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It is well known to use organic electroluminescent compounds as
the active component in light-emitting diodes. Simple organic molecules,
conjugated polymers, and organometallic complexes have been used.

Devices which use photoactive materials, frequently include one or

25  more charge transport layers, which are positioned between the
photoactive (e.g., light-emitting) layer and one of the contact layers. A
hole trapsport layer may be positioned between the photoactive layer and
the hole-injecting contact{, layer, also called the anode. An electron
transport layer may be positioned between the photoactive layer and the

30 electron-injecting contact layer, also called the cathode.

There is a continuing need for charge transport materials.

SUMMARY OF THE INVENTION

The present invention is directed to a charge transport composition
which is an oligomer or polymer. As used herein, the scope of the term

35  “polymer” is intended to include polymer and oligomers having one or
more different types of monomeric units, and is intended to mean
compounds having at least two repeating monomeric units. The term
“polymeric” is intended to have the same scope as polymer.
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20 Ar1 can be the same or different at each bccurrence and is selected
| from aryl and heteroaryl;
Ar2 can be the same or different at each occurrence and is selected
from arylene and heteroarylene;
RS is the same or different at each occurrence and is selected from
25 H, F, Cl, Br, hydroxyl, carboxyl, carbonyl, silyl, siloxyl, alkyl,
heteroalkyl, alkenyl, alkynyl, aryl, heteroaryl, alkylenearyl,
alkenylaryl, alkynylaryl, alkyleneheteroaryl, alkenylheteroaryl,
alkynylheteroaryl, ChHgFp, OChHaFp, CgHcFd, and OCgHcFy,
or both of RO together may constitute an arylene or
30 heteroarylene group;
a, b, ¢,and d are 0 or an integer such that a+b = 2n+1,andc+d
=5
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together may constitute ag g ylene or heteroarylene group; a, b, ¢, and d
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an integer Eﬁm 3 W§)2004/ 006354 PCT/ US2003/ 021613 In one
enbodi ment, the prepent ‘Im¥ention’is directed to a polymeric charge
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Ar1 can be the same or different at each occurrence and is selected

10 from aryl and heteroaryl;

Ar2 can be the same or different at each occurrence and is selected
from arylene and heteroarylene;

R can be the same or different at each occurrence and is selected
from H, alkyl, heteroalkyl, aryl, heteroaryl, arylalkylene,

15 heteroarylalkylene, CHgFp,, and CgHFg,; or adjacent R
groups can be joined to form 5- or 6-membered rings;

R® is the same or different at each occurrence and is selected from
H, F, Cl, Br, hydroxyl, carboxyl, carbonyl, silyl, siloxyl, alkyl,
heteroalkyl, alkenyl, alkynyl, aryl, heteroaryl, alkylenearyl,

20 alkenylaryl, alkynylaryl, alkyleneheteroaryl, alkenylheteroaryl,
alkynylheteroaryl, C,HgFp, OCnHgFp, CgHcFg, and OCgHGFg,
or both of R2 together may constitute an arylene or
heteroarylene group;

a, b, ¢, and d are 0 or an integer such thata+b=2n+1,andc+d

25 : =5,

n is an integer (as above);
y is 0 or an integer from 1 through 3; and
z is 0 or an integer from 1 through 4.
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' charge transport composition having at least one first monomeric unit

selected from Formulae ll(a), Il(b), and ll(c) in Figure 2, as described
above, and wherein there is at least one substituent on an aromatic group

20 selected from F, CyHgFp, OCnH4Fp, CeHcFd, and OCgHGFy.

In one embodiment, the present invention is directed to a polymeric
charge transport composition having at least one first monomeric unit
selected from Formulae lil(a), 1lI(b), Ii(c), and llli(d) as shown in the
drawings in Figure 3, wherein:

25 R4 is the same or different at each occurrence and is selected from
alkylene, heteroalkylene, alkenylene, arylene, heteroarylene or
arylenealkynylene;

RS is the same or different at each occurrence and is selected from

H, F, Cl, Br, hydroxyl, carboxyl, carbonyl, silyl, siloxyl, alkyl,

30 heteroalkyl, alkenyl, alkynyl, aryl, heteroaryl, alkylenearyl,
alkenylaryl, alkynylaryl, alkyleneheteroaryl, alkenylheteroaryl,
alkynylheteroaryl, CnHgFp,, OCpHgFp, CgHGFg, and OCgHcFy,
or both of R9 together may constitute an arylene or
heteroarylene group;

35 a, b, ¢, and d are 0 or an integer such that a+b =2n + 1, and ¢ + d
=5,

n is an integer;
xis 0,1, or2;
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capable of receiving a positive charge from an anode and transporting it.
25  Electron transport compositions are capable of receiving a negative
charge from a cathode and transporting it. The term “anti-quenching
composition” is intended to mean a material which prevents, retards, or
diminishes both the transfer of energy and the transfer of an electron from
the excited state of the photoactive layer. The term “photoactive” refers to
30  any material that exhibits electroluminescence, photoluminescence, and/or
photosensitivity. The term “HOMO” refers to the highest occupied
molecular orbital of a compound. The term “LUMO? refers to the lowest
unoccupied molecular orbital of a compound. The term “‘group” is
intended to mean a part of a compound, such as a substituent in an
35  organic compound. The prefix “hetero” indicates that one or more carbon
atoms has been replaced with a different atom. The term “alkyl” is ,
intended to mean a group derived from an aliphatic hydrocarbon having
one point of attachment, which group may be unsubstituted or substituted.
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30  unsubstituted or substituted. The term “arylalkylene” is intended to mean
a group derived from an alkyl group having an aryl substituent, which
group may be further unsubstituted or substituted. The term
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attachment, which group may be unsubstituted or substituted. The term
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mol ecul es t@aéupsfﬂhht Bﬁé né@n@léécrmthéﬁ m@chémﬁfaffd}n%d@gaé 0 tg&‘ﬁg;nb:

d b de
ol ecul o 1 SHRYAR OrLpmR itiEd &Y & toadhedng S ecermeeuidids IBAMGAHY 0 of a
met al | i ¢5i orm:eaThm etemtricallyamuhexded Mtﬁﬁnambmma@% W Gﬂhirblleduﬁesﬂ tgﬁgn??datng WFfrv]ln
; on. an
:dglo[r})ggndt ﬁ@@‘@ﬁﬁ%‘sﬁt&%@ﬁ%g‘ﬁﬁﬁﬁ% Agbﬁ? (E?nﬂ?lt gﬁgﬁ%’&f Wl?é{r et hg gr oups
fromthe Pehygigalon®ans.e Thederrrtiganst is intendest to meaniagmblexsilel iehrasugh 18
(CRC Handbagdn hatGeMiathey 1 Birion gaﬁgrégfé'nﬁ’é}améﬁ’ ) EgéJ”' ess

ot herw se defi nged, al tec n| ﬂg?i an sclen; terns use herei n have
the sane meger{ ompleymydiaryusaitias 3tsed. isyintanslestto reeam Agomeadnd in t he

art to 2 chamhgaatumrﬁnmetmnufimgfandml |85t m&maﬂds% éi%ﬁbdhreg?/e th ! Olnet ter
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herei n can Periodiedl abie tene npinsred éroon leftestrighd asf1 thieugtd18(E€RENt i nventi on,
sui tabl e meipAdR.K S EHeRISH Bnd'PhyLRiCEI PRitRE, 2800).
Unless otherwise defined, all technical and scientific terms used
25  herein have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs. Unless otherwise
defined, all letter symbols in the figures represent atoms with that atomic
abbreviation. Although methods and materials similar or equivalent to
those described herein can be used in the practice or testing of the
30 present invention, suitable methods and materials are described below.
All publications, patent applications, patents, and other references
mentioned herein are incorporated by reference in their entirety. In case
of conflict, the present specification, including definitions, will control. In
addition, the materials, methods, and examples are illustrative only and
35 notintended to be limiting.
Other features and advantages of the invention will be apparent
from the following detailed description, and from the claims.



Al'l publications, patent applications, patents, and other references
mentioned herein are incorporated by reference in their entirety. In case
of confl iwD,20edm@63mesent specification, including defi niPCrarsg0o3eioh3

control. In addition, th‘bl‘:"%RfF"'ﬁb‘i\l ﬁgh@j@ AW sganpl es are

Il lustrative onli:and 35 O her features and
advant ages of t h&igWechshews Formulse g XPdand 16q) don 2 FBars frangpest det ai | ed
descri pti onm@ishmén®tnhithe cl ains. 7 WD 2004/ 006354 PCT/ US2003/ 021613

o char ge. L anspor 19URgSRaPe E e WaBuSR LS| B asttentindng] " nr cugn

11(c) fob anedreorgerit vaitsport 5 nonomeric unit. Figure 3 shows Fornul ae

Figure 4 shove’ FoRIER: SOV O o it Ao B Gildor ERBRRRLe” "

t ransport c@@p@BDt‘tlmﬂn@ﬂeﬂh@nltnvent|on 10 Figure 5 is a schematlc di agram

of alight-emtti | | ough V(e)
for el ectrol um ngyj%e%t@gﬁ?\élgrﬁ%mg{?%nd x)gtg%%}ﬁpgﬁf %@@W%@ THE
PREFERRED EWCBPREIQPQ‘PW%@TW%W% ©Bnposi tions of the invention are

useful a8 charge H%n*er@rss@echerﬁaﬂ@diagmn &feebgmzmmhmgxﬁede |E>ID? or with
other material s. e

Pol yners with tr |Fé$l§/%r‘%?ﬁ%\ﬁ§%8§r%ﬁ%ﬁtﬁ%%ﬁﬂgﬁ?&@g q(ﬂlg rh\é\%"ﬁgscqrftflnﬁl ae

I (a) thr oughrldll(lm)c;oraplexpart icularly useful as hole transport materials. 20

|n general . n HETAR EASESCR LGN D FRRPREFERREDE AR A from 1
t hr ough 20. . In one

enbodi ment , Ar 1 ilhespolyness copmasiiensyal the invsingneaye usgiubasshaiga ch my

have ongsor tﬂéﬂéﬁoﬁ&ﬁ@l@ﬁa% OTfey €1 BE @deaidheddor WRA Bt AAleriAls. Phey hese
groups may fur

f 25 substituents include, but
are not |ini°PB et‘ésecg?‘?y'f)s{ﬁ{éf QEBQ?E(}(YGHR}???”&S heteroaryl, aryl al kyl ene,
het er oar yl al kyl efRalyrGatsafiih trwargllnﬁﬁhhlﬁel-demhanm noriohierleaimits evihgn are as

defined abOY:%rmlJ[éeolr('g) ﬁl%’l?&\ f(@f] are ééhlch§arﬁ/euseecfuleéis %ng}é?ﬂﬁgytl ene and

materials.

20 In general, n is an integer. In one embodiment, n is an integer from
1 through 20. In one embodiment, n is an integer from 1 through 12.

In one embodiment, Ar1 is selected from phenyl and biphenyl
groups, which may have one or more carbon atoms replaced with a
heteroatom. All of these groups may further be substituted. Examples of

25  substituents include, but are not limited to, alkyl, heteroalkyl, aryl,
heteroaryl, arylalkylene, heteroarylalkylene, CyHgFp, and CgHgFg, where
a through d and n are as defined above.

In one embodiment, Ar2 is selected from phenylene and
phenylenealkylene, which may be further substituted.

30 In one embodiment, N(R1)2 is a fused heteroaromatic ring group.
Examples of such groups include, but are not limited to, carbazoles,
benzodiazoles, and benzotriazoles.

In one embodiment R1 is selected from alkyl groups having 1
through 12 carbon atoms, phenyl and benzyl.

35 Polymers with phenanthroline-derivative monomeric units having
Formulae ll(a) through Il(c), are particularly useful as electron transport
materials and anti-quenching materials.



phenyl eneal kyl ene, which may be further substituted. 30 In one enbodi nent,
N(R1)2 is a fused heteroaromatic ring group. Exanples of such groups
i ncl ude, Wotoewmessat |imted to, carbazoles, benzodi az@CeaS2e3021613
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11(c), are frofudeWurdry nos Bifited 4s, %ﬁphewzo%kﬁ/n% ,rﬁegfmatrﬁ,rgal ;snagﬁe
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Chr ough 4 alBhenh @ndkfuiBer Rabst@edavit ﬁgﬁﬂ@péh@@tﬁdﬁﬂm,ﬁﬁlﬂéﬁgi one R2 i's
| ected f I bi t | th a group

§§| th :d f;@ﬂ),ﬂhgﬂ ’Hg@g,glzd%W]M%H%%#éaﬂg{r%%}:dw%mﬁerée\éa t hrough d

and n are a g}‘ﬁ%‘i‘ﬁ‘ @¥above. 10 In one enbodi ment, R3 is selected from
al kyl gt®ups havimgnéreonbddinent, Riyls dllectatifrom alligigrolps ain@fbadi ment, R4

Is selected henyl eneal kyl ene, al kyl ene and al kenyl ene. In
one enbodi &'ﬁ??%ﬁ?ﬁ@b@%ﬁ“’?‘g‘ast one substitutent on an 15 aromatic ring

sel ected from F, IcapammbatimentiR? sealecteddraim pbesyieRd, where a t hrough d

and n are a ' e MY LS an integer. In one enbodi nent,
nis an int gggﬁﬁléﬁéélk%ﬂéhalgwéng é‘kenﬂghé'nbodi ment, nis an integer from

1 through 12. P 6%@%‘1% inégEitﬁgf;@d}s{;\ﬁ&%ﬂn@eﬁqbvﬁﬁt%@ﬁmm c units having
20° For mB aeaﬂotﬂuiéﬁx) ring séldated ﬁc@m_(m,)clsn??abﬁgagrﬁaaim: ectf?r*?df‘r’éﬂsﬁg'r %/rrer S
ﬁ;'?epf);l shg%PG%ﬁr@J%%ﬁvﬁg&%@én%ﬂ ére PR d&bﬂ%$359v?r is an integer. In
one enbodi ment, i geneiral,imiseayeintdgesmin bnekemhgdﬁrr%t, nis mmt@g{ﬁergfb'ergem bmn is
Shehy!coer ! SR e e A PR Pl
ymers with quinoxaline-derivative monomeric units having
20 Formulae lli(a), lli(b), li{c), and Ili(d) and wherein such polymers are not
homopolymers, are particularly useful as electron transport materials and
anti-quenching materials.
In general, n is an integer. In one embodiment, n is an integer from
1 through 20. In one embodiment, n is an integer from 1 through 12.
25 In one embodiment, R4 is selected from phenylene,
phenylenealkylene, alkylene and alkenylene.
In one embodiment, RS is selected from phenylalkenyl and
phenylakynyl groups, which may be further substituted.
In one embodiment, R® is selected from alkylacetate and
30 arylcarbonyl groups, which may be further substituted.
In one embodiment, RS is selected from alkyl groups having 1
through 12 carbon atoms.
In one embodiment, RY is selected from pheny! groups, substituted
phenyl groups, pyridyl groups, and substituted pyridyl groups. The
35  substituent can be selected from F, CI, Br, hydroxyl, carboxyl, carbonyl,
silyl, siloxyl, alkyl, heteroalkyl, alkenyl, alkynyl, aryl, heteroaryl,
alkylenearyl, alkenylaryl, alkynylaryl, alkyleneheteroaryl, alkenylheteroaryl,
alkynylheteroaryl, ChHgFp, OChHgF}, CgHcFd, and OCgHFy.



I'n one enbodinent, RS is selected from phenylal kenyl and phenyl akynyl
groups, which may be further substituted. In one embodinment, R5 is selected
from al kyWecettoessand 30 aryl carbonyl groups, which mayCrastenstobss3
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d nfSeRiedi % Fl | Q a (
E?gflggbr?inng no o"rijrcelrull"?:Fgﬁvgééﬁgﬁgﬁﬁé@'ﬁéé)ﬁgﬁ@%&%’P‘Ea{ %ﬁsgﬂ'_ée.enbodl ment ,
a mixed 10 %‘F%ﬁ%@qnomwmt saleeterdrors hiapmutass|I@) puloygbdl(BamiFigumt | east

first nprereFoenuas ili@RMH)2RI(EY, @hdlNDY9ridUre)s. i n Figure 1 and at
Ioggstlone seconﬁlﬁgﬁ}rﬁﬁmrqég H(F]Hi)t s(e$ect ed(q‘)romI ornul ae 11(a) through 11(c)

in Figure 2 and

gad legiro tray MoneMEEiS, Ui Fandg d) in Figure 3.

The hol% anpolymarizedrwith iresmonbraricaurstsi to fuu_?hmmwml IyrRerkd n;éwﬁrlg%éreidz\éwdt h
[ j ' . ey also. can

W th one or Canpe Hiimbz bl cRER RS R berdtd RaTmerio i KM The hol e

and el ect r ofPRQI¥MEPDr (Theohlerand electrarstreaspdrt manopwriowenitszeah bét h each

other or wi &8petyinefize8 MIRICh difibt 8r wi G mohbifiKh AL NGgy L4 uor enes,

Car bazol oo, rERIAVYERY. (KEIeERaRBPRYcBPS. GIMeTUlRsaVinYianesp oksdigEbleshol o and
el ectr @0 t rth]ﬂmjiazcbl?asﬁfilazdalab,Scagtrjailzjcblﬁg,i ?/ﬂm@fithea%?éF%Jgamll)l@gtcﬁg)ligg@e@gq{?ﬁes23‘9’2
'OP g: ??;feﬁ?olgﬁfgwgrlﬁo?? ﬁf{é%ﬂﬁc ro Qtr%qﬂprﬁ%?,agenals Include, %u?| are not limited
to those shown in Figure 4, Formulae IV(a) through IV(f), where:
s and t can be the same or different and are integers of 1 or more.
The polymers can be prepared using known synthetic techniques
25  such as Suzuki or Yamamoto coupling reactions, as further described in
the examples.
The compounds of the invention can be applied as thin films by
evaporative techniques or conventional solution processing methods. As
used herein, “solution processing” refers to the formation of films from a
30  liquid medium. The liquid medium can be in the form of a solution, a
dispersion, an emulsion, or other forms. Typical solution processing
techniques include, for example, solution casting, drop casting, curtain
casting, spin-coating, screen printing, inkjet printing, gravure printing,and
the like.
1 35
Electronic Device

The present invention also relates to an electronic device
comprising at least one of the charge transport compositions of the

10



The polyners can be prepared using known synthetic techniques 25 such as
Suzuki or Yamanobto coupling reactions, as further described in the
exanpl es.woheodwsieunds of the invention can be appl i edPas/ushoos/oRichdrs by
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t ech I n castl stin curtaln
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pr: n: | ng’? and40tq1:)@1n)ﬂ3{mg aaalﬁtmhr@mspnrtnmi/oeamnqupnelslegtmaireweht | onaflgzo
relates to

transport c%t&?ff”'ééﬁﬂb'%{‘%ﬁé’% BRI el S fhoh PRk ARB B B BRI

i nventi on p&erisierinteagive QYth@Q)aé\ﬁlabew deyicas digsluently usede. A
typical dev m@tf@@@dttﬁrﬁrar%pﬁﬂpmgef 156, 8kt €o Fhe Jétﬁoﬂ'@vLés%réqgoh@ﬁo an anode

[ 120
comnr i 51ng NaPeatf 1D G M iburRaand PSElRY e Tse s Masole o | ayer 5
140 confli siaygran el ectron transport and/or anti-quenching materl al . o
B he hol t quenc I ng
Cayer is the Bhit%;%@?ﬁ@@é gfﬂ*ﬁéf%ﬁﬂaét‘biﬁtﬁé oo {3 368 bhpRRekHe ) "ise
anot her el etayesd 3Praandipa lightemitting tayendixat IS@CtIVaiedéJtykm*dappliﬂwers 120, 130,
140, and 15QoRage (SUhasial ightafiiifd bisal! o\ffﬁgm-éﬁﬂitﬁﬁé%geoén%cﬂénﬁ%qt active 10

De I t oactive
| aver 130 Cafnd 1aVHh ClitaBraL e (eanayis torediankonRioy FaCPISYatas Bpp! | od
vol t ageﬂ’h susignabwith or withglt aamEpplied Gidd \Qﬂ%g@fébth‘l Bs el ﬁHdtctﬂ%ﬂetrectglrant ener gy
and_gener at ECMPIES! dnotPay@¥fis Moy BhpRephdiue s, BEobEdaE (such ac
i n a phot odphetoswitches, ptaipliransistbrs rodaseteitbes sandhphoideolthicteetionduct i ve
cell's, phot g5 gsdsdd férn%s ar@@%%@ﬁﬂ\é Wmaa?kuéab%ﬂt E%@ﬁjoﬁ}cgra%d ﬁnglegnl%%m ubes,

and phot ovoI taic cel
El ecltoronl cs &%‘@”ﬂ@élggrﬁﬂ%47@('@9ﬁ6@l\dﬁy” |1W01%@ 476 (McGrawHill, Inc.

1966) . & The | aypesaydrs iMthel@Ni6s cADIRaB R aRY nRit¥ridRbARiLR fe whi ch are
known to be useful in such layers. The anode 110, is an electrode that is
particularly efficient for injecting positive charge carriers. It can be made
of, for example materials containing a metal, mixed metal, alioy, metal
oxide or mixed-metal oxide, or it can be a conducting polymer, and

25  mixtures thereof. Suitable metals include the Group 11 metals, the metals
in Groups 4, 5, and 6, and the Group 8-10 transition metals. If the anode
is to be light-transmitting, mixed-metal oxides of Groups 12, 13 and 14
metals, such as indium-tin-oxide, are generally used. The anode 110 may
also comprise an organic material such as polyaniline as described in
30  “Flexible light-emitting diodes made from soluble conducting polymer,”
Nature vol. 357, pp 477-479 (11 June 1992). At least one of the anode
and cathode should be at least partially transparent to allow the generated
light to be observed.
The triarymethane derivative polymers of the invention, Formulae
35  I(a) through I(c), are particularly useful as the hole transport composition in
layer 120.
Examples of other hole transport materials which may be used for
layer 120 have been summarized, for example, in Kirk-Othmer

11



known to be useful in such layers. The anode 110, is an electrode that is
particularly efficient for injecting positive charge carriers. It can be
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i nvention, bREAULARN, N:iﬁpﬁérﬂ)laﬁqmd%%%né TPs 36 R:il@l?ﬂ'derﬁle éﬁéa!«}b%ﬁg/db as the

t t
B e N
exanpl e10 i ndl@tmwa@ﬁu)vz -miethWh @R 4 GAEBT b HRGTY)HS R , Encycl opedi a
f Ch | 1996, by Y.
Sang. Both AITEIRE ﬁ@é% ef*?ﬂéﬁ’ﬂﬁg@bﬂﬁ@-@X@feamjf@/wfoép’?%W'ﬁ%v QM Comoni y
used hol e t (BRABpUTREAGPKD!,2dtanssbig(QH-chirbdazoliPpihenglobutane (DCZB),

- di -
5 Lol y) Z&”nz‘ﬁw"“@g@%i gi';#zﬁ%m* ‘ﬁPﬁF ] @?ﬁﬁ%ﬁﬁﬁqﬁmﬁaﬁn@'ﬁkﬁ'
bi s(4- et hyl PR mpoyngs;sugh r?étmp)ebp halgaypniney: Cainime )éU(SEq‘PD)

t et r aki $5 ( 3hotet thargpoeting pol n{‘érgla; yidepatst@edi am ne (PDA), a-

h I ne S I et h | a enzal dehyde
phenl L SIAAMIEEh ) v rebard Fh ST

di et hyl am npps@ibmmumhdmjé }rensprerttlhglmitwnglts)b;eddxang I'(dl@hﬁhs?ci)rtlng I

1- ph | - e pyrazol i ne
(PllgRen)r/ éﬁ?}/ &J{@%Q%Iﬁ%ﬁﬁésﬁ%gﬂcar %%@P %W{);%ﬁ% r%%{ aﬁeﬁ(/DCZB)

N, N, N, N -t BeWERIrenreand peiycagiangie) - (1, 1' - bi phenyl ) - 4, 4' - di ami ne (TTB), and
por phyragi ¢ _conpeyaRiplessfeahotORRRE IBJSMAICRKRRICS! iaon! y used 15 hol e

223”38?’;%P%&eﬁﬁr%éﬁﬁ%%rﬁa&é"e%a&?ié?g%rnﬁmaz&éﬁg%%oﬁaé&%%' 2 bt ai n ol e
t ransporti ngomppbunes ardyrefemedg Thel mostrgretarasd ¢at@pounds include
cyclometalated iridium and platinum electroluminescent compounds and
mixtures thereof. Complexes of Iridium with phenylpyridine,
25  phenylquinoline, or phenylpyrimidine ligands have been disclosed as
electroluminescent compounds in Petrov et al., Published PCT Application
WO 02/02714. Other organometallic complexes have been described in,
for example, published applications US 2001/0019782, EP 1191612, WO
02/15645, and EP 1191614. Electroluminescent devices with an active
30 layer of polyvinyl carbazole (PVK) doped with metallic complexes of
iridium have been described by Burrows and Thompson in published PCT
applications WO 00/70655 and WO 01/41512. Electroluminescent
emissive layers comprising a charge carrying host material and a
phosphorescent platinum complex have been described by Thompson et
35 al.,in U.S. Patent 6,303,238, Bradley et al., in Synth. Met. (2001), 116 (1-
3), 379-383, and Campbell et al., in Phys. Rev. B, Vol. 65 085210.
Examples of a few suitable iridium complexes are given in Figure 6, as
Formulae V(a) through V(f). Analogous tetracoordinated platinum
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nmol ecul es such as those nentioned above into polyners such as pol ystyrene
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WO 02/ 02714 €r organone ‘exes have been described in, for
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and EP 1191G}he rﬁb@ﬁ?érﬁ)' é&ﬂ tﬂ?drggm%('c‘f"' {éﬁﬁfc?e&fg@ Ififd) 1284 aver of

pol yvi nyl car ba “L I'Tidi um have
been descri BEFONATE WSS a%ﬂ'&? @ﬁéﬁﬁ@&@nﬁﬁomﬁlrm pgrcompesitiemin ons WO

00/ 70655 anataywm/ 8264 Blodichrtanisen 6aRE6Sion A8 Y80! Prsfetagpr | of ng

char ge carr host Ier ore at i num conpl ex have
been descrl eeqvaggegpd ‘5)‘4' )%“ W@ﬁ‘(g@oymerm thegr adl ey et

al ., i n1($yntlr1|venlubn areg 21@@&)&13 thé@lédtrorﬁl)ranﬁiﬁt/éﬂt&quéﬁdhlﬁgrl@m|nh light al ., in
Phys. Rev. ﬁlﬂg dlg 085210 Exanples of a few suitable iri d| um conpl exes
are given |nﬁ?£ ., as Formulae V(a) through V(f). Anal ogous

t et racoor di nat ed Eﬁﬁﬁtﬂ'@ﬁ:ﬁf a@dlmalmja¢tamtzansm1rnw$emmmman beonpl exes
can al so beygsesh navbeaso%aeaé Ahetd] &?él&l%ﬂ e P@ cH'ggd al one, or

doped into ¢h e-carr sts, n above. e ynerlc char ge
transport rr%f‘%é %é(p fﬁl‘f’}?gatp B'm'mam (ég}sﬁb%n%é@eé@m@s Jush
or ganonts al 2-d-Epllemiyips-@nt-batgighendl) ns 4rherinidis oPBDS aﬁara- tl ve and

100y Xa'l'l2(egﬁehvﬁag‘ﬁﬁﬁ%'ﬁi—iﬂoa?y'%fiﬁrav' cﬂ?a‘ﬁriﬁ%ré;eefﬁﬁ@); S, "

t ransport/ af€regiuenchi ng conposition in layer 140, or as electron

transport COWPOSTI'hé%tHdHé %’Gﬁs%?,%&’{@éfﬂ%?||§’par;t|%ﬁﬁr9ll§}e%ﬁanvef§kI o

derivative and quinoxaline derivative po lon are used
as the el ecfﬂi%@fﬂgr%ﬁ%%ﬂﬁ ¢bﬂ@93t!j4§9e‘%hﬁfgﬂ@ar rigfer Tihe ¢atigede cambetanyg di ode.
an”m %%OT m‘:tdalldrllwmetgl ﬁé\?lh £ IbW@FWR furiBliofrthah $h€¥5"826860%t9ﬁ’alsused in
7 <o nyar BV EAEAR S G5 PRl e Shah efaI 18 GraiHpdufe Luie)as
the Group 2 (alkaline earth) metals, the Group 12 metals, including the
rare earth elements and lanthanides, and the actinides. Materials such as
aluminum, indium, calcium, barium, samarium and magnesium, as well as
25  combinations, can be used. Li-containing organometallic compounds, LiF,
and Li;O can also be deposited between the organic layer and the cathode
layer to lower the operating voltage.
It is known to have other layers in organic electronic devices. For
example, there can be a layer (not shown) between the anode 110 and
30  hole transport layer 120 to facilitate positive charge transport and/or band-
gap matching of the layers, or to function as a protective layer. Layers
that are known in the art can be used. In addition, any of the above-
described layers can be made of two or more layers. Alternatively, some
or all of anode layer 110, the hole transport layer 120, the electron
35  transport layers 140 and 150, and cathode layer 160, may be surface
treated to increase charge carrier transport efficiency. The choice of
materials for each of the component layers is preferably determined by
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15 2-(4-Dbi phenylyl)-5-(4-t-butyl phenyl)-1, 3, 4- oxadi azol e (PBD) and 3-(4-

bi phenyl yl) - 4- phenyl -5- (4-t-butyl phenyl)-1,2,4-triazole (TAZ), and m xtures
t her eof . Wbeoetiohssde 160, is an el ectrode that is parti eararskgoseefeizi ent
for inject lmrﬁilr@tﬁé)?éalgrof'b‘?&ﬁéhhﬁ% &é\ﬂéé’@\/ﬂﬁ%éh ?J"e%rceg?ﬁm%ﬁ&m e can be
any 20 netal ar.no a | ower work function an the anode.

Mat erial's f&rOYHEg c%ém e SM'CSgO'é%EFVé% ed fromalkali netals of Group 1
(e.g., Li, Gs), Itisaur@eostpod thal éadh foacksidl hayerehay be rhdde (h@moke netal s,

i ncl udi ng the. nBﬁé?a rth el ements and | ant hani des, and the actinides.
Material s such a uim num indium calcium barium samarium and

magnesi ufn as vveIThQa@e\Q'@e caniberzrepares), bycavalietyusfddchmigues,ineludingg

r ganore 3, Sl oyt e ARG M A S BAOR A o1

known to havdbSHRESS $ugieas dlass hz&mérl@(f'{m%ﬁaﬂ b@eusaobs(;omntnoeahrrm e,
there can beraporL d&@éSIﬁmte Qe veaSed %&Wﬁéﬁﬂ%l apsh oréf?o(ﬁ‘o' €
transport or band gap

0 t te t i
ot of i yabBr BRO R A i s Amata 166 orapuie veiger o ho:
are knoh@ i cantbe liquid paocdssed fen sumaladébwe(mlts Lwir)geﬁy tbaverilowar descri bed
anade | ayer %ﬁiﬁﬁﬁf%ﬂ%%q% ARG by A Byt SPRES IR FERESIG! anspor
layers 140 &pltorsdl teghnioegsHekdet @ryémglecreenegnrwmgand@rmure prégtingd t o
; nerease 2@1 genél rtherdifférane Rets \ﬁfll‘;lirééﬁeetﬂ‘égolldépiﬁpgrgﬁbﬁﬁf %cﬁ%%%%%h?gg 6;22
PCT/ US2003/ 6?9@3% §PQ?&®P§ g%& 406¢- Bptegt@w lewessi 2% hi gh
de\él ce w; | 5oezmpAMpréf@rannyQ@0d1G@ﬁaqﬁ@mcﬁuvdeaymsmﬂg%dm | th i's
under st 0o an one
|l ayer. 5 Th F%‘é&a%@é%é”l%ﬁb%zgp%@% WQY?rn?‘&?af‘gt@thB@QQ »i ncl udi ng
sequent i al | prafarasly d8pdi$I00An gathoslei 16, \ZDGu‘EOOOOafyeﬂrefewbly 390i-300i0lke
substrate. Tﬁlél?@éétﬁ)trﬁéf tﬁé%&ﬁnrﬂh@l@%@%bﬁ@t%ﬂ?on% ih éﬁ%e&%@a%ﬁq used.

Convent i onal Sctﬁpor deposition techniques ca her mal
evapor at | onthu @rﬁ@&ﬁ'%‘a‘iﬂﬂc’“@@b@fs’ﬁhﬁ@ch%mntbﬁeaﬂfﬂ?ﬂ@d bxtherelativerel y, t he

or gani c20 ay eiskrisaredeh Iéywlﬁwdﬁm%ﬁ§ﬂﬁ|e§§ 9@%%|%&Férﬁtrtéﬁéa@rﬁlﬂa§/er using any
ut no I mted

api - coat 1 gl PeLB5heReeo Ao e pESEMaT etareasion Aeng &inghe nt i ng.
screen pri ntightepraitiing teyenr #hprdesiredgatio of layer thicknesses will depend on
the exact nature of the materials used.
The triarylmethane, phenanthroline derivative, and quinoxaline
25  derivative polymers of the invention may be useful in applications other
than OLEDs. For example, these compositions may be used in
photovoltaic devices for solar energy conversion. They may also be used
in field effect transistor for smart card and thin film transistor (TFT) display
driver applications.
30 EXAMPLES
The following examples illustrate certain features and advantages
of the present invention. They are intended to be illustrative of the
invention, but not limiting. All percentages are by weight, unless otherwise

indicated.
35 EXAMPLE 1
This example illustrates the preparation of polymer IV(c) shown in
Figure 4.
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In general, the different layers will have the follow ng range of

t hi cknesses: anode 110, 500-5000A, preferably 1000-2000A; hole transport
| ayer 120WORB048063ZA00A, preferably 200- 1000A; phot oact i PETIEY@3/01603
10-2000 A, preferably 100:Bt000A; ele B transport |ayer 140 and 150,
50- 2000A, preferably @- L000A; cat c@ 60, 200- 10000A, preferably

300- 5000A. The I,Qcat of the electron{hol e reconbination zone in the

devi ce, and ife efni ssi on spectrum @ e deV| ce, can be affected by
t he relatlvthikn of each | ayer
el ectron-tr arrspOrt shoul d be@en hat 'the el ectron-hol e

hlckness of the
reconbi nation zone is g lig ting |layer. The desired ratio of
| ayer thicknesses wi|l depend on Tthe exactpnature of the materials used.
The triarylnethane,]ﬁhenanthrollne derivative, and quinoxaline 25
derivative polyners of the invgntion may be useful in applications other
than OLEDs. For exanpl e, these|conpositigps y be used in photovoltaic
devi ces for solar energy conver/sion. The @ al so be used in field effect
transistor for smart card and ¥hin filmthefsistor (TFT) display driver

applications. 30 oII:mnng e anples illustrate certain
features and advant ages 'S eFF , \ They are intended to be
illustrative of the i imj . Al percentages are by
wei ght, unl ess W [ g. 3 2% This exanple illustrates
the preparatio s X . 14 WD 2004/ 006354
PCT/ US2003/ 02113 . ~Ibla N aNt [1V(c)

Under nitrogen,

IV(c)

Under nitrogen, to a mixture of 1a (3.96 g, 9 mmol), 1b (3.63 g,9
5 mmol), zinc (4.0 g, 61.2 mmol), NiCl, (0.234 g, 1.80 mmol), PPh; (1.87 g,
7.2 mmol) and bipyridine (0.29 g, 1.8 mmol) will be added DMF (100 mL).
The resulting mixture will be heated to 90 C for 48 h. It will then be cooled
to room temperature and diluted with CH.Cl,. After filtration, the solid will
be washed with CH,Cl, and the combined organic layer will be washed
10 with 1N HCI and brine. The solution will be concentrated and precipitated
from MeOH to give polymer IV(c).
EXAMPLE 2
This example illustrates the preparation of polymer IV(a) shown in
Figure 4.
15 Polymer IV(a) will be made similarly to the polymerization
procedure outlined for polymer IV(c).
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5 mol), zinc (4.0 g, 61.2 mol), NNd2 (0.234 g, 1.80 mml), PPh3 (1.87 g,
7.2 mol ) and bipyridine (0.29 g, 1.8 mmol) will be added DMF (100 ni).
The resulworgoaiosisare will be heated to 90 C for 48 h. PCTWSRé030RBM3 be
cooled to roomtenperature and diluted withNERC 2. After filtration, the
solid will be washed w t hgCH2{M 1d t hg nbi ned organic layer wll be
washed 10 with 1 N H on wi || be concentrated and
precipitated from ). EXAMPLE 2 This exanple
illustrates the pt V(a) shown in Figure 4. 15 Pol yner
IV(a) wll H hde J p rization procedure outlined for
pol ynmer | V(ck O~300270063p4 PCT/ D3/ 021613 N Et2 Br Et2N N N\ ~
\ Br Br Br Et2N NEt2 P V( aprBEXAMPLE This exanple illustrates the
preparation of polyner (di—a’,r hown in Figure 4. 5 Polynmer IV(d) wll be
made simlarly to polynerizatidbn_procedure outI'NrEQépl for polyner 1V(c). 16
WO 2004/ 006354 PCT/ US2003/ 021613ET:Bk B 2N “ Br

IV(a)

EXAMPLE 3

This example illustrates the preparation of polymer IV(d), shown in
Figure 4.

5 Polymer IV(d) will be made similarly to polymerization procedure
outlined for polymer IV(c).
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Et2N NEt2 QI I - NNEt2 st [1V(d) EXAMPLE 4 This exanple illustrates
the preparation of polyner IV(f), showmm in Figure 4. 5\ / \ n NI 4a 4b
I V(f) A rwordedoosisam fl ask, which will be placed under mCTrusges/oarsd3fitted
with a Dean- Stark trII be charged with 4a (5 mmol, which will be 10
synt hesi zed fol | ow ng pcedure outlimged_in J. P. Chen et al. Synthetic
Metal s 2003, 132, 173);7 benzal dehyde 4 3 ), p-toluenesul fonic acid

(9.5 nmol ) and Re-dhenzene (20 nl). resulting mxture will be
allowed to refl i ee+days af t er Ich the polynmer will be isolated

by preci pi tBifT 0% { 17 354 PCT/ US2003/ 021613 EXAMPLE 5
This exanple illustrates/the pre Af polyner 1V(e) shown in Figure
4. Et2N NEt2 N + SIN yrg, Bt Ft2 Et2Nt NNI IV(e) s 5 1n

an inert nitrogen atnosphere, a round-b&om flask was charged

l Et:N NEt,

IV(d)

EXAMPLE 4
This example illustrates the preparation of polymer IV(f), shown in

®

(2
§
@ 4a 4b IV(f)

A round-bottom flask, which will be placed under nitrogen and fitted
with a Dean-Stark trap, will be charged with 4a (5 mmol, which will be
10 synthesized following procedure outlined in J. P. Chen et al. Synthetic
Metals 2003, 132, 173), benzaldehyde 4b (5 mmol), p-toluenesulfonic acid
(9.5 mmol) and chlorobenzene (20 mL). The resulting mixture will be
allowed to reflux for three days after which the polymer will be isolated by
precipitation from MeOH.
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with 5a (0.5 mol), 5b (0.5 mol), Pd(OAc)2 (0.05 nmol), P(oTol)3 (0.15 nol),
Et 3N and DMF. The resulting m xture will be refluxed for three days and

t he produwO 2084/do63dse i sol ated by dilution with CH2ClI 2 anaeCpriseoosioestd on from
MeOH. 10 18 WD 2004/ 006354 PCT/ USZ(E)@XM@LEJ@ CLAI I\/B What is clained is:

ronomer & un t naiog PRI GsPRE T pREARlTor piieies e sheweda be the

same or dif ffé@Wetd.at each occurrence and is selected fromaryl and
heteroaryl; Ar2 can be thg same or different atgach occurrence and is
sel ected from aryl ene_and het g 7 can be the same or

different at each occ@gfrgnce and ig fromH, alkyl, heteroalkyl,
aryl, heteroaryl, ,3 | ene, PO &’kyl ene, CnHaFb, and C6HCFd, ;
or adj acent RAN Q'™ an be jgined to - or 6-menbered rings; nis
an int eger;5 3 and d are Q-og an integer such that atb = 2n +
1, and ¢ + 0 N2. corrp05|t|on gf Jaim1l wherein Arl is selected

from phenyl, substit J ubstltuted bi phenyl, pyridyl,
substituted pyridyl, bipyrfdyl, and substltuted bi pyridyl. 20 3. The
conposi tion of C ai gl wherein N R1) 2 5k sel ected from carbazol es

benzodi azol es, and benzotri azolegs. 4. The conposition of aiml1l wherein RL
is selected fromal kyl groups having 1 through 12 carbon atons, phenyl and
benzyl. 5. A conposition conpris|ng a polyner having at |east one first 25
mononeric unit having Fornula 11fa) in Figetre 2, wherein: R2 and R3 are the
same or different at each occurrence gnd(are selected fromH F, O, Br,

al kyl , heteroal kyl, al kenyl, alk yl, heteroaryl, CnHaFb, C[thFb
C6HcFd, and OC6HCFd; R4 isgify i/fferent at each occurrence and is
selected from 30 al kyl ene, “het e, al kenyl ene, arylene, or

het eroaryl ene; a, b, c, 3 an\i nteger such that atb = 2n + 1
and ¢ + d

5 In an inert nitrogen atmosphere, a round-bottom flask was charged
with 5a (0.5 mol), 5b (0.5 mol), Pd(OAc). (0.05 mol), P(oTol)s (0.15 mol),
EtsN and DMF. The resulting mixture will be refluxed for three days and

the product will be isolated by dilution with CH.Cl, and precipitation from
MeOH.

10
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=5 nis aninteger; x is 0, 1 or 2; and 35y is O or an integer from|l
through 3; with the proviso that there is at |east one substituent on an
aromat i c woroupos¥hected from F, CnHaFb, OCnHaFb, C6HcFaCTArsdoo@03tdeyd. 19
WO 2004/ 006354 PCT/ US2003/ 021613 6. A conposition conprising a pol yner
having at |east one first nmononmeric unit having Fornula 11(b) in Figure 2,
wherein: R2 and R3 are the sane or d¢ nt at each occurrence and are
sel ected fr% F .d, Br, alkyl, i Aﬁ\ﬂ§| kyl, al kenyl, alkynyl, 5 aryl,
heteroaryl, gslaimed igirp, C6HcFd, and OC6HcFd; R4 is the sane or
different at each. g¢eompeBRiBnNprisinehlyRRer Hahg at I94s8BRe first
heteroaIfL(yI 21'0 al ken%/.Lﬁne gzrc%l ene  Or geteroaryl%n.e; a, % c, and d are
0 or an Tnt NISTIGURIRBEVIRG S armsila [(a), in gigyre 1+ whereins, 10 n' is an i nt eger;
x is 0, 1 or 2; AnHcgnibe theaananor diffegsit dteath bebhireHEs add i%él@lcfé&e gr?vi SO
that there is at | Ltuent on an aromatic group selecte rom
F, CnHaFb, OCnHaF %%ﬁc?@?@;ﬁ%%ﬁ%ﬁm 15 7. A conposition conprising a
pol ymer havi ng af\rt 6asbedhe semesor differantatieachiocturentegndas seleatelil(c) in
Figure 2, wherein: iZmandeRe sdHeh or different at each occurrence
fflofie sffihdoanidho

and are, , selected fro i ', heteroal kyl, al kenyl, al kynyl,
aryl, hleroaryl! thesgmams diffgseptat eaghousrarce; artbiskelécted he sane

or different at eacm)rﬂtH;lﬁkﬁ,ﬂf&emwﬁaﬁﬁ|h%fér6§r}fl,ré}?all§)l&/ ene,
het er oal kyl ene, al E%?%('J %W | alr}gl epe, %' het Eﬁmgl ene; ~'a, b.,c, and d are
0 or an integer su RaYIalkyledesfmtal b 3R ol oF adjagentRhn’ i nt eger:
25 pis 0 or 1; andgyoups Cambejoinedttefem 6+ onG-mémbersthridgs;wi t h t he provi so
that there is atpheasty Qéér'%'ﬁBSt ituent on an aromatic group selected from
F, CnHaFb, OCnHaFb, I—tlc d, ‘and OC6HcFd. 8. The conposition of any one of
Clains % 6, or & Dyh@ndicharp0iogan integer such thata+b =2n+ 1, and ¢ +d
=5,
2. The composition of Claim 1 wherein Arl is selected from phenyl,
substituted phenyl, biphenyl, substituted biphenyl, pyridyl, substituted
pyridyl, bipyridyl, and substituted bipyridyl.
20 3. The composition of Claim 1 wherein N(R1)2 is selected from
carbazoles, benzodiazoles, and benzotriazoles.
4. The composition of Claim 1 wherein R1 is selected from alkyl
groups having 1 through 12 carbon atoms, phenyl and benzyl.
9. A composition comprising a polymer having at least one first
25  monomeric unit having Formula li(a) in Figure 2, wherein:
R2 and R3 are the same or different at each occurrence and are
selected from H, F, Cl, Br, alkyl, heteroalkyl, alkenyl, alkynyl,
aryl, heteroaryl, ChHgFp, OChH4Fp, CgHcFq, and OCgHcFy;
R4 is the same or different at each occurrence and is selected from

30 alkylene, heteroalkylene, alkenylene, arylene, or heteroarylene;
a, b, ¢, and d are 0 or an integer such that a+b = 2n + 1,and c +d
= 5,

nis an integer;
Xis 0, 1 or 2; and
35 y is 0 or an integer from 1 through 3;
with the proviso that there is at least one substituent on an aromatic
group selected from F, ChHgFp, OChHgF, CgHeF g, and OCgHcFg-
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30 selected from phenyl, substituted phenyl, biphenyl, substituted

bi phenyl, pyridyl, substituted pyridyl, bipyridyl, and substituted

bi pyri dylwo2oo4lieessaonposi tion of Clainms 5, 6, or 7, whererrusRb3ioziesdel ect ed
from phenyl ene, phenyl enal kyl ene, al kyl ene and al kenyl ene. 10. A

conposi tion conpBi A ngrr?)qsijioylrmmpla?sihgng mﬂymeahaviﬂ%%tﬂééﬁfﬁne?rﬁstrmnom‘«‘ri C
unit having : . WelUlg i bn; R4 .1s the sane or

di fferent atnlf(gg{:ﬁ?:éﬁcc%ﬁlr}r@vgg gﬁ(ﬁhlgllsé Is b. g’c'%@g@?omheg?'ﬂyl ene,

het er oal kyl ene, & M@R@n@ﬁe theysasrreor differentat eachlcscarren2e anwd 52604/ 006354

PCT/ US2003/ 021613 d&edtadtfiin $RME (g[Bp!i%%,rﬁagr@é@gl?%gﬁwlwrg&ﬁgce and is

selected.from H F, d, Br, hydroxyl, boxy I, siloxyl,
al kyl, h2teroal kyl ,anfl kistgrpa 1&;1H§a¥bv QCnHaf e Cestdelr gl andaPogHesrear yi |

a: teny: ﬁr%/l, al klwiyilsahalsam; 6Nﬂiﬁ@@?ﬂ§é@%@bbcu@éﬁ@é‘ﬁ2§g§ §é|%efe§|'ftr%rﬁ -

al kynyl het er oaryl, , an or bo o]

t oget her may constiqq&h%ﬁghh%%%&é%?’ a%yé(?%@%,%g, gF Betsroarylese; ¢, and d
are 0 or an integeb, Guard dlaae Oorarrinteger dyctathéit @+b d2n= H,anklc B d S an
integer; and z is Q@ gr an integer from1l through 4; and wherein such
polymer is not a_honbpol ymer. 11. A conposition conprising a polyner

havi ng %é | east BrA®aRiipi®germononeric unit havi ng Formula 111(a), in Figure
3, wherein: 15 R¢ide, 1log2sang or different at each occurrence and is

selected from al kylene, .heteraqal kyl ene, al kenyl ene, aryl ene, or
het er oar yl ene; h@bgrﬁqemgerg{%?qﬂmﬁitﬁmgg?ﬁ; at each occurrence and is
sel ected from Hyitkth&€prowso tigtdhereyik at fearsh oxglsubsatuePRBh anSaroWaticsi | oxy! ,

s, o A ook, B Ly 2

al kynyl bt er oar y7, AGMEPBStioTeRARiSItEHpRlymenthvoRs Bt Fedist one fitm;h of R5d .
P2y R gt g e O 2 D o
integer; and x NS afd Y ke the same or different at each occurrence and are
selected from H, F, Cl, Br, alkyl, heteroalkyl, alkenyl, alkynyl,
aryl, heteroaryl, ChHgFp, OCyHgFp, CgHF, and OCgHcF4;
20 R4 is the same or different at each occurrence and is selected from
alkylene, heteroalkylene, alkenylene, arylene, or heteroarylene;
a, b, ¢, and d are 0 or an integer such thata+b=2n+1, and ¢ +d
=5,
nis an integer;
25 pisOor1;and
y is 0 or an integer from 1 through 3;
with the proviso that there is at least one substituent on an aromatic
group selected from F, ChH5Fp, OCHaFp, CgHFg, and OCgHcFg.
8. The composition of any one of Claims 5, 6, or 7, wherein R2 is
30  selected from phenyl, substituted phenyl, biphenyl, substituted biphenyl,
pyridyl, substituted pyridyl, bipyridyl, and substituted bipyridyl.
9. The composition of Claims 5, 6, or 7, wherein R4 is selected
from phenylene, phenylenalkylene, alkylene and alkenylene.
10. A composition comprising a polymer having at least one first
35  monomeric unit having Formula lli(a), in Figure 3, wherein:
R4 is the same or different at each occurrence and is selected from
alkylene, heteroalkylene, alkenylene, arylene, or heteroarylene;

20



12. The conposition of Cains 10 or 11, wherein R4 is selected from
phenyl ene, phenyl enal kyl ene, al kyl ene and al kenyl ene. 30 13. The
conposi t iwo 2004/0@b3s4ns 10 or 11, wherein RS is sel ected PCrarse@iemsianl kenyl
groups, phenyl akynyl groups, alkylacetate groups, arylcarbonyl groups,
alhkyl | groups haviRfg i$ tﬁ@é@#\@%r@ﬁ%@hbéﬂe@étﬂ?ﬁc&urrmﬁc{ B stidisted $I'§bgf$g- .4 t utT ﬁd
phenyl groups, pyridy and substitute yr.j dyl. groups. : e
conposition of d ai ﬂshg‘gil’wﬁdf%%f’@r )&y\},‘ﬁa&l&?r&@eﬂ‘yﬂ%o Ylo@lgylher are a

bi aryl ene group. 15heteroaikg; aidengloaikynygli agyl shgteroargl, ahkylanegrdt | east one
first nonomeric unj 1.ng g ' Lgure 1 and
at least 21 WO 2005'}‘8%%’@@ @%M%&y&éﬁ%ﬁé%ﬂ gg(%éﬁ%‘elrtr%ﬂg ric unit
sel ect eddf r om For nudlignylheteroant,dagtay.(@EnHaFbFCaltok 2 and O Giroiig.ae 111( a)
to 111(d) in Fi gureoppoltfeRS BodtRerEkbAStiluicin diiengRr! (c): Al can be

the sane or different, at eialch occurrence and is selected 5 fromaryl and

h
e
heteroaryl: Ar2 can"®ereaylene groyp; different at each occurrence and is

selected from arybgacandd dretopan iHtegsr; skdh et 3 + e sangnde +4d f f er ent
at each occurrence and is selected fromH, alkyl, heteroal kyl, aryl,

het eroaryl, aryl al kyl*ene, 10 heteroaryl al kyl ene, CnHaFb, and C6HCFd,; or
adj acenttOR1L gr ounis auintdgerj andied to form 5- or 6-nenbered rings; nis an

i nteger; and a, b,; ; r LWhhe t =.2n + 1, and
(LR 8002 D oot ) B o
di fferent at each oBei@ hemap eare selected fromH F, d, Br, alkyl,
het er oal kyl , al kenylA cahtpoaition cathitisindatIRRAEY haviky Ht fdast erelipstd, C6HCFd,
and OC6HcFd; R4 is.the, igg(e O'll’: di flf er(egt. a,:t eacg occurrence and is selected
from 20 al K9PENBENIGUDENGYING Fmaula i Red) Figwe S MRIED: or het er oaryl ene:
a, b, ci5and d aR# B the semé ot difiererstuat leathatccarrinse 2nd+s selested feom d = 5,
n s an integer; pélf&%rn%;, heteroalkylene, alkenylene, arylene, or heteroarylene;
RO is the same or different at each occurrence and is selected from
H, F, ClI, Br, hydroxyl, carboxyl, carbonyl, silyl, siloxyl, alkyl,
heteroalkyl, alkenyl, alkynyl, aryl, heteroaryl, alkylenearyl,
20 alkenylaryl, alkynylaryl, alkyleneheteroaryl, alkenylheteroaryl,
alkynylheteroaryl, ChHgFp, OChHgFp, CgHgFg, and OCgH¢Fg,
or both of RS together may constitute an arylene or
heteroarylene group;
a, b, c, and d are 0 or an integer such thatatb=2n+1,andc+d =

25 5,
n is an integer; and
xis 0,1, or 2.

12. The composition of Claims 10 or 11, wherein R4 is selected
from phenylene, phenylenalkylene, alkylene and alkenylene.

30 13. The composition of Claims 10 or 11, wherein R? is selected
from phenylalkenyl groups, phenylakynyl groups, alkylacetate groups,
arylcarbonyl groups, alkyl groups having 1 through 12 carbon atoms,
phenyl groups, substituted phenyl groups, pyridyl groups, and substituted
pyridyl groups.

35 14. The composition of Claims 10 or 11, wherein two adjacent R9
together are a biarylene group.

15. A material comprising a polymer having at least one first
monomeric unit having Formula |, I(a) through I(c) in Figure 1 and at least
21



25 xis 0, 1 or 2; andy is O or an integer from1 through 3; with the
proviso that there is at | east one substituent on an aromatic group
sel ect ed wWopam4RoeBaHaFb, OCnHaFb, C6HcFd, and OC6HCFd; iPoTRseendloas1ill(a)
t hrough 111(d): 30 R4 is the sane or different at each occurrence and is

rs1 el ected }‘ I oie wd@hﬂ&ﬁ@noﬂn@heuanlsbléc@étefroﬁi k@myulaeel,(a)athvdlﬁﬁﬂ,l(c@in g
eteroaryl e a nt a occurrence and is

sel ected frgﬁgurﬁ%’gngéormgfaenﬁ@ tBSMdf) rl%?( %@5‘? Bonyl silyl, siloxyl,
al kyl, heter oa: tm Floahlatawll(a) thrdughyi(c): aryl , het er oar yl, al kyl enearyl, 35
al keny!aryl, al kygy Y,

al kynyl het eroaryl %ﬂ%ﬁhﬁggaﬁ%@é@%} éagﬁgﬁéé@gﬁnggtaﬁﬁgg%ie’c edof R5

t oget herSmay const i frafearyhand Yplereay; het er oaryl ene group; 22 WO

2004/ 006354 PCT/ Wz%WEQﬂ@é’am@or Elfféientaétfbééhaé&uﬂ'e%e%ﬂd'lé‘%é%fedsu‘:h t hat
atb = 2n + 1, and c_+ d sanlnltgﬁger x1s 0, 1, or 2; 5y is O,

1, 2, or 3: and z i&o@ Wle&\?%ﬁ}t@@@mefr}' through 4. 16. A conposition
conprising a pol Riecahaeithg saind @adiffeamt at eash ocomrment asd lsédlestelect ed

from Fornul ae |V(a) rqQu I L FLaure 4. 7. A sition
conprising a pol yrreffg)ﬁa@i %Igyla}{é%%@?yloﬁg}ﬂfIfqtggoar%oa%ﬂgﬂgﬁ- ‘C unit having
Formul a10V(f) in Fi betesoaryialiglenss Qﬁr@"tg cand:CgH\theocadjacest Rd a

conposi tion conpris tor! t nmonomeric unit
havi ng Formul a 1 (a) g:‘@ﬁ{)%)ca?lodé’ﬂﬁ c{l@ guregﬁ%rmﬁer el ﬁ§ Arl can be the
sane or different BareRidgesca r ence and is selected 15 fromaryl and

heteroaryl; Ar2 eam, Beahd€ &r8Meortdn Mitédar Siith Biateadh= 96 QUT rpice+and i s
selected from aryI e%e and heteroarylene; Rl can be the sanme or different
d

at each occurrence and is selected fromH, alkyl, heteroal kyl, aryl,
het eroal§yl, aryl éh Eplrenkae IX@) thiedeglodic)t al kyl ene, CnHan, and C6Hch, ;. or

adj acent Rl gr oygss ,3RPGd AbUhd O (ifPm at ¥ach JHRIRERESahd 20S
selected from H, F, Cl, Br, alkyl, heteroalkyl, alkenyl, alkynyl,
aryl, heteroaryl, ChHgFp, OCnHaFp, CeHcFd, and OCgHcFg;
R4 is the same or different at each occurrence and is selected from

20 alkylene, heteroalkylene, alkenylene, arylene, or heteroarylene;
a, b, c, and d are 0 or an integer such thatatb=2n+1,andc+d
=5,
n is an integer;
pisOori1;
25 xis 0, 1 or2; and

y is 0 or an integer from 1 through 3;

with the proviso that there is at least one substituent on an aromatic
group selected from F, ChHgFp, OCyHaFp, CeHFg, and OCgHcFy;

in Formulae lli{a) through lli(d):

30 R#4 is the same or different at each occurrence and is selected from

alkylene, heteroalkylene, alkenylene, arylene, or heteroarylene;
RS is the same or different at each occurrence and is selected from

H, F, ClI, Br, hydroxyl, carboxyl, carbonyl, silyl, siloxyl, alkyl,

heteroalkyl, alkenyl, alkynyl, aryl, heteroaryl, alkylenearyl,

35 alkenylaryl, alkynylaryl, alkyleneheteroaryl, alkenylheteroaryl,
alkynylheteroaryl, CnHgFp, OChHgFp, CgHcFd, and OCgHcFy,
or both of R® together may constitute an arylene or
heteroarylene group;
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nis an integer; vyisO, 1, 2,0r3; zisO, 1, 2, 3, or 4; and 25 a, b, ¢, and
d are 0 or an integer such that a+tb = 2n + 1, and ¢ + d = 5. 19. The

devi ce ofwaQl2a¢amodB4wherein Arl is selected from phenyl, PCTUIsgt030at6esl
phenyl , bi phenyl, substituted biphenyl, pyridyl, substituted pyridyl,

bi pyridyl, and swhdxict aned ave fyorn aly Inte@@ 20ch Tt sad\ 2R 106, AR 8 wherein
N(RI)2 is selected £r-om carbazol es, benzodi azol es, and benzotri azol es. 21.
The device of Caim18 wherein Rl is selected fromal kyl groups having 1

t hrough 12 car boM igt@higtegsienyl and benzyl. 22. An el ectronic device
conprising a conpgsig Hogrgonprising a 35 polymer having at |east one first

nmononmeri ¢ unit havi 8’8 l’zgr rrueji_a 14%2(2(3) in Figure 2, wherein: 23 WO
2004/ 006354 PCT/ Y38803) 629%38"dR2 and R3 are the same or different at each
occurrence and arzds 9ebreart itederdronl1 throdgh 4Br, al kyl, heteroal kyl, al kenyl,

al kynyl, aryl, te | ....CnHaFb. . OCnHaFh, C6HcFEd d Fd;, R4 is
the same or di ffgr%eré8§@%8§'(§'%§8&ﬁrfsé'?ﬂ:@ pﬁ%ﬂ“?%ﬁé\é‘?@@?&@s& PBQ&'SStaI kyl ene,
het er oal ky| @i@oraetienyit salectert fyorarfeormudad &Y @) tarougkig(e) ia Fidureas. and d are
0 or an integer sgyc = : +Hd. = i n.nteger; Xx
is 0, 1 énr 2; ang 180‘58?@()8&]9? cgﬁﬁhriﬁﬁr&g%&rﬁ% l?gkf"ﬂg 855@%5?3%%{% t he
provi so19 haMANERG Yniihayipgdrorgwda BUBSniRigest4.on an aromatic group .
sel ected from F, 1804 Blecibhidehicd GbthpHsingHccBblifich cdmpridhgth et r oni C
devi ce conpt.i ﬁll ng .a congf)lsl t‘:%?%ﬁon%rll Si ng.a % %rrer havi n&ﬁ | east ohe
first nmonomBPMOSIqViigat kgs {S1 monameticunif Baging frasmulla {{adrldn: R2 and
R3 are the sale),dn Fijdreel, eviterain: each occurrence and are selected from H,
F, d, Br, alkyl /M f I aryl . heteroaryl, CnHaFb,
Contirb, - Oriort, 5o BRTRE Same ot tenti C40K ocguftca R s SeRcle
occurrelte and is devomaErdand keteraaryll kyl ene, het eroal kyl ene, al kenyl ene,
arylene, or hetepp2cyh@ethe same or different at each occurrence and is selected
from arylene and heteroarylene;
R1 can be the same or different at each occurrence and is selected
from H, alkyl, heteroalkyl, aryl, heteroaryl, arylalkylene,
20 heteroarylalkylene, CyHgFp, and CgHcFg.; or adjacent R1
groups can be joined to form 5- or 6-membered rings;
n is an integer;
yis 0,1, 2, or 3;
zis0,1,2,3,0r4; and
25 a, b, ¢, and d are 0 or an integer such thata+b=2n+ 1, and ¢ +d
= 5.
19. The device of Claim 18 wherein Ar1 is selected from phenyil,
substituted phenyl, biphenyl, substituted biphenyl, pyridyl, substituted
pyridyl, bipyridyl, and substituted bipyridyl. /
30 20. The device of Claim 18 wherein N(R1)2 is selected from
carbazoles, benzodiazoles, and benzotriazoles.
21. The device of Claim 18 wherein R1 is selected from alkyl
groups having 1 through 12 carbon atoms, phenyl and benzyl.
22. An electronic device comprising a composition comprising a

35  polymer having at least one first monomeric unit having Formula li(a) in
Figure 2, wherein:
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a, b, ¢, and d are 0 or an integer such that atb = 2n + 1, and ¢ + d =5,
nis an integer; x is 0, 1 or 2; and 25y is 0 or an integer from1l throug
3; with tWwe2pe630 that there is at | east one substitu@ct/usaodm2eidmat i c
group selected fromF, CnHaFb, OCnHaFb, C6HcFd, and OC6HcFd. 24. An

Fl ect r oni cf plevit ceRZ:anqu%éarregt_ht@ CONP mbtgfevénmréﬁdﬁddwrr%ngg@nﬂm hgvi ng at
wherein R2 and o Spectendtd Al bestodkd, alhenik AloBY and ar e
sel ected from H, F,ad, heBeroaaylkGhHdfrey, €@gti kv, Calkienydnd BICgHHy; aryl,
heteroaryl, CnHak®t isGhalails ofRiferdht ﬁ'é%cf@:'éﬁfrgnchz%gbz? Egﬁgﬁe?ﬁo%r

different at each occurrence and 1S selec

het er oal Ryl ene, al keélkyleBgehetgrgalkyeneoplkpaylepeaarylenee or haterparyigneand d are
0 or an integer suehctiwd dard gordn intdgeBUck thath+b=2n 1] §ndB + §t eger; 24
WD 2004/ 006354 PCT/ US2003/021613 p is 0 or 1; and y 1s O or an integer
from1l through 3; witth the proviso that there is at | east one substituent
on an aromatic griewminEgect ed from F, CnHaFb, OCnHaFb, C6HcFd, and
OC6HcFd. 5 25. T@(qs%e\{iocrez.%]‘ndany one of Clainms 22, 23, or 24, wherein R2 is
sel ected from phényl’} substituted phenyl, biphenyl, substituted biphenyl,

pyridyl 10subst i t wtie@ gnan iyegertramrl thydyghedn substituted bipyridyl. 26. The
devi ce of O ai ”B\Az%’th(%?proﬂéo%@att fd [l &t I&st'o@é@tﬁﬁﬁf‘éﬁt ofnré)rpbfg?ﬁ%é ene,
al k 27. An e e

phenyl enal kyl ene, al kyl ene an enylene. 1 ectronic Vi ce
conpri si ng Qr%ﬁ%@ﬂeﬂcffp’@cfamﬁm'ﬂaﬁ@ CnplafprésHdid, a§dCelgEy. one first
rmngrr;a;i C unit ha@i mn Electrohiz dé\ﬂé@bcpmipﬁsilnﬁi?%m 6siti@3h%|bﬁimisir@ai s the sane
or differen .occurrence and is selected from _a ene, .

het er oal kyl @g@ﬁﬂ%ﬂ@wﬁéﬁlgggﬁpw ﬁﬁsg,m%'?orﬂg'f“épﬂ r%vmfor@é’qig%p@ the same
or diff&dbenfFigireéaotheseiourrence and is selected from H F, O, Br,
hydroxyl, carboxy2 aWRBQé})éltPE%ialrrYnéegrr ?/l*lﬁjepé%lat ALK WorulEhES Qb al kenyl,

al kynyl, aryl, heteroaryl, a I-?/ e ,
selected from H, F, Cl, Br, alkyl, heteroalkyl, alkenyl, alkynyl,
aryl, heteroaryl, ChHgFp, OChHgFp, CgHcFg, and OCgHGFg;

R4 is the same or different at each occurrence and is selected from

20 alkylene, heteroalkylene, alkenylene, arylene, or heteroarylene;
a, b, c, and d are 0 or an integer such thata+b=2n+1,andc+d
= 5,

n is an integer;
xis0,1o0r2; and
25 y is 0 or an integer from 1 through 3;

with the proviso that there is at least one substituent on an aromatic

group selected from F, ChHgFp, OChHgFp, CeHFg, and OCgHGFy.

24. An electronic device comprising a composition comprising a

polymer having at least one first monomeric unit having Formula lI(c) in
30  Figure 2, wherein:

R2 and R3 are the same or different at each occurrence and are
selected from H, F, Cl, Br, alkyl, heteroalkyl, alkenyl, alkynyl,
aryl, heteroaryl, ChH5Fp, OChHgFp, CgHcFg, and OCgHGFg;

R4 is the same or different at each occurrence and is selected from

35 alkylene, heteroalkylene, alkenylene, arylene, or heteroarylene;
a, b, ¢, and d are 0 or an integer such thata+tb=2n+1,andc+d
= 5’

n is an integer;
24



al kenyl aryl , al kynyl aryl, al kyl eneheteroaryl, al kenyl heteroaryl,

al kynyl heteroaryl, CnHaFb, OCnHaFb, C6HcFd, and OC6HcFd, 20 or both of R5
t oget her weyoewnsisut ute an aryl ene or heteroaryl ene gr ®gpjusago3bpiee3 and d
are 0 or an integer such that a+tb = 2n + 1, and ¢c +d =5, nis an
integer; and 25 ZisOordramsh i nteger froml|l through 4. 28. An electronic

devi ce conpri sing;, ; bt |, S a polymer having at |east one
first nononeric %n?twﬁggﬁ%gégfﬁgﬁ;g%@w% to 111(d), in Figure 3,
wherein: R4 is tHdthsiigepevisg thebthere isat leashone substiuenrt amen asorsatiect ed
from 30 al kyrtbapeeldttdEfron K atj(_? N r ' t eroaryl ene;
R5 is thﬁ s?rlrre grzzicji_iferenl é{;ﬁg (I::R oC W@]?@@ %’%{s?ﬁs%ﬁr@g{ég@f_rom H F,
a, Br, Rydroxyl 2%alBodgviceaf@nyne olsklaims 22i 23xg 24, avigrein Rétier oal ky! |,

a: teny: , a: ksatydted &oy phbWIESl@l@st&lhtfagque?‘\kE{bﬁﬂféHyl,lsu@%’gt%l'?é/(? Erp}ﬁbmt |

al kynyl aryl , J _ ny r r . yny eteroaryil,
CnHaFb, OCn E,W%@E@ﬁﬁeﬁ’aﬁﬁw\gﬁw’oqncﬁ%ﬁ??@ft\éﬁﬁmmﬂ ‘her may constitute
an aryl ene or helferthe device afiGlaims 25, 28)o? @4 WPREShRPISTAISABH3/ 021613  a,
b, ¢, and d j t hat.ath = + and c +d =5, nis
an inte 8r; fﬁ:f(rﬁipgegj,}lei},a, glﬁé@?t@@al@‘ﬂggeb@@?ﬁ%f%ngrﬁg?nyéﬁae, zis 0, 1, 2, 3,
or 4. 28. The dew/cdelagimnigsdevice conprisinges epmpRsitiop coptprisirgglaf r om

phenyl ene, polyrséremality beRist 8hk YirgtRoRdHeat KRRHSIR h ice of
Clainms 27 OrFiéL?r ﬁhehr*gn_RS is selected from 10agﬁ§n§(ﬁgluf<%r|@qag’g}réoups,
phenyl akynyl 8 gv ea(?\&l acetate groups, arylcarbonyl groups, alkyl
groups having 1 Rftisiba skineer tifferentatsach peenybngs aHass selebidd frofhed pheny!

Oh st Phn of SR feBiialy bbb A B Renodoarfener arc <
bi aryl eh® group. R° is the same or different at each occurrence and is selected from
H, F, Cl, Br, hydroxyl, carboxyl, carbonyl, silyl, siloxyl, alkyl,
heteroalkyl, alkenyl, alkynyl, aryl, heteroaryl, alkylenearyl,
alkenylaryl, alkynylaryl, alkyleneheteroaryl, alkehylheteroaryl,
alkynylheteroaryl, ChHgFp, OChHaFp, CgHcFg, and OCgHcFg,
20 : or both of R together may constitute an arylene or
heteroarylene group;
a, b, ¢, and d are 0 or an integer such thata+b=2n+1, and ¢ +d
=5
n is an integer; and
25 zis 0 or an integer from 1 through 4.
28. An electronic device comprising a composition comprising a
polymer having at least one first monomeric unit having Formulae lli(b) to
[1I(d), in Figure 3, wherein:
R4 is the same or different at each occurrence and is selected from
30 alkylene, heteroalkylene, alkenylene, arylene, or heteroarylene;
RS is the same or different at each occurrence and is selected from
H, F, Cl, Br, hydroxyl, carboxyl, carbonyl, silyl, siloxyl, alkyl,
heteroalkyl, alkenyl, alkynyl, aryl, heteroaryl, alkylenearyl,
alkenylaryl, alkynylaryl, alkyleneheteroaryl, alkenylheteroaryl,
35 alkynylheteroaryl, ChHaFp, OChHaFp, CeHcFq, and OCgHGFy,
or both of RS together may constitute an arylene or
heteroarylene group;
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32. An electronic device conprising a material conprising a polymer having
at least one first nmononeric unit having Fornulae I(a) through I(c) in

Fi gure 1 wodoaoob¥sdst one second nononeric unit sel ect edCTfusoemsforonsi| ae
11(a) through 11(c) in Figure 2 and Fornulae 111(a) through 20 111(d) in
Figure 3, wherei @, b, Bodeiare 0 pnan integeh sbick thatAr+b san -be, shecsage or
different at each ogayirrence and is selected fromaryl and het eroaryl; Ar2
can be the same or different at each occurrence and is sel ected 25 from
aryl ene and het efbi§r8)] E#RGETR1 can be the same or different at each
occurrence and i x g€, qcbeQ fromH, alkyl, heteroal kyI aryl, heteroaryl,
aryl al kylLene, hetero &1 Il§hyl eéle CnHaFb, and C6HcFd, ; or adJ acent Rl
groups cdan be JOlH BFm 82 or 6-nenbered rings; 30 nis an i nteger; vy
is 0, 1, 2, or 3,Z|80,§,Q,3,’Lor12 3, or 4; and a, b, ¢, and d are 0 or an

[ = = 5: .35 4. 11(a)

|t eger such thabohenaliod o Al & fr 2o, SRt ERBL BT e ang
are sel ect @@eﬂybﬁﬁth@ylﬁalkﬂleneaalkylbnermldealbemw;he al kenyl, al kynyl,
aryl, heteroaryl goCnHad ey ,ngs%fgs wh re%:ﬁgogch;%eci%ﬂfpo 2004/ 006354

PCT/USZ 3/ 0216 3 "R4. 1s the sanme or different at ea @Mce and is
sel ect eg8fr(5’ HVﬁme@b{bgr%’@tsePB@'I’%?'M@W&QFC&I%QW@@W[&WO% or

het er oaryl eaeylcarbonbl groupandikgl goapé hQ(/mgnl tm&@@@)rglz?é%bﬁlgﬁ‘fm%f’bandzg :’Slo

d
gp a(r:1 |+nt eggpgp}'lc%evpg’h?%aﬁ‘tgg Rﬂef’)ﬁlpqrﬂlép%r@(ﬂdglbgf%‘é’ﬁ and sebstduted | east one
subst it uent pyriddgravpsmti c 10 group selected fromF, CnHaFb, OCnHaFb,

Qorcrd, and OCBHRId THACSAREMBR of kiR 37'6Po8N A o BideSnf B8 SaT™® OF

dlfferen at each occurren e an IS sele
1 together are a biarylene group.

32. An electronic device comprising a material comprising a
polymer having at least one first monomeric unit having Formulae I(a)
through I(c) in Figure 1 and at least one second monomeric unit selected
from Formulae li(a) through lI(c) in Figure 2 and Formulae lli(a) through
20 lli{d) in Figure 3, wherein:

in Formula I(a) through I(c):

Arl can be the same or different at each occurrence and is selected
from aryl and heteroaryl;

ArZ can be the same or different at each occurrence and is selected

25 from arylene and heteroarylene;

R1 can be the same or different at each occurrence and is selected
from H, alkyl, heteroalkyl, aryl, heteroaryl, arylalkylene,
heteroarylalkylene, C,HgFp, and CgHGFy.; or adjacent R1
groups can be joined to form 5- or 6-membered ringsi

30 nis an integer,;

yis0,1, 2,0r3;

zis 0,1, 2, 3, or 4; and

a, b, ¢, and d are 0 or an integer such that a+b = 2n + 1,andc +d
= 5:

35 in Formulae lI(a) through ll(c):

R2 and R3 are the same or different at each occurrence and are
selected from H, F, Cl, Br, alkyl, heteroalkyl, alkenyl, alkynyl,
aryl, heteroaryl, CHgFp, OCHgFp, CeHcFg, and OCgHcFg;
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al kyl ene, heteroal kyl ene, al kenyl ene, arylene, or heteroarylene; R5 is the

sane or different at each occurrence and is selected from 15 H F, d, Br,

hydr oxyl ,woankiogiss car bonyl, silyl, siloxyl, alkyl, hetreramskénglozicat kenyl ,

al kynyl , aryl, het/_{e_roaryl , al kyl enearyl, al kenylaryl, al kynylaryl,

al kyl enehet er oar ™ isdheaayne et differantiat eaahlogeytrbrte nadry beleGidafidm OCnHaFb,

C6HcFd, and OC6HcFd b St aryl ene or
Al Rhe Rplarclio g RS MAGnET A b hitsFadiehe)

20 heteroaryl ene group; a ( at atb =
2n + 1, and ¢ + @& P=Cganddiafe fpnian wirger sych thata+b=8an+21, a8l g+d 0, 1, 2,
or 3; and z is O or=&n integer from1 through 4. 33. An electronic device
conpri sigg a co ositi.op conprising a polyner having at |east one first
monomerit unit sel'B&A G99 m For mul ae IV(a) through 1V(e) in Figure 4. 30
34. An el ectroni ¢ idévorcE conprising a conposition conprising a polyner
havi ng at | east quofilro}tz.%aorreri c unit having Formula IV(f) in Figure 4.
35. A conposition conprisi'ng a polyner having at |east one first nononeric
unit havi ng For nli&01qan istegerdion A thraughe3;1, wherein: 35 Arl can be the
same or differentyjmt i I | I nd
Withtth83FBvies thEt RO s]?a?‘iieés? ong &Fbtsﬁﬂ.tenft BR@PZ%%%W%W 4 i s

erent _at each occur

heteroaryl; Art c n%efthe'_ﬁarﬁ_‘or |

sel ecte ngHHpaﬁ"’gF@ d M Fhétrndtadzbs P enblaFp7Cobaoand (828 Fq;

PCT/ US2003/ 021618 F&milaetih@)saoaghnli@)f f erent at each occurrence and is
selected from Hpgk r, hydrox car boxyl , carbonyl, silyl, siloxyl,
al kyl, heteroal kﬁ ,'sa{%gﬁ&ﬁ ora<¥ §,rﬁ>|;\¥at ﬁ?&?ﬁ‘ ,ocﬁlé'tr%'?‘i?a? ,'Sy%q'?&tpgrf@éﬁyl ,

al kenyl aryl, al kynyalsylgne, hetesdadodsre, alleanyene, airdeny) detetearirylened
al kynyl het er oar yR5 fraFum&GP pentglé%g;ﬁ,o&uﬂeﬁg%gﬁgﬂ%asgcgedo%h of R5

t oget hey_ may constitute an arylene o eroary OMc  and d
are 0 o an i nt egerfsfchl Bidydioryl=carhoxyl] carbeayk silyldsiloxyh alkyl,
heteroalkyl, alkenyl, alkynyl, aryl, heteroaryl, alkylenearyl,
alkenylaryl, alkynylaryl, alkyleneheteroaryl, alkenylheteroaryl,
alkynylheteroaryl, ChHgFp, OCHgFp, CgHcFy, and OCgHcF4y,
or both of RS together may constitute an arylene or

20 heteroarylene group;
a, b, ¢, and d are 0 or an integer such thata+b=2n+1,and ¢ +d
=5,
n is an integer;
Xis0,1,0r2;
25 yis0, 1, 2, or 3; and

zis 0 or an integer from 1 through 4.

33. An electronic device comprising a composition comprising a
polymer having at least one first monomeric unit selected from Formulae
IV(a) through IV(e) in Figure 4.

30 34. An electronic device comprising a composition comprising a
polymer having at least one first monomeric unit having Formula IV(f) in
Figure 4.

35. A composition comprising a polymer having at least one first
monomeric unit having Formula I(b) or i(c) in Figure 1, wherein:

35 Ar1 can be the same or different at each occurrence and is selected

from aryl and heteroaryl;
Ar2 can be the same or different at each occurrence and is selected
from arylene and heteroarylene;
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10 n is an integer (as above); y is O or an integer from1l through 3; z is
O or an integer from1 through 4; and wherein such polyner is not a
honopol yr&n.208@8106354conposi ti on conpri sing a pol ymer haviPag/iskoddsamsts one
first 15 nononeric unit having Fornmula 111(c) or 111(d) in Figure 3,
wherein: R4 is tRD sarie samdidrdifferent at eadcbcmmﬁdeeamlsamledztédﬁﬁirﬁd ed

arylencal kynytene.  Fs 5 £ e nadoBYE SAARE cotbdh Sy, ATBEU AU co. and i s
sel ected from 20 Hheteroakyl, akenyy akkyryl, ardanetergdryl, abylemearyl, si |yl ,
siloxyl, alkyl, heé%ﬁ ia'fyi'alrg\?}hs'@)/'alkﬁéﬁ%(ﬁa‘t% Iy'al'kehgl%%Fé}BéWI’

alkylene ryl, alken tero
al kenyl hgt eroaryl, a Gﬁ‘é@'é( bOGeHEF I, a@élﬁ&@ﬁHcﬁdd

OC6HcFd, or both obrBétht@rge@myetﬁ@ym@y@@hsﬁmt@aﬁ@rﬂéué@Fe or 25
heteroaryl ene group and d are 0 or an integer such that atb = 2n

+ 1, and c + d he%rtp@r’y(lﬁqe B Xxis 0, 1, or 2; 30y is O or an
integer from1 trad»ughaﬂd damemVrmmtegsnushclpdtatraa{b iinnoﬂ, andhorogol ymer .
37. A conposition co ri SI ng a polyner having at |east one first nononeric
unit having Formul a @g wherein: R4 is the sane or different at each
occurreh@e and i 9 isdre @ﬁrf(a@ﬁbom) al kyl ene, heteroal kyl ene, al kenyl ene,

aryl ene, heteroaryyg@@rgfﬁmt éHfﬁﬂﬁaﬂtlﬁy&yér?Qe R5 is the same or different
at each occurrence gnd is, ected from , Br, hydroxyl, carboxyl,

carbonyl, silyl, &5 UR5AN | ?Q&Hfmfﬁé Rh@%bﬂ/@@éssm PCT/ US2003/ 021613
het er oal kyI al kewhdrelrﬁéddmdlymarld notf'taelh@m@?blyylmeraI kyl enearyl,

acenylaryl 2! gy AlpcRl SRR B PR R SR Mt o
t oget hetd nayﬂ@mel‘ltt unié l’@Nlr@rch)rmtéa dit(chonBi(d) inafriglien, wherein: a, b, ¢, and d
are 0 or an intege¥ issHebdnidbr diiBrent 2R etich ocRlfeficd afld is selected from
alkylene, heteroalkylene, alkenylene, arylene, heteroarylene or
arylenealkynylene;
RS is the same or different at each occurrence and is selected from
20 H, F, CI, Br, hydroxyl, carboxyl, carbonyl, silyl, siloxyl, alkyl,
heteroalkyl, alkenyl, alkynyl, aryl, heteroaryl, alkylenearyl,
alkenylaryl, alkynylaryl, alkyleneheteroaryl, alkenylheteroaryl,
alkynylheteroaryl, ChHgFp, OChHgFp, CgHcFg, and OCgHcFg,
or both of R9 together may constitute an arylene or

25 heteroarylene group;
a, b, c,and d are 0 or an integer suchthata+b=2n+1,andc+d
=5,
nis an integer;
Xxis 0, 1, 0r2;
30 y is 0 or an integer from 1 through 3; and

wherein such polymer is not a homopolymer.
37. A composition comprising a polymer having at least one first
monomeric unit having Formula lll(b), wherein:
R4 is the same or different at each occurrence and is selected from
35 alkylene, heteroalkylene, alkenylene, arylene, heteroarylene or

arylenealkynylene;

RS s the same or different at each occurrence and is selected from
H, F, CI, Br, hydroxyl, carboxyl, carbonyl, silyl, siloxyl, alkyl,
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=5, nis aninteger; x is 0, 1, or 2; and 10 wherein such polyner is not a
honmopol ymer. 37. A device conprising a |ayer of material conprising the

pol ymer WO 20410635435, 36, or 37. 38. A device accordi ngCrasaaions1is8, 35,
36, and 37, wherein the device is alight-emtting diode, light-emtting
el ectrocheni cal cel hetegpalkyl, alkepioabyaykaerdr het@baryl, alkylenearyl,

alkenylaryl, alkynylaryl, alkyleneheteroaryl, alkenylheteroaryl,
alkynylheteroaryl, CnHaFp, OChH5Fp, CgHGFq, and OCgHcFy,
or both of R9 together may constitute an arylene or
5 heteroarylene group;
a, b,c,and d are 0 or an integer suchthata+tb=2n+1,andc+d
=5,
nis an integer;
xis 0,1, or2; and
10 wherein such polymer is not a homopolymer.
37. A device comprising a layer of material comprising the polymer
of Claims 35, 36, or 37.
38. A device according to Claims 18, 35, 36, and 37, wherein the
device is a light-emitting diode, light-emitting electrochemical cell, or a
15  photodetector.
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