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I nvention This invention relates to el ectroactive fluorene polyners having
per fl uoroal kyl groups, and to nethods ﬁ[régroduci ng such polyners. The

I nvention further relates to el ectroni ices in which includes such 10
pol yneric material s. ELBGEROMNGTANEJTLYUORENE RWMERSJ‘IAMING el ectronic

devices are pr@@muw@ﬂumf . PARING'EERNt - 1N
all such devi c€s, ‘ S yE WO
el ectrical contac : N tEievi ces

i ncl ude devi ces that em t Igmgmhpa@pl-pmmggmﬁomg di odes (LEDs) that
make up di spllg fJ LIEDs . at Teast one of the efectrical contact l|ayers
is Iight-tran#éﬁ-?—i—‘gé—@ée—'l—% li ght can pass through the electrical

contact |ayer. TheTImsgwérmoacrélat& tooglettreadtive fluodvie Fblym(&@ hat/f oot t
light-transm n.a icatjon of _electricity
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el ect r ol um neigeentiorctumben relatesdo eléctranit dedces mpwhiehtinclodés gich eni tti ng

di odes. %'O”plﬁolghgﬁe'n?atgﬂéﬁcm es such as anthracene, thiadiazole
derivatives counari n derivatives are known to show

el ect r ol uni neldesciipsiongfihe Related Mbs of | uni nescent 25 pol ymers have al so
been di scl osed. Tf@?g%dlé‘éie'éﬁ’énlcfdﬁvuﬁéaéﬁ;ﬁesé}ﬁ'M dlﬁE@%'kﬁﬂ% oft nyl ene)

and derivativ al yt hij %)henﬁ especjally hi ophenes); and

pol y( p- phenyl%ﬁ%&”'cﬁﬂﬂﬂ et Iniadisugh ¥|Cie§a?” \9&3’6‘1'* activg W?Dt§rene have

al so been di S@rm\ﬂd}ecabetweeld&\nﬁaét Iebﬁrl%aﬁcomﬁctllagbramtxa%&@@oga afn%é -ergg;ealnz
t 5N i v i.n ove i Ci
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e M e BRI |9féé'.yﬁ@m#é&>r@m.ﬁ@ﬁbbﬁ4ak i S BRSPS © T N9S-

I n one enbodi nen rises nmeric
units havi ng themigetiical qonmsmeirn Trhlegugemn; aofire fayer emits light through

the light-transmitting electrical contact layer upon application of electricity
20  across the electrical contact layers.

It is well known to use organic electroluminescent compounds as
the active component in light-emitting diodes. Simple organic molecules
such as anthracene, thiadiazole derivatives, and coumarin derivatives are
known to show electroluminescence. Several classes of luminescent

25 polymers have also been disclosed. These include, for example, poly(1,4-
phenylene vinylene) and derivatives; polythiophenes, especially, poly(3-
alkylthiophenes); and poly(p-phenylenes). Alkyl and dialkyl derivatives of
polyfluorene have also been disclosed, as in US Patents 5,708,130 and
5,900,327.

30 There is a continuing need for photoactive compounds having
improved efficiency and processes for preparing them.

SUMMARY OF THE INVENTION

The present invention is directed to polymers of fluorene and
fluorene derivatives, wherein the polymers have perfluoroalkyl

35 substituents on aromatic rings.

In one embodiment, the fluorene polymer comprises one or more
monomeric units having a Formula | shown in Figure 1, where:



WO 02/ 090416 PCT/US02/18399 R is a substituent on a carbon atomin an
aromatic ring, which can be the sane or different at each occurrence and is
sel ect ed wbroemvdayelr ogen, al kyl, aryl, heteroal kyl, heter o®Cyluso#1839CN,

-OR1, -CX2R1, -OwHOF),, -OOWHOFk, -SR1, -N(R1)2, -P(R1)2, 5 SOR1, -SO02R1,
-NO2, and beta-dic r.bon)éhs.havi nrg Formula XIl shown in Figure 12 and as
further described & BRUGRELENT OESGRIPAN Rfqm in Bp azematie ARIRVBICBRRAR t oget her

can forma 5- or 6- nbeﬂﬁéedrr;rfé ogdiffedne at ed%ri b_@dtsurﬁe/n?dt eofrhk i sel@dtil , an\cjlvh on
het eroaryl rings, 10 C : | sybsti nt._on etero e
can be t%e samg or Hlih E¥‘%ﬂagat5&&0%@&%?@%@%@‘%@5%' 'e'giF?f’]om

al kyl, aryl, heterodDQQR1aFﬁWhigFgr€Q€¥,H9FqneSR/1j-N(Rﬁ)zl,nﬂ(:l@é)z,bet vvegn 1 zzand
20, and Osand k are i el 5_ [ hOCh i ; 2, = 2yr
+ 1; (Equgtion Al); ETZGF?E(? _sztﬁfétliqtéé’eﬁdlgﬁga(ﬁggﬁ%g’gaﬁ%ﬁgﬁ%ﬂﬁaﬂIar omatic
ring, which can be BReWBimEigiredirand anfurther dgsaribrabelovnerdeind is
selected 20 from hytFereena Xal'ka . aryl, heteroal kyl, heteroaryl alnd
-Cy,HOFX, wth the provispo.that the fluore ol ymer_cont ai ns, at | east one
Rqs/ubstituent wi th t ALAEERHG o fher %ﬁ‘gﬁéfgﬁ 19" Bnembered g ove.  In
anot her enbodi nent, sélectddufoorercycloalkyeryl anpihete@oanl rihggst one first
nonomner i clounit havi n é:r? Hgf" al shown in Figure 1, and at |east 25 one
second nonomeric unigy mLeréin the at | east one second nononeric unit is
sel ected from (i) ar &ﬁsm@s@mtm\a hetereatom which caindventhersafgore 2,

1) 6-nenbered heterogy; \ | d ' Fi gure
6 (i11) 5 menbered: heturaenL ot factkbEebRficabrie b RaIched ionTARY A, 1
Figure 7; (iv) aronati d&iewaiey! aadiheterrantand v, shown in Figure 30 8, (V)

dival ent fused ring grig@htihfeger BeRfediYiand F00Md!Pand )tdhe Ai8fers~or mul a
VIT1l, sh \g/n in Figure .a&?qglgﬁrrrul.a [ X trllro_ugh Formula XlI, “shown in

9
Figure 107 and (vi) contii quatiph AddelWere: in each of Formul ae I,
e, 1V, v, vib Vil, VIll, and I X R Rl, R2, yi, 0 and A are as defined

abov_e in For mula I; 35 E can_ be_ %ﬁg sa pg_ di f f erent _at Iac )ccurrence
and is a single \b,%ml or a l'i nking &‘ro }5’ sel ected fré@m_ _ ‘and
het eroaryl ene; 2 (24 eopstitge MmN asamiarsa@n not in an aromatic ring, which
‘ can be the same or different at each occurrence and is selected
20 from hydrogen, alkyl, aryl, heteroalkyl, heteroaryl and -CWHng,
with the proviso that the fluorene polymer contains at least one R
substituent with the formula -C\yF2y+1. where y is as defined above.
In another embodiment, the fluorene polymer comprises at least
one first monomeric unit having Formula | shown in Figure 1, and at least
25  one second monomeric unit, wherein the at least one second monomeric
unit is selected from (i) aromatic groups having Formula Il shown in Figure
2, (ii) 6-membered heteroaromatic groups having Formula Ill, shown in
Figure 6; (iii) 5-membered heteroaromatic groups having Formula IV,
shown in Figure 7; (iv) aromatic groups having Formula V, shown in Figure
30 8, (v) divalent fused ring aromatic groups having Formula VI through
Formula Vi, shown in Figure 9, and Formula IX through Formula XI,
shown in Figure 10, and (vi) combinations thereof, where:
in each of Formulae Ii, lll, IV, V, VI, VI, VI, and IX:
R, R1, R2, y, 6 and A are as defined above in Formula |;
35 - E can be the same or different at each occurrence and is a single
bond or a linking group selected from arylene and
heteroarylene;




in Formula I'V: Ais independently at each occurrence Cor Nand y is 0 or
an integer selected from1l or 2, such that when both A are N, theny is
0; or whewomnmwfic A is N and one of Ais C then y is 1;, @ecTHSahessoboth A
are C, thenyis 2; Qis 0, S, S02, or NRL where: Rl is a substituent on a
het er oat om whi ch can. be the sanme or different at each occurrence and is
sel ected fromalk alV:het er oal kyl and heteroaryl; 10 in Formula V. QL

i s a carbonyl grouypis ifdefenddily AleadRbcobgehce Blod I aadSUBD bitarent on a
het er oat om whi ch can. be thelésfgrr(g or di f2f ere@&}azt each tRccurr nge and is
sel ected from al kyl , M&9A" selegled from @ 2, 7HC vhenpotn fsate Nsthen 1y or
het er oal kyl ; or bot hisd¥; o\Wtheredie of Ads N apd eseof A ior®: tkemgli®1pomd; in
Formula Vk:. the two,F: I .t 4-.4,1,5-, 1,8-, 2,3-, or 2, 6-
posi ti ons;5 in Fornmu aeallbl%méoglrlghée'etpégyé‘s g are inthe 1,4-, 1,5-, 1,8-,
2,3-, 2,6-, or 9, @JSQQ,SLS@QmQrNFRhwh@r&M aVill: afirst Eisinthe 1, 2
or 3 position, a secpidsk dubstifuehPBn® heterdiitod witieRichh®d thelsamgé Bl 2 | X 25
afirst Eis in the 2, dzﬁ or 4‘:§ao§{;t|on; a second s, Ln the 7, E? or 9
position; and in Fornul®4T8ent afgag O%r@é‘Pécf'\dr'érﬁeEm%bgm alkyl gyl aryl
het eroal kyl and het er odeyéroalkyl and Betsroanyl;i nteger from1l to 12; 30 with the
provi so tlpat t he fi [ olymer contains at | east one R substituent with
the formil'a - CWF2 ; *Wis as defined above. The invention is
further directed tQ i pcotmsy! grouppOsSaiSQOy driINRT eviereonl ymer s havi ng
per fl uoroal kyl groupgic S0 I I,ﬁﬁr@- | t one
nmononmeric unit havi ng g@%%}%g?%m éﬂldﬁﬂg\rfm%t?ﬁ ) i'gﬁrcga\lﬁ%rezs{ftnih%g?t he
pol ymer with a perfl uodiffgrept at earh eecugenceandds selected fam alkylaaryl,
perfluoroal kyl iodide apgeroaikyl andeefdroanpal kyl sul fonyl chloride in the
presence lgf a rut %r}ls w{(allkly] o(r:ﬁétaelrgaslkyk gr both of W together can represent
one single bond;
in Formula VI;
the two E's are in the 1,4-, 1,5-, 1,8-, 2,3, or 2,6- positions;
in Formula VII:
20 the two E’s are in the 1,4-, 1,5-, 1,8-, 2,3-, 2,6-, or 9,10- positions;
in Formula VIii:
a first E is in the 1, 2, or 3 position, a second Eisinthe 6,7, or 8
position;
in Formula IX:
25 a first E is in the 2, 3, or 4 position; a second E is in the 7, 8, or 9
position; and
in Formula XII:
R3'is selected from hydrogen, alkyl, aryl, heteroalkyl and heteroaryl,
d is 0 or an integer from 1 to 12;
30  with the proviso that the fluorene polymer contains at least one R
substituent with the formula -C,F2,,+1, where y is as defined above.
The invention is further directed to a process for preparing fluorene
polymers having perfluoroalkyl groups comprising:
forming a polymer having at least one monomeric unit having a
35 Formula | shown in Figure 1;
treating the polymer with a perfluoroalkylating reagent selected
from (i) a perfluoroalkyl iodide and (ii) a perfluoroalkyisulfonyl chioride in
the presence of a ruthenium(ll) catalyst.
3




WO 02/ 090416 PCT/ US02/ 18399 The invention is further directed to an
organi c el ectronic device having at |east one emtting |ayer conprising the
above perwbuweneslkyl ated fluorene polynmer. As used herei RCTIUSO2/1830M

"al kyl" is intended to nmean a group 5 derived froman aliphatic
hydr ocar bon, and ipcludes, linear, branched and cyclic groups, which may
be unsubstituted O-Ph%W@P#'?Gﬂ%ﬂﬂnhﬁﬁé"r?ﬁtreﬁﬁo'%‘e‘?@%@lQJ?‘F“‘OW%d?WP@nded to

nmean a group fiviny atlidasboheenditinghayerconprling tdoatoveayerfidoffalkykfteli one
het er oat om i W%ogg gﬁiﬁrr@hai n, which. group may be unsubstituted or
substi tut ed. ) ¥ ‘?ryl " is intended to 10 nean a group derived from an

aromat i ¢ hydr ocar bd® usetihereinpipetterm Ualkylb & intertded tormsamatgrouped. The term
"het 1" St | r L. ogroup
o o oar i~ SIS NG ARIRERoAUE 1 ek R ANERR

containing at least on ' _ : tuted or
substituted. SMedCOBRURS: ahichmay hesunsyhisiiided or substituted. grhaiterer i ved from

an aromal i ¢ dareakiPRs AL bmbdR PobSieRledtiohs BTRphatth ch ot oup may

be unsubstituted or K “sybstituted. The term "heteroary e' Is.intended to
nmean a group PeRIGoNAYINGAt I8RYHRNS Retgraip™aha ain CF@%W%_ het er oat om
and havi ng tvgrouponay be ainsabétitatetient substitutéd gThe Rerm@Yarpe i¢i Megdd tout ed or

bsti tut,ed. "adi to, " n,used to refer tg layers in a
ngiscle, uo@es Qggﬁﬁp&rﬁgggdsegggb?&%Qﬁ%rﬁ]ﬁ@‘i\xgrqc y qn'i%h'?'mﬁ?ﬁ ely next to
anot her | ayerunsubstituted ot bebstiated, THestephrheterdany]as eriendedytoomean‘a i sI used
t f t ; : : mul a
(o) °R gr o2t Hehel Hiim 3hrelio g aREonalitg of Badt G FbERbabff. (L 2
pol ymer" and WHIgRGgrewR may g Lasestituted s sebptiuiade Thedeemi"arenedds t o nean
It ended Lo Mo e B R e e
i ntended t.o nean f. ! ! :
term" phc}éoa@wméeqf@?@f%m%\wm%f ouUR n}afy;{e g&?ﬁtlﬁt'&teg or
el ect r ol um nesubstitdednThertephoheteromylene! ksyintehdedttemeareh g@éwp)déti\i'etﬁ:[' 20

f t terl i.bjts [ nj e n. property,

Cl cot ront 1 aniol ) amatélroBl Aablcbar et AR RO RE R i BT
phot osensi t i VAQifts oftadtachmant,nemongroup maytbe ursubséituted ar sebstituiedy uni tWihn a

I o | b} “ G ' ' ut, ere
Phe or oups. 1 o PhaRg BORGERFES HERBELER, ISt OBl dycyien dtag o1
( CRC HandRookNMecgesardy meamtabapeilaver isimediaielyingxt tooanather tager.

DESCRI PTI ON @ i oRAWENESHT ShtaSe agheus Rofeuls? i @ed t5o6mritaRL(a) for

' ' ' | in th .4
the first mngorgE;r)ls ?hatuar}clatne% Fof gach 8ther in érc]: Srrrlmtlclza??ormula (i.e., R groups

that are on atoms joined by a bond). The terms “fluorene polymer” and
“perfluoroalkylated fluorene polymer” are intended to mean both

25  homopolymers and copolymers. The term “base fluorene polymer”
intended to mean fluorene polymers without any perfluoroalky! groups.
The term “photoactive” refers to any material that exhibits
electroluminescence and/or photosensitivity. The term “electroactive”
refers to any material that exhibits hole transport/injection property,

30 electron transport/injection property, electroluminescence, and/or
photosensitivity. The term “monomeric unit” refers to a repeating unit in a
polymer. In addition, the IUPAC numbering system is used throughout,
where the groups from the Periodic Table are numbered from left to right
as 1-18 (CRC Handbook of Chemistry and Physics, 81" Edition, 2000).

35 DESCRIPTION OF THE DRAWINGS

Figure 1 shows Formula | and Formula I(a) for the first monomeric
unit useful in the invention.




WO 02/ 090416 PCT/US02/18399 Figure 2 shows Formula Il for the second
nmononmeric unit useful in the invention. Figure 3 shows Fornmulae 11(a)
t hrough 1WQjop/odamne a second nononeric unit useful in the iPOTArsO2/08399 5
Figure 4 shows Formul ae 11(k) through I11(s) for a second nononeric unit

ful in the i t I t h h for a
second mononer i ¢ HHE® SBPUE FamLF ok BReGANa FTgiirteRs URbREekbITl a1 1
and For mul ae thédgentionr ough 111(g) for a 10 second nononeric unit useful

e et on. g 8 shoRP Rl ok 8RS BTt hiphotirRLOn

I'V(h) for a second”nononeric uni &°8 " shows
Formul a V andntousafubie the dventipBugh V(e) for a second nononeric unit

usef ul i nsthe | Ve shawETFBHRIS HAHOEGH )78 YiscBBil FRiriathatke V1 (2

t hrough VI (d) fo e% second npnoneric 't u I'n the invention. Figure
10 shows Fordiﬂ"auﬁﬁ vl igdbe imyeRties: vi | (a) for a second nononeric unit

useful in the lnvemgumﬁ sﬁboyr%rﬁqu@mﬁthwgrmn@?faﬂdéeédﬁdomahoﬁ@er‘cor a

second nonone usef.ul in the invention. Figure 12 shows Formul a
Xl for a sub fﬁéH m%? INVeOUQBnd  nonomeric unit useful in the invention.
Figure 13 is a scHdgate @ sHowgfanmofa Binared Eommualaed!@d throeghiify) ¢ema

' rape t ql ymer of the invention. 25
IDE'(I:',CA)\Ir EEDqBESC%% Bi??&t{f’ @“?ﬁ@ﬁ@&éﬂ&kﬁmﬁnﬁ?ﬁ S The fluorene pol yners of
the invention contfigwreat shewstosmala M ard Enemulaedl (athtotgh I (lohfior a( For mul a
1) and may copicahg rﬁémhen@nﬁ@seﬁn PMeTRUftig ts (Formulae 11, 111, 1V,

V, VI, VII, VIII wherein_at | east one of the aromatlc

)
rings in t he pol yr#égu"ess §EB‘Q’§|F‘L°LW€!P Vandfermuiae Vé%)smrQHQiﬂ Y@ feuadr oal kyl
group. First ddenndenosorhBrié uﬁhosbﬂﬁen fhelavéitorpol ymers have at |east a

fi i = 1. I
ol yrer s 18an be ddpdieBapans Forfs and Fahular Al bR B ar B havi ng
Formul a |. 3%€etoadpmei@anmerd uRit gsefubin theanedition. groups having 1 to 30 carbon

at o, het er oal ko gBiOHPS R Fifdr01 SRR IO ) 838864 " ¢

heteroatoms of S roups aV| ng on atons
(aIternatlvelrpon‘?méﬂﬁ@nﬂdlsfgll(ﬂh?hﬁjlﬁvalﬂfdﬂfm and heteroaryl groups having

Figure 11 shows Formulae Vil through XI for a second monomeric
20  unit useful in the invention.
Figure 12 shows Formula Xl for a substituent for a second
monomeric unit useful in the invention.
Figure 13 is a schematic diagram of an electronic device that can
incorporate the perfluoroalkylated fluorene polymer of the invention.
25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The fluorene polymers of the invention contain at least one
fluorene-based monomeric unit (Formula 1) and may contain other
aromatic monomeric units (Formulae Il, lll, IV, V, VI, VII, VIII, IX, X, and
Xl), wherein at least one of the aromatic rings in the polymer is substituted
30 with at least one perfluoroalkyl group.
First Monomeric Unit
The base fluorene polymers have at least a first monomeric unit
having a Formula | shown in Figure 1. The fluorene polymers can be
copolymers of two or more different monomeric units having Formula 1.
35 The preferred R groups are alkyl groups having 1 to 30 carbon atoms,
heteroalkyl groups having 1-30 carbon atoms and one or more
heteroatoms of S, N, or O, aryl groups having from 6 to 20 carbon atoms
(alternatively, from 6 to 18 carbon atoms), and heteroaryl groups having
5

,.)




5 WO 02/ 090416 PCT/US02/18399 from2 to 20 carbon atons (alternatively,

from2 to 18 carbon atons) and one or nore heteroatons of S, N, or O.

Exanpl es wh obisabdl e R groups include n- and iso-butyl, pemuysoyi83ot h

| i near and branched, hexyls, octyls, including 2-ethyl hexyl, up through
' t olefinic unsaturation; phenyl,

h d | d i th d>5 th

tﬁ?gpﬁgﬁe,s 23%’32&\622,0 é\gl“ %qomar{\gh%wg\ﬁ&ﬂu, @%%t%?%ﬁﬁ@olnhﬁp@sbﬁéﬁerred R
F oS, 0 L e egrantvd o O enpeny it el

, - C, Zal koxy . rnati,v , .

al koxy), phé{é@@ga‘%&?ﬁ%@w p?’ﬁ%ﬁe&%ﬁt'ﬁ"@@f 9'?8 €,¥a'{§ga_ﬁ"3& VB or o6
t hr ougth12 dhelyting rathyy hewy!, oy through berRadéayis gdd oge,cwlm; aaaéeh:l/ikﬁlg
roups havi ngyifiRirbidii . :

?r orrip- 30 \éar g"(’)‘ﬁlﬁ ato@ﬁéﬁgngﬁg%@n’ %?@h@?&%g OEr;r%'%g%x}g,’ gﬁw@r 0. Mre
preferred R2 RileHOx¥ andcyaapareees. Moseprefasad Rograupsqigthe@ienyl iygs

(al ternati velgfthé FingRneGRohbievBunte M kYL aIkBSE)g(ahY ,€8 through CI12
.0 15 alkyls).” An exanple of a

| kyl | t t b Co6 t h
gui %/agl (eaf i rer§BF1 | g%?'he%ﬁfegﬂ@g%%%%w W@”Qvaa%y eflffl a 1 (a). Second
Mononeri c Uni(altd;n(r)naﬁaelv, Of trﬁ?ugmlba;ellfyllor Gélthroligh CY, an(YI,), bﬂényfl ¥t tyanand | X
wh | roups.,are selected. .fram
et er oar flancs, -t HaRaTRe Rearaya A ARYErBHES akhedfars ad 3P BN oups
havi ng For nulademxiand aeteroatkyl groapa hawingi foam ¢-302carbbe aéoms anfaneudra )2(| I1: R
i d i grYate} f el Y | 5
![ f]r gzgheiﬂ | E}?@rl S aége{t\%?gqﬁﬁé\? oriJ(?]. M&r%uplr%fegie g:R R?ra°>10c§’ sé%rsg Ie;ésté({j:lescr I bed
above for eadtrofinear Gqthreugh Qsyalkyls (siternatively, lingar Gihmugh G alkyisd 30 E1

is a single kb I | yt n
ar omat i cggro%ygé\?inﬁg@? %tﬁrgup chE?L@ﬁ%@rﬁ%%Btindg%F%ﬁﬁn&@ﬁ |@‘.° The R
p

gr oups ar ably selected from 35 hydrogen; alkyl; aryl;
An example of a suitable first monomeric unit is shown in Figure 1

as Formula I(a).
Second Monomeric Unit
In each of Formulae i, Iil, IV, V, VI, VII, VIII, and IX, where any one
20 or more of E linking groups are selected from heteroarylenes, then the
hetereoarylenes can be selected from groups having Formulae XlIl and
XiV shown in Figure 12, where:
in Formula XIII:
R is as described above for each of |, II, 1I1, IV, V, VI, VII, VI
25 through XI; |
E'is a single bond;
in Formula XIV:
R and Q are as described above for each of I, II, lli, IV, V, VI,
VII, VIl through XI; and
30 E'is a single bond .
Formula Il
The second monomeric unit can be an aromatic group having the
structure shown in Figure 2, Formula Il. The R groups are preferably
selected from:
35 hydrogen;
alkyl,
aryl;
heteroalkyl;




het er oal kyl ; 6 WD 02/090416 PCT/ US02/ 18399 heteroaryl; F, -CN, -NO2; 5 a
bet a- di car bonyl having Forrmula Xl shown in Figure 12 and as further
descri bedwelmemeq416 CWHOFX; - OCCWHOFK; and -P(R1)2, -SOR1, PORAS02/GOIR1,
-SR1, -N(R1)2, and -SO02R1, 10 where Rl is a straight chain or branched

al kyl of from1l tog 20 carbons or a straight chain or branched heteroal kyl ;
or adjacent R groﬁ'ffée'f ther can forma 5- or 6-nenbered ring sel ected
fromcycl oal kyl rimgs, aryl rings and heteroaryl rings. Alternatively, the
R groups in Formul ;N are selected from 15 alkyl groups having from1l to
12 carbon atons; partially or fully fluorinated al kyl groups having from1
to 12 carbon atorrNOzespem ally CF3; aryl groups having from6 to 20 carbon

at ons; hekeroaryl stituted
20w th 005, o 1 erTcaREnthavil b SRR BIGUE 2T L
esters having frorfHgh ?bdqs&"%’&ﬂtﬂmmtorrs Exanpl es of suitable second
nononmeric units w- rmla Il are shown in Figures 3 through 5 as

Fonul ae 11(a) throg%gW z)é i/]\/nere: 25 in Fornmulae 11(v) throu hg 11(y): R
Is as described ab of Formulae I, I, I, 1V, V, VI, VI,

?J/I I Ej_hrough XI6. 3F9(mu -SDIR1 AORET rROLR| ys;tqﬂmN (RIg9 rpﬂqdrm@fet]. c ;Jnl ttcan
e a divahent roar | C u avl e structure
shown i nqbi gure SNW%%FS r?%hg?lif rl!?ht?rdo%%@ cgrf 938 en, C,
t hrough C12 al kyl cagbmﬁperaatratghhahalme:lrwar@hetdinetegfall@ﬂ el kyl groups or
C6-C12 al kyl

al Ky :%Eégf)R goﬁl% q’é@elﬂé%aﬂ?&%ﬁﬁ 3ng. rg’g G%pe&]gﬁglsg% groups

Exanpl es of su groups I ncl ude and
bi pyri di nedi yTorp cyelpaltybrngs f)nQSB(Ei#ﬁﬁ grpagyl rma abl e second rmnonerl c

uni ts having For mA|gerhatively, the R groups in Formula Il are selected from:
15 alkyl groups having from 1 to 12 carbon atoms;
partially or fully fluorinated alky! groups having from 1 to 12 carbon
atoms, especially CF3;
aryl groups having from 6 to 20 carbon atoms;
heteroaryl groups having from 4 to 20 carbon atoms and substituted
20 withO, S, orN;
alkoxy groups having from 1 to 12 carbon atoms; and
esters having from 3 to 15 carbon atoms.
Examples of suitable second monomeric units with Formula Il are
shown in Figures 3 through 5 as Fomulae li(a) through II( ), where:

25 in Formulae ll(v) through Ili(y):
R is as described above for each of Formulae |, i1, 1, IV, V, VI, VII,
VIl through XI.
Formula (il

Alternatively, the second monomeric unit can be a divalent 6-

30  membered-ring heteroaromatic group having the structure shown in Figure
6, Formula lil. Preferred R groups are hydrogen, C, through C,, alkyl
groups (alternatively, C, through C; alkyl groups or Cg-Cj2 alkyl groups),
Ce-C20 aryl groups, and C;-Cyo heteroaryl groups. Examples of suitable E
linking groups include pyridinediyl (-CsH4N-) and bipyridinediyl (-CsH4N-

35 CsHaN-).

Examples of suitable second monomeric units having Formula Il
are shown in Figure 6 as Fomulae IlI(a) through 11i(g).



are shown in Figure 6 as Fonul ae 111(a) through 111(g). 7 WD 02/ 090416

PCT/ US02/ 18399 Formula IV: Alternatively, the second nononeric unit can be
a 5- mrenbewedz/opi4ng het er oaromati ¢ group havi ng t he struct ®ca/sh2Tg399 n
Figure 7, Formula 1V. Preferred R groups are hydrogen, C througﬂ Cth oo
al kyl groups 5 (alternatively, C, through C6 al kyl groups or C6 throug

al kgl grouBS)F_&!MQ.@iO aryl groups (alternatively, C6 though Cl10 aryl
groups), and C2- Qﬂltematleénpamlse@bﬁumor(@hér%nﬁn cHf bk a SonéhBEasy-C10

het I efer

oui tabre & 11T RereriBhRatkidtoiin BBViboRe ke enRaRFo R FerdpRenedi yi
(- 4AH3S-) . 10VExRreferead & groups @iné bydmgend Crdhmughi €,, aikyt grovipsh Fornmul a |V
ey RIS Aangafel, & tHBLM GBI YoMuls WOl bdon g ARG dipubR, O™ 7
VIT, VI tHeobghand groims (@emativelynGy thaughtS » ard greups)samd CotGuont gn a
het t | and is
net e oatom m&?ﬂ oupS fulRT BN é‘? OGPl oA PRabYY FiORE, 2

Al ternativel P h’é’ é'é( 12n%fr¥ SRAUPE- atm@ﬁﬁof)%‘“éﬁp %Ed!?é‘ﬂWQ:QWFSng the
structure shamﬁlude Wr@t&d&yIQTCMINl)Jhﬁd‘thlo?’Hmdal (CYPRSY. e preferabl y

hyd .t alternative

g?ongegr Co6 thigﬁ%%%sgqf%ﬁa@ (%%85‘ rr&no&glcayvksygpla Fr%m(.x% Rﬁ?rﬁat [ veI y,
C6 t hrough Cishawryin flggutepd s Famhutzs B4a) theoegho B/ (|), whereps (al t er nati vel y,
C6 25 through C Ojheip Wa9roups). Preferably the two Wrepresent one
single bond. Exang\‘e?&%m(rgabl e second nononeric units of this type are
those having t he RBi$ agdgserikad abovafoseach &f Formulagh, HolimV.aV \WleVIlwher e: in
For nul ae V(a) V(b): ¥ MrdsariRi %gcrl bed above for each of Fornulae I, II,
1] VLI, VIII;EEOUQ XI.; and In Formula V(e): RL is a
substltuelxt on a ich can be the sane or different at each
occurrence and is Ré@afsedstﬁtuem@d\&ﬁetel@étdm wredretambis\the sdémeadd

heteroaryl. Formul aedMerérWaque%%h%écurrence and is selected from alkyl, aryl,
heteroalkyl and heteroaryl.
Formula V:
20 Alternatively the second monomeric unit can be an aromatic having

the structure shown in Figure 8, Formula V. The R groups are preferably
hydrogen, C, through C,, alkyl groups (alternatively, C, through C; alkyl
groups or Cg through C+, alkyl groups), Cs-Cyo aryl groups (alternatively,
C, through C,, aryl groups), and C,-Cyo heteroaryl groups (alternatively, C
25  through C,, heteroaryl groups). Preferably the two W represent one single
bond.
Examples of suitable second monomeric units of this type are those
having the structure of Formulae V(a) through Formula V(e) where:
in Formulae V(a), V(b):
30 R is as described above for each of Formulae |, 11, IlI, IV, V, VI, VII,
VIl through XI.; and
In Formula V(e):
R1is a substituent on a heteroatom which can be the same or
different at each occurrence and is selected from alkyl, aryl, heteroalkyl
35 and heteroaryl.
Formulae VI through XI:
Alternatively the second monomeric unit can be a divalent fused
ring aromatic group having the structure shown in Figure 9, Formulae VI
8




Alternatively the second nmononeric unit can be a divalent fused ring
aromati c group having the structure shown in Figure 9, Formulae VI 8 WD
02/ 090416wB@2/WBOR/ 18399 through VIII, and Fi gure 10, Fomramhse2/1849¢ hr ough
XI. The R groups are preferably hydrogen C, through C2o0 al kyl groups

| t t I Co6 Kk sorCGthrouhClZaIkI
é?ougg)na Iveé}é %yn(g 89?,9”&@ Féémg%?uﬁ% diedg&w@? are >Iéorrrul a
VI, the E s asrefgrabfyenyaibbyen, nCt fhﬁodghﬂCm a’lksﬂg;rotlpsﬁfaltei'-’na'irvelyOIC1 tr?rlzznﬁgh 2V
osi ti ons. a S Nnomer its in rnu a
gre shown |E>%n%h§legr§['p§ #ﬁ?% “95?2 a!lﬁg(?g[%ps&, ?‘H?’z" Y &f&“ﬁgla t he
E's are pref &abbyhéterodryl grogps. 1,5-, 1,8-, 2,3-, 2,6-, or 9, 10-

it A I ty 1 avj.n
Por il a Vi1 1s. s S VE the s S 5eAudolp R4, e édg%?yvr‘#érg of the
i nvention, tHeBRPsIHARS Exéme%@ftsuaabge sfcgad mwmmgn@uﬂltsmawng pol yreri c
backbone. ThLFsorn’imSVfI'aPélhhé\ﬁh%Figmegf Rdthuiae Vi(ﬁ)’ﬂﬁoﬁ@?% take into

t th | e these si ai pr o e of the final
s Mrote o dRETRAS THC IR e brbloraty Vg bert fed 's§13ubi ity
properties, [ 6¢eas%d, 10 pdsjtiqusopear Emelefmﬂ arsfitabie secorml‘ nmbtﬁem,umt) enhance
or to redyce | n r 0 ity in organic
sol vent sqlf5 dﬁigg@hmaa\?‘ %%%MP i F' E@%ﬁrmﬁ%w@) pol ymers, to induce
hi gh di el ect r| c cdnéhaﬁopekynms pf)th@dnvemtmn dms R groupeahapssentiatly sidebi [ ity,
etc. In addi tdnihs mgfﬁ\fﬁy@gﬁgﬁggbﬁ@ ﬁg,ssg{ésmé fe%tlo toﬁHé:Reffects of

such substituents shou e ec lon. In the
f1 uorene pol yHEHPSENPWE taks bie AsRoUMIhe r@'ﬁéhe%éldéff?h@ﬂts may edainbBonrer i ¢

units can be p?bpéﬂiléfs mm@fmaqoawrhéﬁ maermbp@mu@Iuﬁclu&'éelecfreh@t've mol ar

f f 25
ni t(s) dan BEOPFRieeou BB PioHeAiesoBEES58PY OB ResoR B TomaNder nat | vl y

99:1 to 20: 8(propediebytd dreraraketarto addwed int8hdintintebditio, tolmguceol ecul ar
ht n o
vl 9Nt Can VAL SRR SRS TR cbReRR T ISR IR gl e
pol ymer can ms)yraacsom nduceriiglodiedetiric esnstantgp as ta splvateniens, tahi ch ?0
| ud but t t f o] ng copol yners
i ncl ude, bu ke ionit S ity Gtc. lﬁ'&éﬁﬁbﬁ ALK RO GIAH

and bl ock co mer s Ion contain at
| east onelR %@&Htut%éﬁerma%%o{ ﬁléch éﬁ‘hﬂltﬁeﬂté:lsmb begensidgiediis an i nt eger
from1- 20, pudkafRbtYelbeign. 35 The perfluoroal kyl group is a substitutuent

on an aromatic ri qﬁ'thgrﬁﬁorene polymer of the invention, more than one of the
second monomeric units can be present with the first monomeric unit. The
relative molar proportion of first monomeric unit to the at least one second

25  monomeric unit(s) can be from 99.9:0.1 to 1:99 or 99.5:0.5 to 10:90;
alternatively 99:1 to 20:80, and further alternatively 99:1 to 50:50. The
molecular weight can vary from several thousands up to several hundreds
of thousands. The incorporation of the monomers in the formation of the
polymer can be random or controlled, resulting in copolymers which

30  include, but are not limited to, random copolymer, alternating copolymers
and block copolymers.

The fluorene polymers of the invention contain at least one R
substituent having the formula -C,F2,,+1, where y is an integer from 1-
20, preferably 1-12.

35  The perfluoroalkyl group is a substitutuent on an aromatic ring. The
proportion of monomeric units having perfluoroalkyl substitution is
generally in the range of from 5 to 100 molar percent; preferably from 10
to 50 molar percent.



proportion of nononeric units having perfluoroal kyl substitution is
generally in the range of from5 to 100 nolar percent; preferably from 10
to 50 nolwo opesment. 9 WO 02/ 090416 PCT/ US02/ 18399 Pr oce®STAIS02/18399
per fluoroal kyl ated fl uorene polyners of the invention can be prepared by
first form ngiE Eerfl uor oal kyl ated nononers, and then polynerizing to form
t he pol yner. r, such an approach requires a 5 separate synthesis for

each nonomer, whi C1FheCpérflbcmzlsllty‘latedlfIMoréne pdil?itnlé% of m@hﬁd?rnt&m%aﬁ b&he pr tesent
n ntion, [ e I Qcess e preparatl on
Iofv|te)er:‘l uorogﬁé&?éﬁ e@ ﬁrlstqu! g%”@ﬂg?aﬁy tgﬂﬂpgrgqrﬁarsf, |a|ng r&epalrol ng t he
base fl uor engqhghgrizing to forth theepolyment Hogevehesuoham auprpaeh sequiites aﬁ
terial . | e
aromat i ¢ ??ﬁ%?gﬁrﬁ% syRe3fq o Bech BorRifion WY be UG h atifer 02
f1 uorene pol ﬁmo meny ef men&jevw&m deres prgmdem éénW@d(ﬁrﬁS%Wﬁt hetlc

routes. In tﬁﬁoéééﬁor%b@ak&t on&Ht 1uor%§l éﬂﬂﬁﬁgﬁo ne'bolpiBrPt 0, Progress

in Polyner Science, Vi e di referably dibrono,

derivatives &PWN@'&%PWBHWF'@]}Eﬁ ghue dne-peNmeR @nchendaaaet i
anount of a ztlaebaaémlymérs%ifﬂ a ¢edtergnshpable6f idfroducing the perfluoroalkyl

b I k d hod d di
Coi on et 141, SEUAMIEHE BHaiftg dho §£P@f¢&°°%§%¥‘ A " Polyirer chem stry
Edition, Vol. 28, The mﬂVm(emzaﬁI)n tat foemdhablase dieorerst polgmenican gemenallyorrer i ¢
units are re%“eté‘é? ik ot B?ttr?rle)étkrfbmﬁ'{w}t\éud)rfou%s('Ih)tha(?lr%t%gﬂ%ars in the

presence of st0|c I onmet r educi ng the
di val ent ni ckeethpdnas Qeﬁ@ritlﬁﬂallneﬂmﬂﬁ@lkblPfOS(ﬁSlSdePé)nyﬁﬁt Seieare, Yokl ude zinc,

magnesi um calzcipumssn QbQéhhé'@hhdl@ ﬁrbféréblyrdibrommtd@ﬁvaﬁvé%hﬁé as
descri be |n US Pat en

[icati
00/ 5356519 dnoRgBedeMn ?reveea&%é%wﬁ @oﬁewbrqre fiAmou ol ar%%@\’ge"w th a
derivative ofmickedtbrpoumdoseati as bis{t,5kuyeloogtadiene)aiekei(OF Ithhetsesons@I ect ed

serovatent. A A Bapbibh GaBh e, FlndRoaRiins: SeiniRoBhfivhe) pa.
This third rdaymenchemistrykdediiomdéoli 28,. m1ﬁﬁa)séherﬂmalmdemﬂtmelsrcg a phase
transfer cat %éﬁr\oncﬁﬁe uﬁl%?%eeﬂégefr?pﬁm Eaféﬁytfc%nb%@%'mggct he pol ymer can

be react ed an en to con the r tive end group
to a non20r e £OMRAL ﬁdnﬁﬁ%gfﬁseﬂﬁ@%ﬁ@'%%BH@ avapoisaf @ matasigdral |y added

to a prefor r&@all@i dﬂf@ﬂu@iﬁ? tR@dfvaldift mmdeyrmrmZﬁrbMeﬁméﬁélorSuut’éBfé end-
cappl ng Conpougtenaﬁs iHclude 2|A n‘%‘angnaers?unnﬁlt cI:a cuum néjpt?nurﬁw eath?rldng ©
synthetic method, as described in US Patent 5,962,631, and published
PCT application WO 00/53565, a dihalo derivative of one monomeric unit
25 s reacted with a derivative of another monomeric unit having two reactive
groups selected from boronic acid, boronic acid esters, and boranes, in
the presence of a zerovalent palladium catalyst, such as
tetrakis(triphenylphosphine)Pd. This third reaction can take place in a
two-phase medium requiring a phase transfer catalyst.
30 In some embodiments of the invention, the polymer can be reacted
with an end-capping compound to convert the reactive end group to a non-
reactive end group. The end-capping compound is generally added to a
preformed polymer and ends the polymerization reaction. The end-
capping compound is generally an aromatic compound having a single
35 reactive group, such as an aromatic ring having a single halide group or
boronic acid or ester group. Examples of suitable end-capping
compounds include 9-bromoanthracene, 4-bromo-1,2-dimethoxybenzene,
1-bromopyrene, iodobenzene, bromobenzene, 2-bromo-9-fluorenone,
10



35 reactive group, such as an aromatic ring having a single halide group or
boronic acid or ester group. Exanples of suitable end-capping conpounds

i ncl ude 9wbroewwamd hr ace ne, 4-brono-1, 2-di net hoxybenzene, PCTASODIGPRY T ene,

| odobenzene, bronobenzene, 2-brono-9-fluorenone, 10 WO 02/090416

PCT/ US02/ 18399 benzeneboroni c aci d, and 4-nmet hyl benzeneboronjc acid. The
end- cappi ng Erﬁﬂpnéﬁ §‘€ig enﬁésmamwemea%ommql@nahﬁ%n -such as

charge tr ansqaplplngogm@rprmay?&ls@'lﬁb desighes ko htld fﬂ@hcti'ohanﬁr)’s@d:ﬁﬁs ahhret

oact ed wi  n Censgry e o o gE o meS R el R o~ T 1S

per f | uor oal kyagdregatim.and (ii) a perfluoroal kyl sul fonyl chloride in the
preesence f a1 ut e bbb Iu6RA KSUmePH fofeh, P fdaipioplry) | odi des

i ncl ude those having from

whi ch may be nqrﬂwpa"wlaélﬁsrf@ag@at Bjegted fronwa)@ méfﬂuqrg@lkmlapwﬁe artsbtiu&ies are
conmmer ci al |y pyéifluakdfkylsdifteRbchianddm twesébrcéﬂs%én'ﬁﬂemn&ggt hetic

techni ques. Sultabl e perfluoroal kyl sul fonyl chlorides inclu t hose havi ng
from1l to 2¢ aé%h’ on atonms, preferably 1 to 12, which nay be |inear,

branched or 15 c)\Suitable mmomkylmm@é Imclwd ﬁh@@dlhavmlgcfrmﬁasmam

Cechni qudd. ” <HE B areterny 1 B A TOL Frebiheogan PRORY Brawels 1 ¢
conpl exes wi tNMamy garfhl@rcmllwl iedidehaspbomeerciaipavaitddly. Otherstoamybephosphi ne,

car bon nonoxi and 20 hydride. A preferred
catal yst is cﬁgﬁ Byot (i S(tri pr}gn?/ﬁ@t]ég:i]'{)‘ ne) rut heni u

y
rut heni un(11) cat ajujtabie pgrfﬂ@ommldfcmwl ghlarides isiusle "tﬁmerf@vmrfmm rade by
vel | - known sygbeddron beshgl ;S’réﬁé’?ab?ﬁ @ ﬁ?'vﬂﬁ@ﬁ’ mdy bé ﬁﬁeé‘rXEFﬂﬂc?\ed'}‘)r

K at a T Fu em °“Soc In [rans 1,
1(‘39”8“9g 159 @13?%'@? PP'E'HPB%FI"RJ?@ qrtyﬂcfa'eaem 8re F%’"ﬁ@ﬁ@?gy pyailalle.i ed out in
a sol vent V\/fﬁ)thbrsﬁoaxs bemhadeéaslt/ve\l%ltrfmwmmﬁétfd t&hﬁ@ubﬁ' ating reagent, and

[ | | | ubl Ex I
of sui tabl e sof venv LR BRI calsfy e At PE M A BB S o as
chl or obenzen@omuléxes yiie ligards sucmas phpsphines esspacillyequi red, then 30

hi gher - boi | i pg, W&%s’bhﬂ'{ee c‘éﬁﬁg! mBhS%(lﬁ‘éaE%dlé?%ééleﬂSn@rﬁl@{ 4§ & ried out in

an inert atnosphe suc tenperatur'e generally is
from abodf 1(50@”@@ Pepieferredcatélistison time can vary from about one hour to

three days. TihiéaedtripheRyPHESHhiRBTHURRNIGALIBL MRANYTLIHENIRPAMY catalysts
are commercially available. Others can be made by well-known synthetic
techniques, as disclosed in, for example, N. Kamigata, T. Fukushima and
M. Yoshida, J. Chem. Soc. Perkin Trans., 1, 1989, 1559.

25 The perfluoroalkylation reaction is generally carried out in a
solvent which does not react with the perfluoroalkylating reagent, and in
which the base fluorene polymer is at least partially soluble. Examples of
suitable solvents include electron deficient aromatics, such as
chlorobenzenes. If higher reaction temperatures are required, then

30 higher-boiling solvents are used. The reaction is generally carried out in
an inert atmosphere, such as under nitrogen. The temperature generally
is from about 100°C to 250°C. The reaction time can vary from about one
hour to three days. The reaction product can be isolated using known
techniques, such as extraction or precipitation with a second solvent, and

35 drying.

The resulting product will have perfluoroalkyl groups substituted on
at least some of the aromatic rings in the polymer. The number of
perfluoroalky! substituents per polymer and their placement, i.e., which

11



techni ques, such as extraction or precipitation with a second sol vent, and
35 drying. The resulting product wll have perfluoroal kyl groups
substi t utwao oemodad | east sone of the aromatic rings in thecpalsymes399 The
nunber of perfl uoroal kyl substituents per polyner and their pI acenent,
i.e., which 11 WD 02/090416 P 8399 aromat I C, oup

substit ut ed, HPEG gcgﬂugshgre(:%g; nden {heggh Q’H'@ g ?fcthﬁnits
whi ch make upmbh@'npabyumﬂis wl'&rematkeeu‘pfmetmlyméi Sterie effexts will. be a

Per f | uor oal k)fcli@tto' on of fluorene polyners and copol yners affects the 5
el ectronic properties of the polyners. The perfluoroal kyl ated fl uorene
pol ymers are nor e Rerfuercatkytatfancefdivorenripolymers and copolymereaffests thii s

| ncr eases st hes|gdtRsié Fbpfé?ﬁ@é'éﬂh\é'ﬁdh{rﬁérst hﬁ@ﬁé%ﬁﬁféalﬁ\f]ﬁte%ﬁ}dré@ tes

el ectron injection/ ?rans ort uor oa tiron w al so ect ot her

pol ymer  pr o¥¥Mes ar§dﬁﬁrea§e§t5P@5’?f'?'?9ta’Eﬁ aue kyan LYMO lgnalst Hihisror phol ogy

?f 10 pfjl y {Termérlengs thééle@trm@bﬁdﬂmttyebffﬁ@pelwfeemanurfa@trfatémlalébﬁ@n rel ates

o an el ectraonic.device sin ne ctive |ayer

posi ti oned bdPIREHN r\ﬂBSp(erEEFdL@é?gE@ fior f Brasf'%cgﬂ@‘reépﬂ YR®M east one of

t he el ect r oaqiroperticaysuch ad sdlubtlibe pdmesseblht)claudabeMprokmgwaer of the

i nventi o Aﬁ}@gﬂm"mé Figure 13, a typical device 100 has an anode | ayer
at e

110 and a ¢ | ayer 150 and electroactive |ayers 120, 130 and
optional |y 14zleelfoniedlevice= anode 110 and cat hode 150. Adjacent to the
anode is a hol e 'Wr%:bﬂe%f\ltlh@@ﬁﬂ?cﬂfélsb%%ies%2291et%@tr@ﬁl%rﬁe\}ié'éthe cat hode is
an optional |a 140 nprisin 20 electron transport nmaterial. Between

t he hol e inj Rﬂ?/"?g %'@Béﬁ“@”q’a %ﬁoaﬁﬁ‘(ﬁ laygepesitioned ReegmHWQt i onal

el ectron trarés@ancaumdt Iayiaré hﬁh@r*éﬂ‘t Qﬁl@bbt\/@ne t)ﬁm%;etlé&%ac'ﬁbté lifyé?eloyrrers of
ectL| on or

th b 120
and or 1 151 hanB ABYERARGHER teonRiamanah e YR cgn A SaM O3,
i nj ection/trantypwal deaigeri 004{as &bafidde yer d¢0eedex ezhthgdell trlh1r50|a1rdﬁsda

rt (n t 0 node, or ode
:/ltj)gltoofre((:]ugnt }Qﬁ%\l@ 6%6}595%%%&3?@{%?%1%@58 s‘iﬂ%‘er %an be
flexible or rangil ehthode an0 c Adljacent o ﬂmalmd@eraehalbllmecgd)l}ikansport layerble
organi c il ms gy EASEENAS the %H%%t|s anUbgl(?ﬁ @%ﬁe#%&b eSmd ﬂg%{ N

partlcularly eff|C|ent for 1nj ec I n ecting ve charge
carriers20Thé %ﬁtwbtr?%sq%mﬁ%rﬁ y gerpthe w@émjeanl@\/tranmrhlaygr A2fet al ,

ni xed metal, add g catfddd 1dﬁ>ﬁp‘ﬁ@nélre|€%t¥&dtraﬁ§g§cﬂ{ |a§%t)d§ theSpghbBkaveret al s

i nclude the g oug|3101 'Fﬁe copdlymers gFtthe iRvéntion can be useful in the hole
injection/transport layer 120 and/or in the photoactive layer 130 and/or the
optional electron injection/transport layer 140.

25 The device generally also includes a support (not shown) which can
be adjacent to the anode or the cathode. Most frequently, the support is
adjacent the anode. The support can be flexible or rigid, organic or
inorganic. Generally, glass or flexible organic films are used as a support.
The anode 110 is an electrode that is particularly efficient for injecting or

30 collecting positive charge carriers. The anode is preferably made of
materials containing a metal, mixed metal, alloy, metal oxide or mixed-
metal oxide. 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

35 metals, such as indium-tin-oxide, are generally used. The anode 110 may
also comprise an organic material such as polyaniline as described in
“Flexible light-emitting diodes made from soluble conducting polymer,”
Nature vol. 357, pp 477-479 (11 June 1992).
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G oups 4, 5 and 6, and the Goup 8-10 transition netals. If the anode is
to be light-transmtting, m xed-netal oxides of Goups 12, 13 and 14 35
netal s, swohlzag4diadi umtin-oxi de, are generally used. ThePamabe2/18899 may
al so conprise an organic material such as polyaniline as described in

"Flexible light-emtting dj odes made from sol ubl e conducti ng pol yner,"
Nature vol. 357, pp&gnQderlayeris hlthusualyApplieg bya physicrl ¥8BOPCT/ US02/ 18399

The anode |ay;ﬁpo's&iog:1&06§$@bﬂ é(p_liﬁ-ﬁ:@bf s@cby%.amémlsﬂnﬁ:%hysmdK/aG@rp?_sition f
process or spjn- »process. JThe term. si.cal, vapaor. eposition” refers
to various dgﬁg’ggﬁﬁ% np%f%Er@a‘@{EgsciaPPﬁﬁ'BRc%’F??F’\?é ried ?HE@,@“HP' exanpl e,
physi cal vapdrhusefarsgixampie; physick yapdi dépositioroihchidepalitfermsigf i ncl udi Bg i on
beam sput keri | al | ; I kL as e-beam
evapor at i gn asﬁg“?gﬁ?’\@g'h’gg‘?ge@hé’éﬁ ?@%@%\@aggéﬁ‘??éggﬁﬁ%gg?ﬁ%ﬁ%& cal vapor
deposi ti on wePRsitiongiish as e-Hepm evapasatiaghand peaistance gvapwiationpd ymer s of

the inventi orpeificffore of BRygisanRipdr ¥8pbsities WHidH fs'\AR$MAGE I MBYSEHEH S i n

| ayer 120. Other, materials"which may facilitate hole injectTon/transport

i ncl ude N, N SEUBRERSH - N, N - bi s( 3-

met hyl phenyl)-[1, IThebd:qmﬂyméis—éf,th'e-ildiellmbneniéﬂ'ﬁm)ctiﬁﬂ@sm(ﬁé ll\l/I-D( N, N- 4 hol

di et hyl an,no).-.2- 5 - Q& y net hane an ol e

nj oot | onft r SERERI R e daR T BYEP oY ndE e Mhisnal 5

(plheny! lmat hyl&g&aﬁhﬁ&ne;ecgom&r@asn?rgirim}qmsm aiap?an;dmxu?_b)s(aﬁgjgi) X Snguch
ol yani | i ne ' 1 1 1464145 g )

gs Z 4'-N, N - d@g%@%g?i‘g. bﬁ@%{)w 459 I'rﬁg{ré W@t%ﬁgﬁ Lmlmmat erials with

good el ect roﬁ’i%hbj'aﬁHF@‘ZﬁP%‘BVlWﬁFV'&(AH@ﬁ%‘NiPr}ﬁfw methang (MBMP)agnd heleat ed
ol 61 i agt | s B A covent fonal
ole in i on/transport |ayer . )
neans, Jlﬁgl ugpé\%n@ﬂ -yé)(?éwsﬁ@f‘e’c%@Y&rfg,eB‘X %“?’W i'ﬂ@he&)iw?b ure
printing. Thedyandnec@ANI)stedi®nami held irﬁﬁfﬂimtrhﬁﬁpmﬁlhgtﬂﬁria‘tgnialéfsebhm g

t , . I ) ral.. e, L.nprgani c anode
bhd the not e 4% F ALt Hipd BRI BRGM (B0R). dRREM e e BRERT T e
under st ood t lg@odteiectpen and MOimi}?Ijexﬁipp/tm\Spdﬁgromieﬂjmdhagsachelatedhbe appl i ed
[ tt ; VORI : ot or esi st
on the 1 st TS EbnfRb o tisl Rl g BRGES BRI B AP TP 0" The
first el @trical cdehele imggéen/ransparhlayer APQ sandeiapglied using aryers can be

appl i ed as agopventidial hdeds, #tludifg SPRSESHIPRL bé{sm@rfaﬁafpﬁmtik@j $lébh 497

exanmpl e, a photoresist. and wet chem cal eté:fg,i . .The hol e
i nj ection/tr &3PIRPT @Qrdré‘z?nla&?%%arb%'sa q 'eB?PV m!?;et printing, thermal

patterning, or physical vapor deposition.
In general, the inorganic anode and the hole injection/transport

25 layer 120 will be patterned. It is understood that the pattern may vary as
desired. The layers can be applied in a pattern by, for example,
positioning a patterned mask or photoresist on the first flexible composite
barrier structure prior to applying the first electrical contact layer material.
Alternatively, the layers can be applied as an overall layer and

30 subsequently patterned using, for example, a photoresist and wet
chemical etching. The hole injection/transport layer can also be applied in
a pattern by ink jet printing, lithography or thermal transfer patterning.
Other processes for patterning that are well known in the art can also be
used. :

35 Depending upon the application of the device 100, the photoactive
layer 130 can be a light-emitting layer that is activated by an applied
voltage (such as in a light-emitting diode or light-emitting electrochemical
cell), a layer of material that responds to radiant energy and generates a
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a pattern by ink jet printing, lithography or thermal transfer patterning.
Ot her processes for patterning that are well known in the art can al so be
used. 35 Wepe/di4ng upon the application of the device 100pcrhsophssvoacti ve
| ayer 130 can be a light-emtting layer that is activated by an applied
voltage (such as in a light-emtting diode or light-emttjng

el ect r ocheni cHgnalith or WghP‘dS@ﬂ appligebliasivaitage suchas)ipraiBhetgdetegiatht ener gy
andI _gegelr3 at eSEﬁaﬁ:ﬁle‘éQfQﬂo@&!b‘fh é&o%ﬁﬁbl#ﬁ?%hb%&ﬂ\t ; dlﬁii%‘@éllé{“p}h@t@é??éidrﬂom an
i a suc in. Q or). a . 0
hot odet ect ord PREF B pRoP BRIy B Enp LB A R LDsBiC Cells,
phot oswi t chesas 'mimederrasa'resdesaibeaind\/lmrkus;)mmfleelrmiq:ﬂ]andwugieairml‘sceI | s, i
"th '. ' : , ctronics and Nucl eoni cs
?)isct [ oﬁZreysf eQ%@ﬁ%”ﬁ?ZS%ﬂ?g’ﬁiwwmﬂ?ﬁ%ggﬁ Were the device 100 is a
light-enitting devy\ere theedeyiee 486t isvaelightgaittingadevige, ithe photaactive when
sufficient bi Ié?ef*/%@ MlPemtt IRAPWhEH sUfficid bidd @&fa{gef%ﬁ'ap 4 #Find avers. The
copol yners of _the. i ver}thn may bhe used in the I71ght- mtthg% active | ayer
130. Ot her kn%&ﬁt”r??gmfl arhlay§Rg Mg eanclyreersefithe inMentionanay ke Used i
mat er i les S{J/cthea’:ght—bnﬁ&ing@ﬁv% lmétérimo. f(?thgekg%wi% (ﬁght—&rﬂnﬂmg Hra‘ieriatat ent .
4, 356, , . A n . . relevan ortions
of v ch 1 o N5 STEl miecule et St 8n biose Gscabfn /B XAk,
mat eri al s canlang, oSy Fatent 4:35@&429) ¥ars Siykeaet alhbaks. Pdmcniﬂﬁ@omﬂg tﬁ%ig)end et
. (U S Pat - ; : 5,408, 1 ,
6l\llakago et aﬁ@@a@t%ﬁﬁ,{o&%@f y?ﬁ%?%&%rpﬁg@e&j&e&g@ %g%'lra'?' ?:S'ns of which are
i ncor por at ed Algraptively. sughanatesials qaebe ipghimesia materigls suckeas tasemay be

di sper sgd i N gedtibetin Friend @t bﬁ;(Hr@.tfmétjea{ 5, 24711903 "Hecdébridtit(Lpgddi tives, but
prerera e

ly f ctive orga | ayer general ly has a
t hi cknessl%i noéﬁrﬁnt@%F é%@r@)g@g%@@ ﬁhS‘- %M@%nﬁ,&gngé,rtg%r@em;i ce 100 is
a phot odet ectmortiohé ef whigthoaretinswrpolaige helédd byesfevenice. tThe light-@ndittiger gy and
eapond to T dpkriefaTRs Ysheed e Bt &t oR el 3 AL with o
bi ased vol t ageitheutEdditivesnbutrretarably fofmzaIph@taiooadﬂ'beiaoéivegrga;nig o
hot i stor ' : tQtr | K t ot ubes) i ncl ude,
Por example. ayehbeast hadginickiiodt il b angs 8 B0 S00MM. Ccant at or s,

Materi al 0 hat resPéieee ihe elpalierintdeyicer 10 isriphotodetestasl theothgjeaelivet i ng a
signal wit houhyer P3GSeSpondd foaadidns @ﬁérg@Sanqﬁpﬁda@céggesi@a|;%itaepﬁvﬁﬁfaﬂduct I ve

O PRl higead Solod, Ul T i et Sronansh st 7
reactive mat esapsble bhgéneratifiga signal with a biased voltage (such as in the case
of a photoconductive cells, photoresistors, photoswitches,

25  phototransistors, phototubes) include, for example, many conjugated
polymers and electroluminescent materials. Materials that respond to
radiant energy and are capable of generating a signal without a biased
voltage (such as in the case of a photoconductive cell or a photovoltaic
cell) include materials that chemically react to light and thereby generate a

30 signal. Such light-sensitive chemically reactive materials include for
example, many conjugated polymers and electro- and photo-luminescent
materials. Specific examples include, but are not limited to, MEH-PPV
(“Optocoupler made from semiconducting polymers”, G. Yu, K. Pakbaz,
and A. J. Heeger, Journal of Electronic Materials, Vol. 23, pp 925-928

35 (1994); and MEH-PPV Composites with CN-PPV (“Efficient Photodiodes
from Interpenetrating Polymer Networks”, J. J. M. Halls et al. (Cambridge
group) Nature Vol. 376, pp. 498-500, 1995).
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exanpl e, many conjugated polynmers and el ectro- and photo-| um nescent
materials. Specific exanples include, but are not limted to, MEH PPV

(" Opt ocousDaer/opte from sem conducti ng polynmers”, G Yu, RCTRskbms99 and A
J. Heeger, Journal of Electronic Materials, Vol. 23, pp 925-928 35 (1994);

and MEH- PPV Conposites with CNLPPV ("Efficient Photodiodes .from
| nt er penetrat i % P 9ﬁ§¥¥v$\|g%r155'0,°%§am'§9%m ackive @rgélm%rln.a??'@ﬁﬁﬁi“ iP8ge

'?’[1 oup) Nat ulr eaWIedBderﬁ,sm_iorégﬁf_ ?roodx&@ﬁ_ bnal&ﬁe%,QﬂéI?girhﬁlélbhﬂgb’élgﬁle/o é??gg
e active | ayer,; i.ni . ve organic mater]al.

from sol uti onéswba%?a%’gﬁ@@ﬂt ﬁg'ﬁa%%%xgﬁﬁé?m? ﬁﬁqﬁﬁ?lﬁﬁagyﬂen@@gﬁiﬂbef:ﬁycast I ng,
and pr ijnt i n_gi PWMép@rcdﬁ&MItmrgamcesz;a, @Bpandlnéggpdndhamwtm:fecbgdhe ect | %/er ibgl .
vapor deposi c ;S’&‘s% :
It IOi s al g?poh%?%rlpéelgt gsigfﬁ" an%e?lclt@\:g}gﬂgghymrﬁ{egﬁeﬂﬁgggrecaﬁr%pﬁgn convert
to the pol ymelNenGanved;tpyhegpolyegr hgicatlhdydwatibae 150 is an el ectrode that
i's p?_rticulharl y efTh_éicgmod_&?ﬁ'rso iisfu'r:ﬁglbbﬂ@dé)ﬂwgfq% bmiﬁg{agly@gm%tﬁaﬁtolr havi ng
negati ve charge carriers. The cathode can. be an

a Igovver wor k ﬁlﬁé‘f‘g(ﬂ{ c[oﬂgq:pr}%%leg{rggq Oﬁﬂe%ﬁr}@/@t?ﬂ%é? CEHW%C&“P&??P%C% n this
case, an anodegn b&mngrmetas of nonmbtal haviogd loWe@WdrM@ﬁézstmrthaﬁtrg fisser ann be
sel ected o] L ed e, d. e.lhe ou

(al kal i nefdear%l%h’%gl é?@?éﬂhiegj%%g%gsﬁna?@gd%)hbh?tﬁf'ﬁs fggp}enge:copﬁe

| ant hani des, @ledtricabcentachagescarnvbe seleates! fsormhalkail aletaisrofrGroupridieugn, .
cal cium bariu ] i 0 used.
The cat hode | %Iggrs %?gsﬁgﬁﬁ?u%a;ﬁg éﬁ”&,ﬁ?%‘“&?ﬁ‘?%ﬁ%ﬁ%@’ _ garf)%% ition
process. |n gadihsithe {adhanidasand &?@thqels- Hatesiatsesunbioas alwmiguscussed

above in ref eingnee dcilite baroae anayeagiesiurangs GeNdHscddnisinaiéhy Bah By er
120. Sim]ar reoqpe55| ng techni ques can be used to pattern 20 the cathode

9
| ayer. Op]tlon ] ayer 140 can function both to facilitate el ectron
transport, and al Foe sathodedayer 150 Earsubby applied b*pafdr?smeh%ﬂcﬂyer to
e

b oot es ol ecosumtgsERopRe S EbeadE dné BoiorRiakr il SRR s o cs of
el ectron trandipoussedoabavetiprreterendento thptanodellayerykt0 ardconduciive net al
(A g3)  phera s e el ol a (A Y b B BHa Tl ey
1, 10- pherddht hN61G34RO4IB¥AS. or 4, 7- di phenyl -1, 1 0- phenanthrol i ne (DPA),
and azol e conpoundSpgondl |@€e;r2+4(o4cé11' funetion Bbir fo-fadiitat® electidnaradspok; 3, 4 30
oxadi azol e ( Pgr% a%gdse?f\_/é g_s 3 t?ur}?er}%yér)drdébﬁﬁﬁé‘r%lehts ué%‘r‘ }o_ grlé%}\to cslueenr}é:lh%r{gl’ 2,4
reactions at layer interfaces. Preferably, this layer promotes electron
mobility and reduces quenching reactions. Examples of electron transport
25 materials for optional layer 140 include metal chelated oxinoid
compounds, such as tris(8-hydroxyquinolato)aluminum (Alq3);
phenanthroline-based compounds, such as 2,9-dimethyl-4,7-diphenyl-
1,10-phenanthroline (DDPA) or 4,7-diphenyl-1,10-phenanthroline (DPA),
and azole compounds such as 2-(4-biphenylyl)-5-(4-t-butylphenyl)-1,3 4-
30 oxadiazole (PBD) and 3-(4-biphenylyl)-4-phenyl-5-(4-t-butylphenyl)-1,2,4-
triazole (TAZ).
It is known to have other layers in organic electronic devices. For
example, there can be a layer (not shown) between the conductive
polymer layer 120 and the active layer 130 to facilitate positive charge
35 transport and/or band-gap matching of the layers, or to function as a
protective layer. Similarly, there can be additional layers (not shown)
between the active layer 130 and the cathode layer 150 to facilitate
negative charge transport and/or band-gap matching between the layers,
15



triazole (TAZ). It is known to have other layers in organic electronic
devices. For exanple, there can be a | ayer (not shown) between the
conduct i vwo opobosner | ayer 120 and the active |ayer 130 toPpcagishr/issve
positive charge 35 transport and/ or band-gap natching of the layers, or to

function as a rotective ere an be ddltronal | ayers

(not - shown) a54bidiienias s erdisevelaler. S tnatince Kipnde Hepcatoo « o

}‘aci | i taag rhegased: el ncduditen, tangrof tloe abaml»ﬂescriuﬁmht géers ¢ai bod inregicbeft ¥\een t he
ayers nction ective

I azer Laye\r/\s(,RNB 88 gféégxggh&{}%roﬁéi&éfg%t "@éﬂ 'é°ﬂ'§8693’1'%g§8‘3‘? Hy% any of

t he above- desld0, theicorduntive palyner layere124, the aotive layer 430 a3md sathode

Al ternatigel y, Yoo, %ay’%é sQﬁa?@ﬂéQ%@' té |ﬁ‘5|‘3§§e cfiifde c %ﬁ?r tréﬁ@p nductive

pol ymer |ayer 120, trve a er , may be
surface treateéﬁp'?@)(’){ n-E"r‘%QB@'CQIQ&FQ%%%JN@%@%W@HBQMPWl tayerﬁ:ts The

choi ce of Wﬁttﬁéfe@étﬂyfd@terﬁﬂﬁéh 8 balhciiyheNfiHls bRYyRVRIinGa devilealimb! ¥
det er mi ned b¥ ﬂalganm n W oals of providing a device with high device

ef ficiency. an be prepared by sequentially depositing the
10 i ndi vi dual | ayéite deviee $00 cahlbe mbatecﬁb)esecﬁltbﬂiaﬂmjepo@un@thfé gl ass and

ubat 1 at 0and THECRL OGP a sy floPBypStARE, SAEsBRSESubT o Bhassdnd Doscr b e
to first apmo}ymerecﬁlmshoarebe@sadstmbsosmasesrtUeanddehseapplmmtha t he

reverse ordey, berQtegé‘rWﬂ@ la%érlgeargiHﬂl?ﬁﬁ%ﬂ?@éoﬁﬂgﬁy&?y%pﬁ&g idiQkd ow ng

range of 15 thicknesses ani ¢ anod erably
1000- 2000 A; firglapplthecatheds i sul§sateianl adwthmlagers inghereveisey 200 2000

Ql: elclt ?gtn - emdraemnlg{erere?rl?%odlﬂfg%et? efs mr#éwg?rpué@ﬂgi’r@ﬁgé\ofor); t ﬁQSL

150, 2004 108‘6‘6%/1\ SS&Fef"é‘PFQSW asies 5§0 %P%&Am%gggﬂ%oq PP

exanpl es |IIlwhdattwe:mlymenlafyeamOescl)Tzﬁdoa&l efeamytzoon(ldtJeAplt entb ot
t | on, bu

i ting. a1 Erpledalel B 38, ’i@tﬁ)&e IR BB A ohpaa SRR R ed. 25

EXAVPLE 1 Thiteanspartpayeri 140,60 Hi08A  preferably200-80m Ao tathodasks 0 206+ ene

pol ymer, 2, 7@@@9({( g,re%rgng%oeédgq]ﬂexyl )fluorene). Under inert conditions,

DVF (5 rrt%)wasa Ienck tube equi pped with a stirring bar
ning bis(1,5

The following examples |Ilustrate certaln 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.

25 EXAMPLE 1

This example illustrates the preparation of a base fluorene polymer,
2,7-poly(9,9-bis(2-ethylhexyl)fluorene).

Under inert conditions, DMF (5 ml) was added to a 50 ml Schlenck
tube equipped with a stirring bar and containing bis(1,5-

30 cyclooctadiene)nickel(0) (2.231 g, 8.11 mmol), 2,2'-bipyridyl (1.267 g, 8.11
mmol), and 1,5-cyclooctadiene (0.877 g, 8.11 mmol). The ensuing deep
blue/purple solution was stirred at 60 °C for 30 minutes, and then a
solution of 2,7-dibromo-9,9-bis(2-ethylhexyl)fluorene (2.00 g, 3.65 mmol)
in toluene (20 ml) was added via syringe. The reaction mixture was then

35 stirred at 75 °C for 5 days. The mixture was cooled to room temperature
and precipitated into a solution of methanol (100 ml), acetone (100 ml) and
concentrated hydrochloric acid (5 ml). After stirring for 2 hours, the mixture
was filtered. The solid residue was then dissolved in chloroform, and again
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30 cycl ooct adi ene) ni ckel (0) (2.231 g, 8.11 mml ), 2,2'-bipyridyl (1.267 g,
8.11 mmol), and 1,5-cycl ooctadiene (0.877 g, 8.11 mmpl). The ensui ng deep
bl ue/ pur pve o2obasié on was stirred at 60 C for 30 m nutes, &U/UShBIB399
solution of 2,7-dibronp-9, 9- bis(2 et hyl hexyl ) fluorene (2.00 g, 3.65 nmol)

toluene (20 ni S, dded ri reaction mxture was then 35
Is'[ll rreg at (75‘”8‘:'?%?%% IgiQ,3 Soky inﬂ i’ﬂ%ggn%logﬂa haretyne JOAMBANr ature  and
preci pi t at eg damcentrateal ttdrochiofic sreldngml). AfSstirting f@tcﬁ?@uﬁe tﬁeﬁﬁﬁktﬂi‘é t ﬁnd

ncentrate or, Stifri or e
rore e ‘S TiB6RGC FiaRahe, o8l as SEbs ke e g NERs o1 of or m
and agai n 16vater epdmeethasolRd USSR INGRR0. Theecopnlymeewascharactserized i on of

e han! o5 obycleatrbgRend Kidndhie AUNR) CRRARBILFAAS JUAGLR na‘%&apmd (5

m). After stirrjn ture  was
resi due was SYRigB %&ﬂnﬁéﬂ?s datarained by grkpermration W@@ﬁt%ﬁphﬁ((ﬁlaﬁé}l and
dried in vacuo. The copol ymer was chgAfMPleE HAed S5 by nucl ear magnetic
resonance (NMR) a the n rrber verm ar

det erni ned by gel HW 9, Pi5gh WRRyepegiey, exq_ﬁ%AMEhQﬁ(eﬁfﬂ@”
procedure of rEmmTplveaslstvmai aewa@édr 2€K0ery, irfdiedd bﬁ%r'secﬁa%@l dap mxture was

e o 0o Bl e IR el A8 AR, Y S e L e
chl or of or m ardisgohead ipi choreforimapd peccigitaied i pu:tmerhetrmndhd)efommdue was
sucessi vel Y 4gsiad hd L, CELRRAacHE Bitn 30 IRON YRy Al o vacuo

Essentially t e sanme nol ecul ar wel ow wer e

obt ai ned. 15 drgANpIvaCUO- Esgﬁawwetbezame "10||Q£§ldafa't/%lghh@r0}§ld§@anél’tahhﬂof

per f | uor oal ke verk lobpdinag copol yners of the invention. EXAMPLE 2 20 In
this exanpl e, perfluorodecyl substituents were added to the base fluorene
pol ymer om Exanple 1. Under a nitrogen atnosphere, a 100 m round bottom
flask fitted with a water condensgEXAMBLES®@-ged with 2, 7-pol y(9, 9-bi s(2-

C o o b a8 bt S o L8 S BB Bz ere (50

m). The vessfbllormcopmymlemoiaﬂjetmvam@nc for 24 h. After cooling to room
tenperature, the reaction sol utlonmmmfi?;hted with chloroform The

chl orof orm | ayer was successi velr?/ di | ut e aqueous sodi um
20 In this example, perfluorodecyl substituents were added to the base

fluorene polymer from Example 1.

Under a nitrogen atmosphere, a 100 ml round bottom flask fitted
with a water condenser was charged with 2,7-poly(9,9-bis(2-
ethylhexyl)fluorene) (0.50 g, 1.29 mmol) from Example 1, 1-

25  iodoperfluorodecane (1.83 g, 2.84 mmol), and 1,2,4-trichlorobenzene (50
ml). The vessel was then heated to 190 °C for 24 h. After cooling to room
temperature, the reaction solution was extracted with chioroform. The
chloroform layer was successively washed with dilute aqueous sodium
bisulfite, dilute aqueous sodium bicarbonate, dilute aqueous sodium

30 hydroxide, and water. The organic layer was dried over magnesium
sulfate, then evaporated to dryness. The resulting polymer was analyzed
by F19 nmr, which indicated the addition of approximately 10-15 molar
percent perfluorodecyl! groups.

' EXAMPLE 3

35 In this example, perfluoromethyl substituents were added to the
base fluorene polymer from Example 1.

Under a nitrogen atmosphere, a glass pressure vessel was charged
with 2,7-poly(9,9-bis(2-ethylhexyl)fluorene) (0.50 g, 1.29 mmol) from
17
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bisulfite, dilute aqueous sodi um bi carbonate, dilute aqueous sodi um 30
hydr oxi de, and water. The organic |ayer was dried over magnesium sulfate,
t hen evapwoakeg4t® dryness. The resulting polymer was analPgzds02/b839¢19 nnr,
whi ch indicated the addition of approxi mately 10- 15 nol ar percent

per fl uorodecyl groups E 335 In this exa perfluoronethyl

substituents ﬁmpgdhéaﬂwom@amgonr hiisie 8feMobxanpl e 1. Under
a nitrogen atdrmr@rmn rp’héﬂ msghﬁrﬁzsmreem@ﬁg |(12@ﬁﬁ@ﬂ2§%mw tahd

(%2/7 088%%%%@0’%@@%@9 h%é‘én% ?"? T PR éﬂ%%)i’d&rmo}rd\é\o
(0.48 g, 2. 84cefmoetone hiitb laindrevacuated; trpdmeﬁludmkiorsrﬂhnmyeutmhlsrayc(el 1) (12 ny,
00828 ) i repbafed 2 hbRNAEE RN (el FlsThdn whiRedg 26omyas, €00 €0 o

-30Cin dry | ce/ acetone bath and evacuate wth ni t rogen.
Thi s cycle 5 tAEWeratiexand placedria the autoclameavherestwagheatartto 130 A8 dot o r oom

t2 enper %} ure amrdrlw pfh’r’@@ésééh vrarsethéutct@@Ie@Vt@ rwtaﬁrt%m tr&@ﬁe BAgtRA é&wltﬁot ﬁ for

e vesse 0 0 room tenperature pur Wi
nitrogen. Thé" R’?Q%’hsﬂreo g’é?ltée%”ﬁtsi '%‘@ngpé‘%ﬁ'%actﬁgé’g N€et one.
Sol i FI r esi duleSMmisrescddeanaedoHemd]eﬂlastthmab@t@ﬂe@? dh‘ecﬁﬁh vaﬁubaa'g_@ ~The 1]9
resul ting,po n ed .t he ition o
appr oxi rrgpel yré%@l 'T%M? %é? gaﬂ'&zg&gﬂ uor%m P{% @r’m 8' R In this
exanpl e, per faf appodximately d0st5 lmdaartperomtetnﬁrmtrremaﬂmyltgneu;hmse f | uor ene
pol ymer from Exanple 1. 15 Under a @%é,@g@g At nosphere, a 100 m round

c

bottomflask fitted with a water s charged with
2, 7- pol y(9, 9- bi s( 4n thisiexampls. parflueiobrty) substivenrts wereadded tp the basexanpl e
1, perfl uor ghitanes b[fyﬁiykrcﬁﬁlm hiffe 60. 905 g, 2. 84 mTD|)

di chl orotrr s(triphenyl phosphi ne)rut heni un(| 0 0125 rrrml) and 20
1,2, 4-triléhl or obe 3('2'%%9?5‘ a)tmﬁﬁpk}%@sél Qdar@ fé’("éﬂaﬁl‘é)f'i% Cfor 24
h. After coolwm}aWeN@@&HnséﬁWa@@h‘ﬂa?@ﬁWﬁhW-@oly’(@@ lﬁréﬁict ion solution was
precipitated It ﬁeaﬁ%‘one ) aﬁ-’é)s Lg resi R W'E% col | ed, washed wth
acet one and cﬁi y QL) ( P OTRY Eam AMRIR anal yzed by F19 nm,
whi ch i ndi catpedfladrebatytsutfioon aflorigen (bS05rgt 2/8¢4 rihmol)S mol ar 25 percent
per f | uor obut ST " th respect
T LD e
be 20 1,2, 4 trichlorobenzene (20 ml). The vessel was then heated to 120 °C for
24 h. After cooling the vessel to room temperature, the reaction solution
was precipitated into acetone. The solid residue was collected, washed
with acetone and dried in vacuo. The resultrng polymer was analyzed by
F19 nmr, which indicated the addition of approximately 10-15 molar
25  percent perfluorobuty! groups.
While this invention has been described with respect to what is at
present considered to be the preferred embodiments, it is to be
understood that the invention is not limited to the disclosed embodiments.
To the contrary, the invention is intended to cover various modifications
30  and equivalent arrangements included within the spirit and scope of the
appended claims. The scope of the following claims is to be accorded the
broadest interpretation so as to encompass all such modifications and
equivalent formulations and functions.
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understood that the invention is not limted to the disclosed enbodi nents.
To pfgggontrary, the invention is intended to cover various nodifications
30 and eqwpbwalogmatie arr angenents i ncluded within the spirit pamdssrogse9 of t he
appended cl ai ns. The scope of the following clains is to be accorded the

br oadest int %%e.t at]i.on so as to enconpass all such nodifications and

equi val ent f | %:GlIMedai8d functions. 18 PE066 WD 02/ 090416 PCT/ US02/ 18399
What is clainmed is: 1. A polymer conprising one or nore first nononeric
unit having a For

laa 1, . shown in Figure 1, where: 5 Ris a substituent on
a carbon atomin aﬂyé'%?r'ﬁmeé cpmpél,swwﬂqrben%gwre ﬁ&ﬁm‘%ﬂ%" BPEE?Y'PQraent at
each occurr efrcematall skowrlireEigede 1f wherdiydr ogen, al kyl, aryl, heteroal kyl,
het eroaryk, F, - o tlwépggﬁ] g%M—rpa: cgwgﬂ: . - I 2,
-P(R1) 2, % SOR1, Cl—‘%bs?%?lbg' , ar_la Cge a- {I&g}ﬂ#‘ ony srﬁﬁ%?/ﬁ%’ ‘ﬁ@%ﬁu }e; Xl 10
shown in Figure 12 ;bethegpmesidiffergnbabeaghgesuitanceand isrselested ng sel ect ed
from 5- menbered cyciredl Hytrogén TEKACAGH Hetsloalkyk HeterdanyrBroenedort y! |
6- menbered aryl. 5- n%eﬁqd ef,e oa%&:a EIBF eﬁ{mg&q hehg&tparyl, 15 such
that: Rl is a substittear on-w AELertavbR Mith cRpR rRERSRne or
different at each oc8ARkREORAC-NS, sricbetaditaonglskdvingFytmulabét er oal ky|
and heterlearyl; and ¥N°Wf§if?pHUE%q er between 1 and 20, and 0 and ?, are

i ntegers 20 satisfying Equa I'%Pelow 0 + 2 = 2yl + 1; (Equation Al);
R2 is a substituent ad#ageotRigsoups wgethar dan farm a ingsélectedfigm Sahi ch can be
the same or differeng, A H?d% | C hydr ogen,
al kyl, aryl, heteroal g?lﬁbé’fﬁg![%g?%gp{ﬂ,%n@% - e{ja&é—@?ﬁ(&}’?h t eE%'%?vi so that
the pol yner cont ai ns224, @-Besmbesgd &vs foaembared haternant BadiGr nul a - Oy, F2w

30 2. The polyner plenbarethhbterddhfii onal |y conprising at |east one second
rmnorreriqsunit sel ect e(g1 rom (i) aromatic groups having Formula I shown in
Figure 1,7(ii) ar omaty ups having Forrmula Il shown in Figure 2, (iii)
6- mnenber ed het er oar oRdtis @ sybstienh anianetEmoatomavhich castb@thei same or

different at each occurrence and is selected from alkyl, aryl,
heteroalkyl and heteroaryl; and
v is an integer between 1 and 20, and 0 and A are integers
20 satisfying Equation A1 below:

B+ A=2y +1; (Equation A1);
R2 is a substituent on a carbon atom not in an aromatic ring,
which can be the same or different at each occurrence and is
25 selected from hydrogen, alkyl, aryl, heteroalkyl, heteroaryl
and -CyHgF3,
with the proviso that the polymer contains at least one R substituent with
the formula -Cy,F2y+1. '

30 2. The polymer of Claim 1 additionally comprising at least one
second monomeric unit selected from (i) aromatic groups having Formula |
shown in Figure 1, (ii) aromatic groups having Formula Il shown in Figure
2, (iii) 6-membered heteroaromatic groups having Formula Ill, shown in
Figure 6; (iv) 5-membered heteroaromatic groups having Formula IV,

35 shown in Figure 7; (v) aromatic groups having Formula V, shown in Figure
8, (vi) divalent fused ring aromatic groups having Formula VI through
Formula VIii, shown in Figure 9, and Formula X through Formula XI,
shown in Figure 10, and (vii) combinations thereof, where:
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Figure 6; (iv) 5-menbered heteroaromatic groups having Forrmula 1V, 35 shown
in Figure 7; (v) aromatic groups having Formula V, shown in Figure 8, (vi)
di val ent Wogedswiieng aronmati ¢ groups having Formula VI thr eaghusotosssul a

VIIl, shown in Figure 9, and Fornul a IXthrough Formula XI, shown in
Figure 10, and (vi.l) c [ ati ns tnelr\)a IV\O [ 19 02/ 090416
PCT/ US02/ 18399 i AP IhandylXo vy virr, and I X

R RL, R, vy,, 0 AR, R?e\ya@ afef ). mesl ag defined Eboeér be the sane or different

oyl ane aeUil 3300k b8 sahficb farBand aPbah of m';%gceeg%,ga(;gn@ ﬁbﬁﬁ%t "
occurrence C or N anboydpsadmhmgagfouprse@&d frerreanylalhefanﬁn 1 or 2, such that
vvhenbothAareN : or when one of Ais N and one of Ais C,
thenylsl or mﬂ@féraw@’gar theny is 2;, Qis 0, S 502, or NR1
where: Rl is a suﬂ&iﬁgdﬂwlﬁ_en a heteroatom whi ch can be the sane or

di Bfﬁrent at FaCf115/\)1‘scmgé§ék¢clibrﬂl?0htle%cﬁ@c@@ﬁr@ﬁcéC%'ﬁﬁ'a‘ﬁﬂ' v is® o an heteroa:\ll%l
and heteroary i n,Formul a car 0 or
where: Rl is a subst |NeQ&S (B?Ptﬁd ﬁ%b Mvﬂ%ﬁ‘ t?)‘ghtﬁlér%gng‘

different at each ocizWl;rervaeeraooe ofsAssINearhdadnéro@mlal&yhenﬁnsyﬂ,or heteroal kyl

and hetergaryl; 20 I r t8 al kyl; or both of Wtogether can
represent18 one sin V\M‘% rl?lé);tﬁft\ﬁy#&or’thpgy 9’the two E's are in the 1, 4-

1,5-, 1,8-, 2,3-, @QisQ,& SSigsiariNFAswherei Fornula VI1: 25 the two E' s are in
the 1,4-, 1,5, 1,8-R13s% sub%tlﬁlent 8h aghé{@roa‘?%'\kfgeﬁ%an Bém'é%gdmé]@r Vi ” a

first E|S|nthe1 2 osition, a second

position; in Fornmula I %'ﬁgﬁnhgﬂ‘ e3ch ogeyreenc andds selestedfrom @’5%'1. ?%n a
second Eis in the 7, thetomakyl 808 heterbarygnd in Fornula Xl |I:

15 in Formula V:
Qlisa carbonyl group, O, S, SO, or NR1 where:
R1is a substituent on a heteroatom which can be the same or
different at each occurrence and is selected from alkyl, aryl|,
heteroalkyl and heteroaryl;

20 W is H, alkyl or heteroalkyl; or both of W together can represent
one single bond;
in Formula VI:
the two E’s are in the 1,4-, 1,5-, 1,8-, 2,3-, or 2,6- positions;
in Formula Vi
25 the two E's are in the 1,4-, 1,5-, 1,8-, 2,3-, 2,6-, or 9,10- positions;
in Formula VIII:
afirst Eisinthe 1, 2, or 3 position, a second Eisinthe 6,7, or 8
‘position;
in Formula IX:
30 afirst E is in the 2, 3, or 4 position; asecond Eisinthe 7, 8, or 9
position; and
in Formula XII:
R3 is selected from hydrogen, alkyl, aryl, heteroalkyl and
heteroaryl;
35 dis 0 or an integer from 1 to 12.

3. The polymer of Claim 2 wherein the at least one of the R groups
in one or more of the at least one first monomeric unit is independently
20



R3 is selected from hydrogen, alkyl, aryl, heteroal kyl and heteroaryl; 35
bis O or an integer from1 to 12. 3. The polyner of Caim2 wherein the at
| east onewofo2tob@1Kk groups in one or nore of the at | east pamaSh2/nssypo
nmononeric unit is independently 20 WO 02/090416 PCT/ US02/ 18399 sel ected

fromlinear an rapnched n-butyl groups; |inear and branched iso- butyl
groups; i peéﬁ?%fgﬁgﬁf)ah’m @%C@@ﬂguﬂytylm%&mS:d%abgn &ﬁ@%\ﬁdfﬁo‘ gr oups
W t B anfl Wi t Moyl gube;bs;mneablaﬁdtbluamgiedrpem'y”l@wdjpgrmékpsgroUbs,Oawlit!BOctyl ar ZUIO_SI_ A
car bazol e gr : I S : roups .and cyang 5.qgroups. 4. e
pol ymer of G%ilgﬁ?szw\*/ﬁ%\ﬁ't'i#&ldé%@\'ggﬁég%?atpﬁe HQGQP' é‘pﬁng"@%‘il?’%r nor e of
the at | east groeps,icasibazaie gneuns; alkoxy gaoups, pdepexylgraups arsktyanioed from H,
C6- C12 al kox ro@&e_noxy, C6- C12 al kyl, phenyl and cyano. 10 5. The pol yner

of Claim?2 erein one or nore of the at | east one second nononeric unit
Is selected from Fornul ae 11(a) through 11(z), 111(a) through 111(g),

wher & 151 For m e L b i i B 3t S B M o e B i S hs

ere: In , a), . , :

descri bed abQP€ QfdPO@aeﬁgsfatﬁ%%%%sé"#%pnfgmref'p,unft\aﬁewdamqndvﬁﬁy VITI

through X ; iseldetedrfrom HYCRIC,, Bkokg, ghendxy! CE-@paIkgN phehgl ahdaiyappwhi ch can

be the s?ge or 20 different at each occurrence and is selected from al kyl,
ro

aryl, he al kyl and heteroaryl; and in Forrmula V(e): RL is a substituent
on a het er oat om whbc i hegpolipmet beClaame2 whereidn bheroemoratofdbe lat Bastionence and

ol yrer of  coeong micflom@te iyt iPICRLA T KImate IELEea ) dn®
nmononeri ¢ unithrongs e ni¥(a) throvgle NEhh Ka) threugle (el Vi@ through Mledjen; 30
al kyl; aryl andh@f@y oMkl ; heteroaryl; F;
15 in Formulae Ii(v) through Ii(y), IV(a), V(a), and V(b):
R is as described above for each of Formulae |, 11, lll, IV, V, VI, VII,
VIl through XI;
in Formula IV(h):
R1is a substituent on a heteroatom which can be the same or
20  different at each occurrence and is selected from alkyl, aryl, heteroalkyl
and heteroaryl; and
in Formula V(e):
R1is a substituent on a heteroatom which can be the same or
different at each occurrence and is selected from alkyl, aryl,
25 heteroalkyl and heteroaryl.

6. The polymer of Claim 1, wherein one or more of the at least one
second monomeric unit has Formula |l wherein R is selected from:
hydrogen;
30 alkyl;
aryl;
heteroalkyl;
heteroaryl;
F
35 -CN;
-NOy;
a beta-dicarbonyl having Formula Xl shown in Figure 12;
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35 -CN; -NO2; a beta-dicarbonyl having Formula XIl1 shown in Figure 12; 21
WO 02/ 090416 PCT/ US02/ 18399 -CYHOF),; OC vHoFX; and -P(R1)2, -SORL, -OR1,

- C02R1, -8Bb2/09MiR1) 2, and -SO02R1, where Rl is a strai ghtrcrhsoni183p9
branched al kyl of from1l to 20 carbons or a 5 straight chain or branched
het er oal kyl . 7. Th& &Fyrrer of Claim1, wherein one or nore of the at |east
one second nonone NE'? Mt has Formula Il wherein Ris selected from alkyl
groups having fronmQC lgR2 a4y bon atons; 10 partially or fully fluorinated

al kyl groups havin om f£a , eci_al,l 3, aryl groups
having from6 to 2%(%a)|2b qucﬁr“réQ h%q% %ﬁﬁsrﬁﬁ’gﬂ hSOF éo(ﬁom 4 to 20

car bon atom; vdm]‘eﬁl ista sraight clvmmor(b)'am;hwralkyl of froah Rde \20pavh@ss baai ng from
1to 12 c rﬂ%alrﬁ&%raﬁ?ﬁ% Qle%@gé,?g_from 3 to 15 carbon atons. 8. The

pol ynmer o any e or nore o further conprising end-capping
groups conprising an aromatic group. 20 9. An electronic device (100)

conprising at |east mqodhyrﬂéi bPBRAMVE wHe&amror{el&qmﬂé’:efthw)leéﬁraNel sing the

ol ymer of an eV|ce of Cdaim?9,
\R/he?/el n the cfé\? & rI'F H'ﬁ'é%? Fog H%" 'gf"’h?ﬁ"’é“g% 1§ %‘f’j?f edflON&| ect r oact i ve
I(aye; I's a phot oacdiky groupschavid@fibom dito a2lvakison atonexst i on/ transport | ayer

120

of 0 ai m8 wner o Al Uidbhy, B0 TR8T BRYL ¢ PES e W, T el Pueni ce.
phot odet ect oratomedespqeiailydviogt ai c device. 12. A process for preparing the
pol ymer of any on;i%[ r%raﬂégh%m (ﬁlcﬁ.lll '6Et01207carbaﬁ a?étﬁ?s conprising: 35 formng

a pol ymer having one having a Fornul a |
shown i n Fi gure 1 hgtesoaryl IFQ’@Sah%\umfrpfméﬁ@ 28rcaab@aatmms aﬂ@ﬁﬂbﬁltu@daronat ic
ring, which g obg bhf:same or different at each occurrence and is

| ect ed 22
seecte 15 alkoxy groups having from 1 to 12 carbon atoms; and

esters having from 3 to 15 carbon atoms.

8. The polymer of any one or more of Claims 1-7, further
comprising end-capping groups comprising an aromatic group.

20
9. An electronic device (100) comprising at least one electroactive
layer (120, 130, 140) comprising the polymer of any one or more of Claims
1-7.

25 10. The device of Claim 9, wherein the device wherein one or more
of the at least one electroactive layer is a photoactive layer (130), or a hole
injection/transport layer (120), or an electron injection/transport layer
(140).

30 11. The device of Claim 9, wherein the device is selected from a

light-emitting device, a photodetector, and a photovoltaic device.

12. A process for preparing the polymer of any one or more of
Claims 1-7, the steps comprising:
35 forming a polymer having at least one first monomeric unit having a
Formula | shown in Figure 1 where:
R is a substituent on a carbon atom in an aromatic ring, which can
- be the same or different at each occurrence and is selected
22



WD 02/ 090416 PCT/ US02/ 18399 from hydrogen, al kyl, aryl, heteroal kyl,
heteroaryl, F, =CN, -ORl, -CO2Rl1, -CvHOF),, -OCy,HOF),, -SR1, -N(R1)2,
-P(R) 2, we@Rb90416802R1, -NO2, and beta-di carbonyl s havi n@CFarsorissoX |
shown in Figure 12 ; or 5 adjacent R groups together can forma ring
selected from5- nenbered cycl oal kyl, 6-nmenbered cycl oal ered

kyl, 5- ne
aryl, 6-menbered aryfromsbygiagen calk¥eamyt ditgnoaliyd @ef%ﬁﬂeﬁrlie@%e'@? aryl ,
such that: 10 Rl is acggpzét, L(v,\gggpx,()n a het eroat om whi ¢ch can be the sane or
|

different at each occypr | ec ro y ylu~ heteroal kyl
and heteroaryl; and 'yqjéwgpeﬁ'r ég’i\“ﬁ&vﬁ&bé ﬂz%,'bgﬁgﬁdlggé% re

i ntegers satisfyi ngb&udicadonils ealingodbuld Xil sh@yn in-Figuré B@uadri on Al ) ;

R2 is a sybstituent : ' | ' ich can be
t he sane gr differ entﬁ&j&%@@%%‘?@é&%ﬂ% dgﬁﬁﬂg%@fﬁé%@g@d}ﬁ?%% ;i\;dr ogen,

al kyl, aryl, heteroamembemrdicyelogikyl, SComemheredeyeiorkyl, Snimemberdor ovi so

that the polymer conggjlmsndmbéragt a@'l‘.es-ﬁe?h%bhth‘é@é}bawlratﬂd g-he formula
-C. F2W1; treating the olrygvj]r wi th a perfluoroal kyl atl ng reagent sel ected
from (i) a perfluor oa]q{&Pe rEdedRO8RG (ii) a perfluoroal kyl sul fonyl chloride

in 25 the presence sficathat heniun(l1) catal yst. 23
10 R1is a substituent on a heteroatom which can be the same or
different at each occurrence and is selected from alkyl, aryl,
heteroalkyl and heteroaryl; and

v is an integer between 1 and 20, and 6 and X are integers

satisfying Equation A1 below:
15
O+A=2y+1,; (Equation A1);

R2 is a substituent on a carbon atom not in an aromatic ring,
which can be the same or different at each occurrence and is
selected from hydrogen, alkyl, aryl, heteroalkyl, heteroaryl

20 and -CyHgF,
with the proviso that the polymer contains at least one R substituent with
the formula -CyF2y+1;
treating the polymer with a perfluoroalkylating reagent selected
from (i) a perfluoroalky! iodide and (ii) a perfluoroalkylsulfonyl chloride in
25 the presence of a ruthenium(il) catalyst.

23



