f
zorggag(r)«rs\faqlrt%s :C P‘éec)ésp?ﬁ rgglfCSuﬁ] &bﬁper eé’r‘?elgc czgﬁ i Bdtdd to the

posi bi |'i tafa&foreqs@w exal tv@@ %ﬁsgﬁ actﬂe%r@@qre@t Levicbarge transport
in the co-evaporated sanpl e. Table 1. Solar Cell Characteristics
Paraneters: (pen-Circuit Voltage(V, ) Short-Circuit Current
Density(J,), Facg% fF),and P 1)f\,r the argd deyjces, Fiil
Sanple V'_[V]_J, [rr%%/ nR] FFC%{? BhAEPEHT T]F]
Compound 1/C60

(bilaver) o 0.9 0 0
Compound l:C?O 0.68 1.52 0.27 0.60
{co~evapceration)

P3HT/Compound 3 0.60 0.26 0.28 0.10
{As—-prepared)

P3HT/Compound 3 0.75 0.43 0.26 0.20

{thermal annealled}
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11 96] Compound 1/C60 (bilayer) 0.48 0.89 0.35 0.30 Conmpound 1: C60
(co-evaporation) 0.68 1.52 0.27 0.60 P3HT/ Conpound 3 (As-prepared)
0. 60

CLATMS:

1. A compound of formula (I):
Ar,=(Qu) y=AT, (I)

where

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

more hetercatoms independently chosen,

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

independently chosen, and
m ig from 1 to 20;

with the proviso that the compound of formula

{I) is not a compound of formula (1)

2. A compound of formula (Ib)
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0.26 0.28 0.10 P3HT/ Conmpound 3 (thernmal annealled) 0.75 0.43 0.26
0.20 CLAIMS: 1. A compound of formula (1): Ari-(Qu)nmrAr2(1) where
each Qu is independently a substituted or unsubstituted,
substantially planar 5 to 8 nenbered conjugated ring, optionally
fused to one or nore ar tic\noieti i pendently chosen, and may
contain one or noreA |Arachosen, Ar
and Ar2 each independe or unsubstituted,
substantially planar cqgnjugate matic stfucture having from5 to
50 carbon atons, optionally havimg, one or
i ndependent |y chosen,
substantially planar c
chosen, and

nj ygated [gromaji c stjructures i ndependently

Ar. Ar Ar. Ar,
9\\ 5}n 2\ A\l

where

each Qu ig independently a gubstituted or
unsubstituted, gubstantially planar 5 to 8 membered
conjugated ring, optionally fused to one or more aromatic
moleties independently chosen, and may contain one or

more hetercatomg independently chosen,

Ar, and Ar, each independently is a substituted
or unsubstituted, substantially planar conjugated
aromatic structure having from 5 to 50 carbon atoms,
optionally having one or more hetercatoms independently

chosen,

Ars, Ar,, Ars, Arg, Ar,s, Ars, Ars and Ar,; each
independentliy is a substituted or unsubstituted,
substantially planar conjugated aromatic structure having
from 5 to 50 carbon atoms, and optionally containing one

or more heteroatoms independently chosen,
m is £xom 1 to 20, and

i, k, n, p each, independently, is from 0 to

20,

q 1 1 or more.
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mis from1l to 20; with the proviso that the conpound of
formula (1) is not a compound of formula (1) 2. A conpound of
formula (1IDb) AH(AHNi%N4HN8(mAmN5)N2+Mmm

each Qu is independentl subst d Qr . unsupsti

et ont i Br Ly e e RSB B ot R o huatet r THEES: Fofiar 1y
fused to eiBs@&ENHRARL QI pIBLEE aahghggﬁeanae@ﬂad@atbyrﬁaeﬁea fandsmay
contain one or nore heteroatons independently chosen, Ari

and Ar2 eachiphdepBhabAnEyalsyapsanati consUIdEednatsBaLiat ed,
substanti gl Ly.pl,apar conjugated aromatic structure having from5 to
50 carbon atons, optionally having one or nore heteroatons

i ndependent |y chosen Ar3, Ar4, Ars, Arg, Ar7, Ar8, Ar9
and Arto ¢ach indep@hdenbmpohsdaoﬁubsyibn&edfoclamaab$ttbu3ed

subst anti I | apar conj tic structure aV|n from5 to
20 oo porartrbn AR SRPLEARE o B P et oS b gh g e R EE Ot o
i ndependegtiycehpsehorisi 8 bEoAYdat QuBBtaabilalivkpllnal €86Hugated

i ndependently, is fromO to 20, qis 1 or nore.
aromatic structure.

5. The compound of any one of claims 1 tc 4 having

a bandgap of < 2.0 eV.

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

wherein =Qu= is

R’ Rz
Qu1 Qu2 Qu3d
X X=X X
- =
ﬁ R{ 'Re
Qu4 Qus Qub

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

optionally contains, one or more substitutents.

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

groups or a combination thereof.

8. A compound of formula 2, 3 or 4
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3. The compound of claim1l or 2, wherein the substantially planar
conjugated aromatic structure fornms a rigid substantially planar
conjugated aromatic structure. 4. The conpound of any one of clains
1 to 3, wherein the substantially planar conjugated aronatic
structure forns a bridged substantial |y pl asarceenj ugated aromati c
structure. 5. The conpound ARy o : {insR1 to 4 haying a
bandgap of ¢ 2.0 eV. 6. Th ) of clainms 1 to 5,
wherein =Qu=1is Q1 X=X 0 Qu4

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

claims 1 to 8; or a compound of formula (1):

10. A gemiconductor device having:

- a source electrode and a drain electrode

separated from a gate electrode by a gate

dielectric; and

- a semiconductor layer having the compound as
defined in any one of claims 1 to 8 or a

compound of formula (1)
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RIR2 Qu2Qu3 X=XX=X (N) () R( \ R2 Qu5Qu6 where each X,

| ndependent |y,
substitutents.
the substituti
groups, electr

conpound of formula 2,

sem - conduct or
clains 1 to 8;

11.

Is CH Nor P, and optionally contains, one or nore

7. The conmpound of any one of clains 1 to 6, wherein
ons on Arl to Arn, may be one or nore el ectron donating
on withdrawi ng groups or_.a conbination thereof. 8. A
I conduct or devi ce having a
| ayer cantg ) ound as defined in any one of
or a conp ! (1): 10. A sem conduct or
drain el ectrode separated
Ic; and

F

either over or under the source electrode and
the drain electrode to form a charge transport

channel.

The semiconductor device of claim 10, wherein

the device is a transistor, light emitting semiconductor,

photoconductor, current limiter, thermister, p-n

junction, field-effect diocde or Schottky diode.

12.

An organic thin film transistor device

containing:

- a plurality of electrically conducting gate

electrodes disposed in or 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

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 alignment

with each of the gate electrodes;

wherein the organic semiconductor layer is the
compound as defined in any one of c¢laims 1 to 8, or
a compound of formula (1)
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a sem conductor |ayer having the conpound as defined in any one of
claims 1 to 8 or a conpound of fornula (1) ei ther over or under the
source electrode and the drain electrode to forma charge transport
channel. 11. The sem conductor device of claim 10, wherein the

device is a transistor, light em
current limter, e ster, p-
Schot t ky di ode. gani
containing: a plura

di sposed in or on z
on the electrical

ting sem conductor, photoconductor,
nction, field-effect diode or

n filmtransistor device

cally conducting gate el ectrodes
at e i nsul at or
g el ectrodes;

| ayer di sposed in or
an organic

sem conduct or | ayer~di sposéd in o+ on the gate insulator |ayer

substantially overl appi ng the gate el ectrodes;

and a plurality

of setsofel ectrically conductive source and drain el ectrodes di sposed
in or on 1he organi B pestesndpeioprépyeinguah vhahneacbhoh themsets

in alignment with each of the gate, el ectrodes;

wherein the organic

seni condutTdPSFayeF FeVife Eohpduné dstaef FheBsi Afany one of clains 1
to 8, or a conpound of fornula (1) 38 13. A process for preparing an

organic thin film 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 layexr of the compound as defined

in any of claims 1 to 8,

formula (1)

or a compound of

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 with each of the

gate electrodes;
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transi stor device containing the steps of: depositing a plurality of
electrically conducting gate el ectrodes in or on a substrate;
depositing a gate insulator layer in or on the electrically
conducting gate, el ectrodes; depositing a |layer.of .the conpound as
Gofined i n anyEBFrEPy RECTupdREothe' BPadny Bl Ehed: b OF ERAREATER) of
on the inggi-ater |ayer such that the |layer substantially overlaps the
gate el ectrodes; and depositing a plurality of sets of electrically
conductive source and drain electrodes in or on the |ayer such that
each of thé-sets isPRnCHEPRPRFeRPLRi fhlBaER2BFiEReT gREEIBEeBEr 0des;
ther eby produgengat e obgenifiihd! Bnbi LBRLLAAS! SEOLnYOUhECor daifD
organic thin filmtransistor ha ing an active [ayer”contalining the
conpound bf tan§, one af corppnedlofof8ymotaal(tbnpound of fornula (1)
15. A photovoltaic cell having an active |layer containing the
compound of any one of clains 1 to 8, or a conpound of fornula (1)

15. A photovoltaic cell having an active layer
containing the compound of any one of claims 1 to 8, or a

compound of formula (1)
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