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In some references, the color emitted by the display can be tuned
25 by changing the band gap (energy difference between HOMO and LUMO
of the light emitting polymer). The change can be accomplished by using
different side chains (e.g., change from alkyl to alkoxy) or by using a
different monomeric unit. An example of the latter may include a polymer
with a single repeating structure represented by (A - B),, where "A" and
30 "B" are monomeric units of the polymer, and n is the number of repeating
units. As one example, the "A" unit may include one, two, or three
thiophene rings in different polymer compositions. When "A" has one
thiophene ring, the polymer may emit blue light. When "A" has two and
three thiophene rings, the polymer may emit green light and yellow light,
35 respectively. Unfortunately, thiophene tends to emit light at a lower
intensity compared to other light-emitting polymers. Therefore, even if it
gives the desired color, the intensity of light at that particular range of
wavelengths may be too low for use in an OLED.
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fluorophore monomeric unit may be different compared to the rest of the
20 copolymer. The copolymer may be useful in electronic devices, such as
displays and the like.
In one set of embodiments, a copolymer can comprise first
monomeric units, second monomeric units, and fluorophore monomeric
units. Each of the first monomeric units can comprise an electron-rich
25  group, and each of the second monomeric units can comprise an
electron-deficient group. Within the copolymer the number of fluorophore
monomeric units may comprise no more than approximately five percent
of the sum of the number of first and second monomeric units.
In another set of embodiments, a copolymer can comprise a first
30 monomeric unit and second monomeric unit. The first monomeric unit can
be selected from:
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are exenplary and explagatory only and are not restrictive of
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wherein:
5 R1 can be the same or different at each occurrence and is selected
from hydrogen, alkyl, and alkyl derivative groups;
the alkyl derivative group comprises an alkyl group where one or
more -CH.- units are replaced by a moiety selected from -O-, -S-,
Co.14 aryl, and - NR'-, wherein R’ comprises a C1.100 saturated
10 hydrocarbon group;
R2 can be the same or different at each occurrence and is selected
from hydrogen, alkyl, fluoro, cyano, nitro, trifluoromethyl, and sulfo
groups;
n is a number of potential sites in a corresponding aromatic group
15 capable of substitution by R1 or R2;
m is from 1 to 10; and
each of the first and second monomeric units may be selected from
a combination of the above aromatic groups connected by a single
bond, ethenyl or ethynl group.
20 The foregoing general descriptioh and the following detailed
description are exemplary and explanatory only and are not restrictive of
the invention, as defined in the appended claims.
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scale. For example, the dimensions of some of the elements in the
20 figures may be exaggerated relative to other elements to help to improve
understanding of embodiments of the invention.
DETAILED DESCRIPTION
Reference is now made in detail to the exemplary embodiments of
the invention, examples of which are illustrated in the accompanying
25  drawings. Wherever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts (elements).
Different formulations of copolymers can be used to adjust or
"tune" the energy levels (HOMO and LUMO) and color of light emitted
from electronic devices, such as organic light emitting devices. The
30  copolymer may principally include electron-rich and electron-deficient
monomeric units. A relatively small amount of fluorophore monomeric
units may also be incorporated into the polymer main chain to adjust the
color of the light emitted without significantly affecting the electronic
properties of the rest of the polymer.
35 The copolymer can be used in displays and potentially other
electronic devices.
In some embodiments, the number of fluorophore monomeric units
may comprise no more than approximately five percent of the sum of the
electron-rich and electron-deficient monomeric units. In this manner, the
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The term “monomeric unit” refers to a repeating unit in a polymer.
The term "low work function material" is intended to mean a
25 material having a work function no greater than about 4.4 eV. The term
"high work function material” is intended to mean a material having a work
function of at least approximately 4.4 eV.
The term "low molecular weight polymer" is intended to mean a
polymer having a molecular weight no greater than approximately 10*
30 g/mol. A "high molecular weight polymer” is intended to mean a polymer
having a molecular weight at least approximately 10° g/mol.
"Room temperature" is intended to mean a temperature in a range
of approximately 20-25°C.
The terms "main chain polymer" or "main chain" are intended to
35 mean a portion of the polymer having the longest portion of contiguous
groups. The terms "polymer side chain" or "side chain” are intended to
mean a portion of the polymer not lying along the main polymer chain.
Typically, other groups attached to main chain are polymer side chains.
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The x and y values can be identical or different from each other.
Within the copolymer, a combination of the electron-rich monomeric units
25  and electron-deficient monomeric units ("x" and "y") typically comprises
from approximately 95 to 99.5% of the polymer. However, in some
embodiments, z may be zero. In still other embodiments, the ratio of
electron-rich monomeric units to electron-deficient monomeric units can
be in a range of approximately 1:100 to 100:1. In many embodiments, the
30 ratio is close to 1:1. The number of repeating units ("n") is typically at
least approximately 2 and no greater than approximately 3000. In many
embodiments, the polymer is a high molecular weight polymer.
In many embodiments, a fluorophore monomeric unit can be used
in the copolymer. The number of fluorophore monomeric units ("z") is
35 usually in a range of approximately 0.1% to 5% of the number of other
monomeric units ("X" + "y") within the copolymer. The conjugated polymer
can have a fluorophore monomeric unit that tunes the color of emission.
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group; 15 n is a nunber R"pote ial sif€3¥n a cofresponding aromatic
group capabﬁWb GED: ; J |m O -
nRy ’i, |nm i " \ m

Ryn
Rn

Rqn
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where:
R1 can be the same or different at each occurrence and is selected
10 from hydrogen, alkyl, and alkyl derivative groups;
the alkyl derivative group comprises an alkyl group where one or
more -CHa- units are replaced by a moiety selected from -O-, -S-,
C,.14 aryl, and -NR’-, wherein R’ comprises a C1.100 saturated
hydrocarbon group;
15 n is a number of potential sites in a corresponding aromatic group
capable of substitution by R1;
m is from 1 to 10; and
the first monomeric unit may be selected from a combination of the
above aromatic groups connected by singly bond, ethenyl or ethynl
20 group.
The electron-deficient monomeric unit can be selected from:
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mis froml to 10; and the first nononmeric unit may be selected froma
conbi nation of the above aromatic groups connected by singly bond, ethenyl
or et hynlwo2g/1ggooup. The el ectron-deficient nonomeri c uni PCTarsObes8se! ect ed
from -NNNRNNNNNRNRNNN'fIT \/ 3 -{O\t/ \ / RRn R2n R2n
R2n R2n N RCN ~j -CN~ -Q-- _0o 7 WD 03/103070 PCT/US03/ 16853 wherein: R2
can be the .or different at each occurrence and is selected from

hydr ogen, al'kyl", fluoro, cyano, nitro, .trifluoronethyl n gr oups;
5 nis a nunber R#cpbethe spme erdiffereny aé@??'%?ﬁ%ﬁ?ﬂée gpgrlrg?‘lglgge;aoup
capabl e of substidmhiy@rden, Bkyl, ddré,feyanepnitrd, trifluonemisthylirand selip be singly
or doubly bonded to "another nononeric unit. Wen the fluorophore nononeric
unit lies withi ¥R nain pol ymer 10 chain (other than at_end-cap

| ocatiogs), the ffisupnmmber of potential sitesuinia corcegpaneling:-PEIRRNC GOYM Rfn ft

\TflnereRifﬂ;H%Rggﬁagng{%@L]aﬁﬁgtﬁorﬁﬁ%%ﬁ?fn Rfn Rfin/ \ / \ RRn Rin Rfn

sel ected the second monomeric unit may be gitngﬁ/a(():rhdc(>)uctﬁ§/J E)E)ﬁggg &' nd is
another monomeric unit.
When the fluorophore monomeric unit lies within the main polymer
10  chain (other than at end-cap locations), the fluorophore monomeric unit
can be selected from:

Rfn i Tm
A @ . ifli
A0
0
Rfn Rin Rin ain T‘:
< b 3

Rfn Rin _an _Tn
R | Y 1 50
s 2 IS v Sy

Rfn

568
wherein:
Rf can be the same or different at each occurrence and is selected
15 from hydrogen, halogen, alkyl, alkoxy, and alkylamino groups; and
n is a number of potential sites in a corresponding aromatic group
capable of substitution by Rf.
The fluorophore monomeric unit may be located at an end-cap
location for the polymer. When the fluorophore monomeric unit is located
20 at an end-cap location, the fluorophore monomeric unit can be selected

from:



15 from hydrogen, hal ogen, al kyl, al koxy, and al kyl am no groups; and n is a
nunber of potential sites in a corresponding aromatic group capable of
substi t utwornshy3oRi . The fl uorophore nonomeric unit nmay bePCaABI®K88E an
end-cap location for the polyrrer V\hen t he fluorophgre nmononeric unit is

| ocated 20 at an end-cap Iocatl n fl orophore/ pononeric unit can be
selected from 8 V\DO3/10307 /USO APBS3 Righ ¥ /1\ /1 [/ | \ Rfn
Rin; Rin I\ Rin Rfn Rfn Rn /YInn/\ wherein: Rf can be
the sane or different at each occurrence and is selected from hydrogen,
hal ogen, al kyl, al koxy, and al kyI am no groups; and R«n5 n is a nunber of
potential sites in a correspongy ng ar@gmapic group “p,, of substitution
by Rf; Alternatively, a fluo re T@ﬂé@lc uni te’ corrprise a dye that
may be used as an end-cap unit. The dye may be selected from RdJO O Rd2N O
NRdz N .1 O/ _N+ Rdn Rdn -03S -0354\ ~N.Njr F/B\E 10 wherein: Rd can
be the sane or different at eachTfoccurrence Ak d is sekected from hydrogen,
hal ogen, al kyl, al koxy, and al 'ky f @ a nunber of
potential sites in a correspong \a C | e of substitution
by Rd. 15 The el ectron-deficient nonomeric uni ts typically include a
nitrogen-

Rin

Rin O O
N

wherein:
Rf can be the same or different at each occurrence and is selected
from hydrogen, halogen, alkyl, alkoxy, and alkylamino groups; and
5 n is a number of potential sites in a correspondlng aromatic group
capable of substitution by Rf; ‘
Alternatively, a fluorophore monomeric unit can comprise a dye that
may be used as an end-cap unit. The dye may be selected from:

RdO 0. 0
40e
~ Rdn
/ |
e Y \ i
N\ N.g-Nx N\ Nog-Ns
e N {7 N
\\ |/
10  wherein:

Rd can be the same or different at each occurrence and is selected
from hydrogen, halogen, alkyl, alkoxy, and alkylamino groups; and
n is a number of potential sites in a corresponding aromatic group
capable of substitution by Rd.

15 The electron-deficient monomeric units typically include a nitrogen-
containing heteroaromatic ring. In many instances, the electronic-deficient
monomeric units include nitrogen-containing heteroaromatic rings along
the main polymer chain (excludes side chains). For example, the



containing heteroaromatic ring. In many instances, the el ectronic-deficient
nmononeric units include nitrogen-containing heteroaromatic rings along the
mai n pol ywerosabgrn (excl udes side chains). For exanple, tRreTASHNEB333 103070

PCT/ US03/ 16853 ni trogen-contai ning heteroaromatic ring may be oxadi azoi' e.

In sone enbodinents, the fluorophore nononeric uynits npy conprise peryl ene
groups. Preiyeganiemtaintndsheferraypaage rig| K 0§ o Wi%m??mggn bel gw Y

i ncl udes sgBoRRAEHISC tHEEH @ rophbRIMOAbRErchitsl MBgebhtisel perplenseri ¢ units
and using those nononeric units to form copolyners. Later in this

speci fi cat B8WPSspeci fic exanples are given to better illustrate and not
limt the Protenhtionaniyyatessis obpolyfers prepari ng the pol yners general ly

i nclude, 10 aro i . I : = Gy or the

fl uor op%or e mﬁﬁﬁ&qughﬁﬁﬁg’g@? @%@@r% fégﬁ%g%bgﬁé ﬁ%%“%g%?%j%’”ﬁ‘& i onal
groups i nfdrditiog afirbonometic amits iendasing these, manemesisiuhitsde &M di car boxyl i ¢
aci d CO”POHQH@ midks.t DGtdrlilf this 'gg:beiﬂgéticgf s?é@ﬁiﬁ%?&a?ﬁmgsw WVBhit§ units having
two brom ne g groups can be Obtaj ned, for exanple, by gi brom nation of an
aromatic betigoillustrate and aeldlimit the BVBBYQhi ¢ aci ds can be synthesized, for

f)ﬁgnnp:qﬁéngﬁi conwﬁdnﬁgswgg@fb@a?j@;ﬁrm@&?ﬁq;ldmﬁ@m!géhérellﬁirﬂd@ar d reagent

n e reaction w i orate. .Di ' I d b

synt he;lzﬁ)zearQ'ﬂ?t"‘egwsefe\%m@éﬁﬂabH?%négﬁ?%?mf ﬁoﬁ@@@ﬁég gorrgglundcf;i 2 ae

?r i ﬁnar d r ergomerindnitdas deserilnéd algove) havirg avaCiinctiohalggraupgonvent i onal
echni que ) ' | QfF ki i tic

conpound a%l@ﬁgﬁp@gﬁy?g}gﬁﬁé Q&gé(?%éé%6%ﬂ?o%€§%’ﬁ|§%§wl{ﬁ(ﬁ§?que. When

starting wcompoubdsner thedik®er s, the pol yneri zation can be 25 done

kel Lt 1 phony | HSAD B SHRRBSIEIY MOROHGRC T [t (o PIamine and i
. | C .

Gi hal | dbs BROURSGRI b ARG AT EXRDPl LY RrinatoR o SBATOlBRG nor 1 sod by
gQUFﬂ Lng lr;eamp'ogga inshiwofuahl. abibororiabeidssian b&spnthesizads fang from aromati c

i carboxylic_ac [ ' [
pol ymer i zaPKBWPl%qu/b%%@?‘?'?@é%’%’“@’y‘g@g‘iﬁ:‘ﬁ%msi‘ﬁgéﬁg"e%ﬁ%éépgnt ~anmount
(on” a nol beagesit toén ayenahingdhayeaaion| with anethytiorate. tPisawoxylit yneri ¢
reasur enenCoFReeT YA 120 YA crRERIg Borofieeaindiey el

measur enent her o )
compound to a Grignard reagent ang then quenching it with a CO2 using a

conventional technique or by a Suzuki coupling reaction from the dibromo-
aromatic compound and caboxyphenylboronic acid using a conventional
technique.
When starting with dibromo monomers, the polymerization can be

25 done oxidatively or by using copper/triphenylphosphine or
nickel/triphenylphosphine catalysis. Aromatic diboronic acids and
aromatic dihalides or mixed aromatic halides/boronic acids can be
polymerized by coupling reactions using palladium catalysis. When
starting from aromatic dicarboxylic acid or mixed aromatic dicarboxylic

30 acids, the polymerization can be carried out by reacting with an equivalent
amount (on a mol basis) of hydrazine hydrochloride. Each of these
polymeric reactions is performed using conventional techniques.
Energy level measurement for HOMO and LUMO and other
characterization

35 The onset potential of p-doping (oxidation) and n-doping (reduction)
in cyclic voltammetry can be used to determine the energy level of highest
occupied molecular orbital ("HOMO") and lowest unoccupied molecular
orbital ("LUMO"). In one conventional technique, the energy levels (in

10



characterization 35 The onset potential of p-doping (oxidation) and

n-dopi ng (reduction) in cyclic voltamretry can be used to determ ne the
ener gy | ewelo3nb3omé ghest occupi ed nol ecul ar orbital ("HOMBCE/tznsi1d86mest
unoccupi ed nol ecular orbital ("LUMO'). In one conventional technique, the
energy levels (in 10 WD 03/103070 PCT/US03/ 16853 electron volts, eV) can

be obt ai ne | ' i 4 £Y0RNEH NQ

el ectroc he%l%%r&ﬁgélﬁteﬁﬁﬁ%\%@ﬁ%ﬁeﬂfgg?t\gfaoﬁnﬁg?klhgaltg@t rode, or "SCE"). The
mol ecul ar Wbe ghtrespandipoelestiachpaigaitpiealiale SYﬁ-iS@H‘réfeéjccﬁom?hdarrent al
characteri%é&%&go@nmtyﬁer sanple. CGel perneation chronatography
("GPC"), nore carrectly terned "size exclusion, .chro hy," can be
used for charactE§ mlg%%wemi @Eél“&cﬁe%%me'grﬁrﬁﬂﬂg@&?%%?i on of

nol ecul ar wah@hinentaltdh@rastbristosof ehhelgmensampley iGat pandeatien f abri cation 10
The present ,invention, al I el ks conpri sing at

| east one &lﬁamaéo%r@f)h%ﬁgpg‘ ?‘iﬂera bgrgapygé@?é%%?%%ﬁ u%‘%lgrﬁ conj ugat ed

pol ymer) pasirbmategrabpbytean hewsed tartchacadtedzationeef malpsHlar weighlr ei n at

| east one @ rs 98 i e copol yner of the

i nventi on. %&c} Q%&Wﬁrﬁ‘ %o%?ﬁlag?{él_ |c|glm%g§mérﬁas an anode | ayer 15 110,
a cat hode |Elgeironisrderiee and dsidabicali9der 130. Adj acent to the anode |ayer

110hi 3 ﬁ)ln opti gg—gﬁe Ibgé@dqyj,ibp%% RiatReItd d_naeie(;trdl;a?iﬁ.dem:jeacent tot 220

cat hode | ayer ) i S . an qptional electron-inject r er :
Bet ween thecqu@S'nﬁjaéi‘?qﬁgI?Pﬁ%[ﬁ@'ﬂ'&ﬁc 'V%ﬂ?tei'ég&ghgﬁ\f %eS%(@ cﬁ%édjé:lt @altyer 150
(or opti onatorfligatedqolympeqiositivhiedaetween twayastectiiaal) cargagtihayesst i ve | ayer
130. 20 The copol [ '

i nj ection/ tWﬁﬁ%ﬁ%wﬁra%/gﬁa%(sl?g%Pﬂéﬁh\%&?\g&eﬁﬁggﬂpﬁg@w%gﬁf el ectron-
i nj ection/ tt’n&riepemﬁon.a&ersh@w,ln(ﬁlGaﬂlyaéwlﬁé

_ vicshhahan 25PIe 1T dev i co may
ot et TH3 LA BN Sirahdeh agutiy o, macinieeie 0
i s adj acentlayge1 éﬂcb‘éiénI%‘@Pagﬁ@?"%ﬁﬁt'@ﬁﬁﬂ??o Eﬁ%’erﬂgsf :Aecﬁ%‘%%fg t(%)gﬁeri gi d,
organi c or kappaanayer 1BMieran dptiorgll ekstron-ihjeetiobitanspod dayer 140l ns are used
For i eot1 RgMTL B anpdRERlontRbSo T IErd 2P Eine] ffod vRr 507 T ent
i ncl ude mat @ricdtivnabeleatronigeatiordtranspart leyer ﬂééhis,thg@oqua ayer #8Pal oxi de or
im'nxgj;)u saLTﬂéicgﬁﬁh’ﬁE%&?%&%{‘ﬁga %‘k)é\d%ﬂgéyig@ ukB8 in {R‘@Ha.ell netals, the netals
injection/transport layer 120, the active layer 130, the optional electron-
injection/transport layer 140, or any combination thereof.
The device may include a support or substrate (not shown) that can
be adjacent to the anode layer 110 or the cathode layer 150. Most
25  frequently, the support is adjacent the anode layer 110. The support can
be flexible or rigid, organic or inorganic. Generally, glass or fiexible
organic films are used as a support. The anode layer 110 is an electrode
that is more efficient for injecting holes compared to the cathode layer
150. The anode can include materials containing a metal, mixed metal,
30 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 layer 110 is to be light transmitting, mixed-
metal oxides of Groups 12, 13 and 14 metals, such as indium-tin-oxide,
may be used. Some non-limiting, specific examples of materials for
35 anode layer 110 include indium-tin-oxide ("ITO"), aluminum-tin-oxide,
gold, silver, copper, nickel, and selenium. The anode may also comprise
an organic material such as polyaniline.
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transition nmetals. If the anode layer 110 is to be light transmtting,

m xed- netal oxides of Goups 12, 13 and 14 netals, such as

i ndi um t iwoamsilok®70 may be used. Some non-limting, specifipcTasaspdsses of
materials for 35 anode |layer 110 include indiumtin-oxide ("ITQO"),

al um numtin-oxide, gold, silver, copper, nickel, and sel enium The anode
may al so conpri skhe anode tpyeir d 16unay balforued by ghamisal of plysicel WO 03/ 103070
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in layer I30p aﬁ%s&&éﬂﬁ%i@%ﬁté@h%e@@f&vﬁéi kidvivh QithR e

i nj ection/transport conpris

N, g' Iadi?Qemmﬁﬂgrﬁgpit@r@gmeg%)_b[ #Tbléibi phenyl ]-4, 4' - di ani ne ( TPD)
and bi s| 4- (N, Bpohie? hbiomwBempld {randpontredtytiglbémidyeret hane
(MPMP) ; hol r ansport I Lnyl. PVK) ,

(phenyl net hﬁé'p@l%%i ff‘a %l%{&ﬁi@ﬁ%{;I?%@ﬁﬂegﬁ(géﬁh%t"ﬁ%%ﬂéﬁ%@ (PED)OT), and
pol Kani I iAfnicc(r'ﬁ’ﬁaﬁ&é N,NdiphenyiHit N -bis{Bevethytphemyl)Hd) e-biphenyfich4ng materi al s
such as 4, 4:-N.N NN BOPY ' P tti i al
wi th good h%lﬁgmﬁ\ér gﬂg%g%ﬁ ag)gé[%r(gq{éﬂ@ Qzlggﬁﬁﬁfgsm%ﬁﬂ@t% ggn%g} tnz): ggcgarr:)gtrjlngs,s

i ncl uditdy  methimhentinsthgoe (WFAMR) ApleiraasRqrapetymeass SHER 3Bj ke. In sone
enmbodi ment Spolﬂin}llﬁﬁr%@@\yl’q,I(Nh@'fylMBm))II)fpbB/siIQII@,OédI?(Iﬂ,ét-r ansport |ayer 120

Cequi red artinyieseRsputhiap e REEIR: BBr P e gt o8 B e anode
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B N T
j et priditinpropertasnstich aachelatachoxinoid asmapeunds, d1clydipgi cal vapor
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embodiments, if the conductivity of the hole injection/transport layer 120
can be made similar to anode layer 110, the anode layer 110 may not be
required and the hole injection/transport layer 120 can act as the anode
25  for the electronic device. ‘
The hole injection/transport layer 120 can be formed using any
conventional means, including spin-coating, casting, and printing, such as
gravure printing. The layer can also be applied by ink jet printing, thermal
patterning, or chemical or physical vapor deposition.
30 Usually, the anode layer 110 and the hole injection/transport layer
120 are patterned during the same lithographic operation. The pattern
may vary as desired. The layers can be formed in a pattern by, for
example, positioning a patterned mask or resist on the first flexible
composite barrier structure prior to applying the first electrical contact
35 layer material. Alternatively, the layers can be applied as an overall layer
(also called blanket deposit) and subsequently patterned using, for
example, a patterned resist layer and wet chemical or dry etching
techniques. Other processes for patterning that are well known in the art
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120 are patterned during the sane |ithographic operation. The pattern may
vary as desired. The layers can be forned in a pattern by, for exanple,
positi oniwg oa/ipavda er ned mask or resist on the first flexi pca/usovngsssite
barrier structure prior to applying the first electrical contact 35 | ayer
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conver{s tOdFré’ﬁlm Vﬁ@éndépdéiti@ﬁn' prbcBysdis dlebeadimg Widiethe rsaturecef e ext er nal
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reduce thes? €l 1 hoo hing reac | ayers 130 and 150 woul d
ot herwi se be i nOgptippst layebidGean ftmmm kathde f@%ihtéﬁq elestreBr opti onal | ayer

éﬁgn;ﬂr < Héﬂ&;fo@ggagrgsﬁpaﬁgﬁaﬂsdgéé%'& &‘Bﬁﬁg@ldlﬁ%r OF cOnfindthént 18y eH@ﬁ i ke)
0- phenant hPEIVERE QUEREIHPG: ngac tipng aé%ﬂ-gﬁgqe PCED %aﬁ?@ﬁ&'&?' ¥12 GYrDP or
the |ike); 120 hgy prsmplewsiestrdren®bility and reduce the likelihood of a
2-(4-bi phenMeXcﬁlng éactlonbﬂEJ aXIePsh?g(y a}1d]15%y oBP&%ﬂhsmég be in direct
contact. Examples of materials for optional layer 140 include metal-
25 chelated oxinoid compounds (e.g., Algs or the like); phenanthroline-based
compounds (e.g., 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline
("DDPA™"), 4,7-diphenyl-1,10-phenanthroline ("DPA"), or the like); azole
compounds (e.g., 2-(4-biphenylyl)-5-(4-t-butylphenyl)-1,3,4-oxadiazole
("PBD" or the like), 3-(4-biphenylyl)-4-phenyl-5-(4-t-butylphenyl)-1,2,4-
30 triazole ("TAZ" or the like); other similar compounds; or any one or more
combinations thereof. Alternatively, optional layer 140 may be inorganic
and comprise BaO, LiF, Li;O, or the like.
The cathode layer 150 is an electrode that is particularly efficient
for injecting electrons or negative charge carriers. The cathode layer 150
35 can be any metal or nonmetal having a lower work function than the first
electrical contact layer (in this case, the anode layer 110). Materials for
the second electrical contact layer can be selected from alkali metals of
Group 1 (e.g., Li, Na, K, Rb, Cs,), the Group 2 (alkaline earth) metals, the
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("PBD' or the like), 3-(4-biphenylyl)-4-phenyl-5-(4-t-butyl phenyl)-1,2,4 30
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al um num iRaguesiuEwBAdFAMalBER; um yttrium and nmagnesi um and
conbi nati ons, mEPh@LEMOdE l8FErdt 50 Bl fomesd by @i dHonticaMampysicab!

materials for the cathode |ayer, 150 5 inpcl ud arium .lithi cerium

cesi um eur'GRAISEPPHIORRIAFS tIPiQﬁﬂermrrﬂb%‘é@ﬁ%Bﬁ]e I%"%‘hr‘?&r‘?%ﬁm%‘ﬁ’e cat hode
layer 150 ias disuasded aboveein rejerancé éorifenbnode pyesildlandvegimnatieposi ti on
Bhove 1 r e RElTe pohMer Bt PIRE dhiel 188 MR BRMREy. 18 et rve
pol ymer | ayeathadelayer 150enay beqaticreed ite suhstantially pgraliehgtripgat hode | ayer
150 may be \pRéfcShBYEndths Of Shd ehfdidedber Qﬁ?@b&@ndﬁh@u%tantmﬂ}?ﬂ%the | engt hs

f th t hode | . St te b t ly t di ti d
aubst ant | al ST BEIBENRR 20 SUbBlERLY PERENACUR" oribederstfs of Hernads s
El ectroni f: leyenstrips. EXdtezhipelkehentarcallédpivets ate fonmedraidke thogsoi nts (where
an ano a strip int t. e - rr
AT I R S T R
may be prestbetariay isiseendreyard plaplardop vieve). devi ces. For-exanple, a |ayer
(not shown) bet Vﬁ%tgghgmbﬁanﬁ%' 4EdiRBhAITE el @ity bebraSeni WiniAct | ve | ayer

130 may facilitate ositive charge tran , band- mat chi ng of the
| ayers, furORBI¢ electEonidsVicesi FOrexaEIRle R PGM% (rl‘q’t@.o"‘%]%ﬁ%qt‘ﬁ??@'f‘h%ddi tional
| ayers (notcsitRitive poiinedayéi2@and e hawas 1al/8P 130 endyfaciligsteode | ayer 150
may fac2| litate,. nﬁg%tlvte chargg tcrianspor{ .banpt-ha} mat hl? bet ween t he
| ayers,20 f PRETIVSHCTIIOS HANSPEHy PaRcIapdpataling gl F%i %é‘?‘rsLﬁwg 'gntaﬁaq are known
in the art pbtedivebayersedthe likeadSimilaoly, addijionél lapersgbovshaleskri bed | ayers
can be Made,qofchWRe HctilBidyer 380" shd te! GitRaAL YJe¥ 158 HEy Pcifthe OF 1 norgani c

anode | ayer _
negative charge transport, band-gap matching between the layers,

function as a protective layer, or the like. Layers that are known in the art
25 can be used. In addition, any of the above-described layers can be made
of two or more layers. Alternatively, some or all of inorganic anode layer
110, the conductive polymer layer 120, the active layer 130, and cathode
layer 150, may be surface treated to increase charge carrier transport
efficiency. The choice of materials for each of the component layers may
30 be determined by balancing the goals of providing a device with high
device efficiency with the cost of manufacturing, manufacturing
complexities, or potentially other factors.
Although not meant to limit, the different layers may have the
following range of thicknesses: inorganic anode layer 110, usually no
35 greater than approximately 500 nm, for example, approximately
10-200 nm; conductive polymer layer 120, usually no greater than
approximately 250 nm, for example, approximately 20-200 nm; active
layer 130, usually no greater than approximately 1000 nm, for example,
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110, the conductive polymer |ayer 120, the active |layer 130, and cat hode

| ayer 150, may be surface treated to increase charge carrier transport

ef fi ci encyo 03hesochoi ce of materials for each of the conpomemtushayesss nay 30
be determ ned by bal ancing the goals of providing a device with high

devi ce efficien A e CcOSt.. f ' i n

co\r/r;:)l exiti égbroﬁ%ﬁﬁ%ﬂ9@| '?@ §{>H§'ﬁalg@{:r%+o@’_ I&%\P ?%oﬂgﬁpén%tépmlnt gt olimt,
t he di f f er apprdxipately 8§ naver eh@npfanalp@m)ﬂ@aﬁ%ma@g&ﬂ N ABknesses:

| norganic aafeel |§¥§f 190 sulfyAbldfefi@r tin BpERb@NatAOGARY dai et el y_ 500

p
nm for exanp r oxl - m conductiv ol r_l.ayer 120,
usual |y noecyaewlie rapexmaigly $%Pm-yl?f5®aﬁﬂ$e qyprgggr%ﬁg‘,ea Cgh%i mat el y
20-200 &M | Ak i1%0 ndediéab tlardmitistiabbysamedivhtities thiblavessppirsuchrtayer y 1000
nm for exa 14 03/ 1030% US03/ 16853 approxi mately 10-80 nm

| e, 0 P
optional | nqisexcesd ARRrIRREY %™ han  appr oxi mately 100 nm for
exanpl e, appr oxiDepgeridihc?Op@odthenapplivationtdidioe elegjronicidryicaidbalacliveio gr eat er
t han approxi nat.el 0 ar . LIt st YicRSr@den iz | f the
anode | ayeTayﬂC?%g?/C%%@e %g{gﬁggfe’n 't@éﬁg@ée'ﬁhfggpén%gg@tl? %’19 anshjt at |east sone
i ght, thein hilightesttiog dieds) arayleyer atpaieialdhalseapappt KXIa®aY y 100 nm
Dependy §g léﬁ%%f’gﬁ ﬁﬁd geﬁbfaﬁéé h&igredl WitheorlvRsbUitH appiRad sstentisigsacti i ve | ayer
130 can be a [Tght-emtting | ?%/)er that is aft |tvat e(gl bé SWEA such as in
a | i ght - enastdetgciorsaryoliRic gellsly &xammplpg Of Slegironicfeviees, Po radiant . 10
ener gy and rggpsiciciadiarticpieedy ard Selected frdrayshotocanoipictiee celig,ent i al  (such
as detector r voltaic cell r.on i t hat may
respond to P%&’Eﬁ”&ﬁts"%fﬁePB‘ilOaW@‘l@%%ﬂS_g%ﬁ?Sg%O%%ﬁgd_oné{’;"& ?é’egrg% | s,
phot or esi stphosovaitait calls. tAfterseaghngt this spedifiaation, skiter prisess wikbe and
phot ovglt ai ' 4t theF RRFiidUISEPNRatiGHS.| TRE light-i sans wi | |
be 15 ggpatﬁ%ggg‘é @eﬁﬁétﬁﬁgﬁ%@@@y( S _ef r tlheif i%ht | cul ar apﬁhi cations.
The |i ght - esmitting m@teraleMay ke disperredineg Bty of Aot Materials Wi ot her
nﬁt erial, wWdidwitRme éllddiﬁ\)@ét, baﬂg&dfémwl fobﬁia et afomel. yTHeorotive | ayer al one.
The active organic er 130 ner. ..t hi L0 J: nge of
appr oxi mat é?rgag@g%‘%fo efﬁal'ﬁﬁﬁﬁﬁﬁwf‘ﬁ%mth&maf‘égg’g%g;"godé@?‘“ﬂ ectrons
and hol es, 503pe0thee from the cathode 150 and anode 110 | ayers,
respectjvely intg t | : [Bgh b $rompd
posi ti \[?QI y char dgd)og}gp%‘r:l%h\s{%%‘Hm&%%%%’iéqngétr&%gg%ﬂgoIsér ns mgrate under
t he i nfl uertbe cathadee15ppnd emodel Eid layers: respectivelyinteghg asVar on exci t on
wi th an oppgsihgl layela80ebrmesdative and positively charged polarons in the
polymer. These polarons migrate under the influence of the applied
electric field, forming a polaron exciton with an oppositely charged species
25  and subsequently undergoing radiative recombination. A sufficient
potential difference between the anode and cathode, usually less than
approximately 12 volts, and in many instances no greater than
approximately 5 volts, may be applied to the device. The actual potential
difference may depend on the use of the device in a larger electronic
30 component. In many embodiments, the anode layer 110 is biased to a
positive voltage and the cathode layer 150 is at substantially ground
potential or zero volts during the operation of the electronic device. A
battery or other power source(s) may be electrically connected to the
electronic device as part of a circuit but is not illustrated in FIG. 1.
35 As demonstrated in the examples below, blue, green, and orange
light emission can be achieved. For electronic devices with a green
emission, quantum efficiency may be as high as approximately 3% when
PVK and barium are used as electrodes. Polymer LEDs with relatively
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25 and subsequently undergoi ng radi ative reconbination. A sufficient
potential difference between the anode and cat hode, usually | ess than
appr oxi mewelog/163d7wol ts, and in many instances no greater PAAMNUS03/16853
approximately 5 vol ts may be applied to the device. The actual potential

conponent . NG siFBRERsBRRlipERSo HBsBRey fz¥5%f3° Bl G ©
posi tive valstaigje netdl asthe aathode. IFoysevesd polynersstissderiee withy ground
potental @lurlf a&h&aeﬂ%'rf% *tﬁjaa%gmaéfpaané*}t h%'s%?ﬁéﬁ@tli%edev' ce. A

battery or "ot her power source ectrica %connecte to the
el ect r oni cWib\a b@"% Gadhad QafAélLtﬁnit‘@’Glef"Eiﬁﬂc){ @rgﬁftt AhiapredMéelyn Fic 1. 35

As denogist Reg EﬁnngdI%eSEagW%?r Q)Eéspidenﬂhétﬁm @fa?ﬁplesaél@rmme li ght

eni n can

e oAby

ar e/ used/ asbstwetisodes }‘orl%m almmmwmmthod@ deeicatwithelug ahadditicl 103070

PCT/ US03/ 1 ' efd: ]l i L e ' Su al so be

fabricat edggg\%ﬁgméﬂgé{ 'a&f'@&éné{e@{mgh '% Hé%lhggk%?tﬁg%aﬁ'”}t?éba 3M/lrrer s, the

devi ce wi t in pectiodlrapplicationsie has hi gher quantum effi ci ency than t he sane

devicejgWiih 2 Rfldknidé @ge[aw SoaB MBS bmb@aweh@rmhet han
Yo USi N mer

approxi mat el y 9 .(as 1dent n exanpl es
later in th§ntI§5@quaé@& qi%tﬁ)l E&Wsléowm %%awaﬂﬁgun%afﬁays ﬁﬁht@ quant um
ef ficiencyexahippdsyed so far for an al um num cat hode device w thout an

addi ti onal cathaije buffr@{ﬁl Si nce al um um Is relatively stable in air, it
can be usef ul "B‘?ac‘ﬁ 386 ?g%%{?lrﬁﬁ " 10 The exanpl es bel ow serve to
illustrate errbomnrnantxmb@f aivbmge mwkawiam/velgh’gr eater detail. The follow ng

abbrev'hﬁ]i ons u Ie&ﬁé‘mbﬁﬁt cd/ n2 :_candel a per square
nmet er = wei ght average

ave age cul ar

nol ecul ar wei ghf%mlmgﬁiﬁﬁ){)@\" Mn))%lﬂﬁ%ﬁﬁ')mﬁ@ bc‘{e@Bpm ned by GPC.
EXAMPLES The first set of exarrpl @(AW]PLE@ES descriptions related to
preparing suita

Ceet i n 020"t he gt Srapiibe BRURRAescHREoA B B ep gl o <
i ncl udes @e'ﬁahslemremnsom‘ foc cnmﬂqnmrrs arymbhesiess tHaKARRIHE later used in
20 the synthesis of the copolymer. The second set of example includes
descriptions of copolymer synthesis.
EXAMPLE 1
The following example is used to exemplify the synthesis of 3,7-
dimethyloctylbromide for its potential use as a side chain within an
25  electron-rich monomer. The compound has the following molecular

structure.
Br/\/k/\/k

A solution of 3,7-dimethyl-1-octanol (approximately 130 g or 0.8
mole) and pyridine (approximately 1.9 g or 24 mmol) can be stirred and
30 cooled in ice/water bath, to which phosphorus tribromide (approximately
220 g or 0.8 mole) can be added dropwise. After addition of the
phosphorus tribromide, the mixture can be stirred at room temperature for
approximately one hour and at 50°C for an additional hour. The reaction
mixture is cooled down to approximately 0°C, and then treated slowly with
35 excess amount of dilute agueous KoCOs. The resulting mixture can be
extracted with ethyl acetate, and the combined organic layer can be
washed using water, and then dried over MgSQO4. Evaporation of the
organic solvent can result in a crude product, which may be purified by
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The follow ng exanple is used to exenplify the synthesis of 3,7-

di met hyl octyl brom de for its potential use as a side chain within an 25

el ect r on-woah/1pmoner . The conpound has the foll ow ng nol @colE03/16853 uct ur e.
Br A solution of 3,7-dinethyl-1-octanol (approxinmately 130 g or 0.8 nole)
and pyridine (approximately 1.9 g or 24 mmol) can be stirred and 30 cool ed
i n i ce/ wat eacinah ldjstillatio (@pprokiosatslyr 160-1 041C/6moeHgahsobkemat el y 220 g or

0.8 | o/hh h h

Cri brom dePERaeh i YOLORE IR oo dEh) 108 @om 2, Brosor S

appr oxi mat el y orié-NMBr(%ﬁMtht &GoCis) oppari hdd. Gl(mngﬂ bmethytaee) eact i on
mXxture isq ddfow i P éth fe%'éf?d ﬁi@fq;ﬂﬁynép@ 896 3K epterl, HowW y with 35

excess am)unt of aqueou g resulting mxture can be

ext racted WMathylbt§(l (%c@ﬂai‘eﬁH%Mr"t‘@f Yidombi ned organic layer can be washed
usi ng wat egxsmeLiEen dri ed over MgSO4. Evaporation of the organic sol vent
can result Tn a _crude uct . which Y. urd fi b WO 03/ 103070
PCT/ US03/ 16853 N S GXeaP & oY Pk O e 239'&”%2'86%’1)@@]5 mm Hg

absol ut e pdissmoéiiorefee which dambyg Ltsedaq}qoalmlelewvel-rycmmngn(QS% 1H NWR
(200MHz, nggaq %ppm 3.3-3.6 (m 2H, Hnmethylene), 1.1-2.0 (m 10H,

H et hyl ene ancP met hyl i dyng), 0.89 (d, 3H J_Hz H 5 nmethyl), 0.87 (d,

6H, J=6Hz, H nethyl). EXAVA e, synthesis of

9,9-bis(3,7 -dinethyloctyl)-2,7- om)fl uorene whi ch can be used as an
el ectron-rich nononer, is desc <@- Br Br A stirred nixture of

2, 7- di b9 onof | uor ene (apprOX| mat ey’ 25 g—or 77 wmol) and di net hyl sul foxi de

(" DVBO') (appro | iR m.ﬁéﬁé&*éme r?oﬁUdréH@ ;se%sz.nb&e grcﬁ-ck Catal ytic

anount s of benz triethyl amoni um ch 19 g or 0.85

mmol ) and H?ma'daééd’ém@mﬂtsplf‘ﬁx@ﬁ l%“’@&i’b &ﬁﬁm%'%g%@ @?%1 WHers0 wei ght %
appr oxi mat ﬂltbbgb?\%efﬁ be pPepdred. i@hiél@ftlb@rﬁdimwa bé%lmemmmmomum

3,7-Di h | b d 160 dded
it opw e abBIFHE APREBTERERE0URs PER S mith), fod PpliflB i & 290
appr oxismat ebdlum\bydimurcm (naimiral Shwkeigid%, Bhproxinataly 4 26egl) beayelse r act ed by

ethyl acetgyge4 %«%‘ ﬁueeﬁ%%% gw-qjgggé’r %gy Bﬁnéﬁ¥ﬂctﬁ&o%8e?§pﬁr%§ﬁ'ﬁ§feﬁﬂ36 washed

wi th water, and
g or 160 mmol) can be added dropwise and the mixture and stirred at

approximately 100°C for approximately two hours. After cooling, the
mixture may be extracted by ethyl acetate (3x150ml). The organic layer

20 can be separated, washed with water, and then dried over MgSOs..
Further purification by column chromatography (silica gel, hexanes as
eluent) can produce a greenish liquid product. The yield is approximately
40 g (86%).

"H-NMR (200MHz, CDCl3) § ppm: 7.52 (dd, 2H, J=8Hz, 2Hz,

25 fluorene ring), 7.46 (d, 2H, J=2Hz, fluorene ring), 7.43 (d, 2H, J=2Hz,
fluorene ring), 1.8-2.0 (m, 4H, H-methylene), 1.38-1.50 (m, 2H, H-
methylidyne), 0.90-1.20 (m, 16H, H-methylene), 0.81(d, 12H, J=8Hz, H-
methyl), 0.69 (d, 6H, J=6Hz, H-methyl), 0.35-0.65 (m, 2H, H-methylidyne).
EXAMPLE 3

30 In this example, synthesis of 9,9-bis(3’,7’-dimethyloctyl)-2,7-
dicarboxylic acid (D1-76), which can be used as an electron-rich
monomer, is described.
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Further purification by colum chromatography (silica gel, hexanes as

el uent) can produce a greenish liquid product. The yield is approxi mately
40 g (86%vO 03HBIR (200MHz, CDCI3) b ppm 7.52 (dd, 2H, JPEHAISORHB53 25
fluorene ring), 7.46 (d, 2H, J=2Hz, fluorene ring), 7.43 (d, 2H, J=2Hz,
fluorene ring), 1. 8 2 0 (n1 4H H net hyl ene), 1.38-1.50 (m 2H, H

nmet hyl i dyne), 0,,90- H neth 8Hz, H
methyl), 0.6 (42 9893'”571 ing 2Py a’?’e&?g? 9 g@%ﬁﬁ“@%ﬁet hyl i dyne) .
EXAMPLE 3 ﬁl@cdad\ in ialrmmmahﬁﬂ)@mlsfbaskmdl preb&ated to approximately 100°C

9,9-bis(3'y, e(]i ndcirp‘?ﬁ éé’bﬁt X't}age gmoghf:élr Be?ﬁ)él (1ba§ W&%@bac%@b@h can be

used as an , 03/ 103070
PCT/ US03/ 18¢dsy falleyeskty,first oam Qf@sqlaﬁzm @&9@&'@@(5’3/ 75dimgthylocdy)-éafol ) can be

glrscadtsr g gle&ﬁbﬂ@ére'f:’l@ Qapbrdimatelpad wmafirﬁdnwap?mmam ¢y ngOOC dgnger
n e adde

f ol | owed b9P<1’“’Yrt§¥raEﬁ&@?‘gﬁna‘t%@{)uﬁ%g% the g@g‘g'oﬂl IS (1 'ghiz‘édo(iagg%w{} f5eiy1)-2,7 5

gl br omof | lﬁb mcélaparsapp@ataicg &fhg sofutdd),nthelrpsi parkpptiexsotatient y 128 i gf

ry tetra u L.t ac | f%ﬂ:} i ndi cate

by the coI ?ﬁ@‘%&’a rgﬁévés é'ﬁﬁ@ {S?“n Aﬁmph%dpgls %é 6 ?le sol ution

cant be addaftb(tdra)mm be raﬁ?mﬁ ﬁnrgpprmmatalvme hdg&‘ W%deltwggb reac]t i on

m Xt ure, ca our and an additional 10

appr ox?orrat gP@'%fgﬁHr%W??orm f%"[@%ﬁ@%ﬁe a?&q % The reaction ture is then

cool ed to room TBapeasian @DﬁHt’P sttBan copledkiodPpaYtaPed rﬁé}“ §§k with

appr oxi mat %Msf@%d(lo(éncﬁhér fidgk wﬁﬂﬂgppmxﬁhafe@y 560 ghﬁf dir’ylldié ethei th a
mechani cal stirrer n m xture.

t
After an eXWddEe S%En It'6rfedd¥§h @Crge?lgarigales\pérﬁapg{ E@ry '3?)[5% ‘g?ﬁﬁ@[(%c?y 1000 m
of nom nal witA%héyemction mitereacAfiercam extessoaidednt of drydce ési due. The crude

D a5 e YRS BLES. o ALY 00l SySifinefishPRIGHBAIGRL did tart 1 on. and

washed uri
recrystal | beadded tﬁrtbenrwdye ér@@tqu@e@wdtmtmbemwpﬁaf@é@ﬁa as a white

;g'm' d8 Igemts's%ueaigomeaiap;fﬁatm ahy vﬁa?sr@d(aﬁﬂ@ watér. ' AftdMRyn@OOMHz, DVF) b

2H, fluor e%}&!{hqrﬁ?@'f |f|c§t|q§Byggcwg{allgﬁhom_fnﬁo%?ﬁw @ﬁ%l)a © rfggg’“ria@%?f{‘ﬁs ga s
H et hylid Ftﬁ)uct 8s3Pwhitd Golidn TheHielticandiegpprogimat@ly’d7 od70%)H, J=6Hz,
Hmethyl). 0. 681(dymBtoobVZ DIAF) 5 ppm: 8.19 (s, 2H, fluorene ring), 8.11 (s,

2H, fluorene ring), 8.03 (s, 2H, fluorene ring), 2.1-2.35 (m, 4H, H-

methylene), 1.30-1.50 (m, 2H, H-methylidyne), 0.90-1.10 (m, 16H, H-

methylene), 0.77 (d, 12H, J=6Hz, H-methyl), 0.68 (d, 6H, J=6Hz, H-

methyl), 0.35-0.65 (m, 2H, H-methylidyne).

25 EXAMPLE 4
In this example, synthesis of 9,9-bis(3’,7’-dimethyloctyl)-2,7-
fluorenebis(p-benzoyl acid) (D1-82), which can be used as an electron-
rich monomer unit, is described.

o) Q.Q oo

30 A mixture of 9,9-bis(3’,7’-dimethyloctyl)-2,7-dibromofluorene
(approximately 12 g or 20 mmol), 4-carboxyphenylboronic acid
(approximately 7.2 g or 43 mmol), tetrakis(triphenylphosphine) palladium
(approximately 1.2 g or 1.0 mmol), benzyltriethylammonium chloride.
(approximately 1.2 g or 5.2 mmol) in approximately 120 ml acetonitrile is

35 made. An aqueous solution of potassium carbonate (nominal 2 M,
approximately 120 ml) can be added to the mixture. The mixture can be
heated to reflux under nitrogen for approximately 72 hours. After cooling
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methyl), 0.35-0.65 (m 2H, Hnethylidyne). 25 EXAMPLE 4 In this exanple,
synthesis of 9,9-bis(3",7 -dinethyloctyl)-2,7- fluorenebis(p-benzoyl acid)
(D1-82), wbioshom®man be used as an el ectron- rich nonomer um®CT/USO¥1@6BCri bed.
HOOC \ COOH 30 A m xture of
9,9-bis(3,7 -dinethyloctyl)-2,7-di bronofl uorene (approximtely 12 g or 20
nmrol ), 4- cd0 boxygaspdrawrehydrachidric aaidipinoriinglt B%, approyimately2Gahol ) ,
tetrakis(try | | ' T 1.0 mmol),
r’h@ F?Qé(&ié’&‘&?ﬂ{célhmu%gfﬂh%cﬂrg% g?@tﬂlf&t%h@é gﬂéézlﬁta%&aQQ

benzyl triethylamoni um chl oride. (approxi mately 1. r 5.2 mol) in
appr oxi mat YHitersalidsisclaied fﬂ'FrﬁT'@n’i@‘g‘?!a USIRG WRIGEoAECEBIYRG-0n of
fﬁt assi ;Jm GRé '@ﬁﬂ% srdmlmbaﬁlbegpdwieda{m(rje@{vsmtiﬁmrﬂﬂ&nrﬁ )ni@ttarebe agded to

e m xtur e m xture can be. hea o_reflux, under rogen for
appr oxi rat g‘l'ﬁ/‘gﬁﬂdﬁ&?&%f."ﬁ%&‘?-t EPecyé%QicﬁBebel%PWtﬁ%? fb@ggﬁ (é%)USOBI 16853 to
room t enper at ur é H-RR ¢200M Hize d 2BIMF X 1ppinn 81151 &\AHh pFBbiZ, iat el y 200 ml) is
added to t ' f r u canope LA white
ol d. 1 sl RHERBY 05 [Pttt TuoRbriel Bloafn ohE tAGHERe) 2. 08 @ o™ 1P
crude produeBHzahl-benzend)s 7V &b (9d.rakt,rJm8Ha, UF2hig; birflyarepreh #@xdfre of 5 THE
and acet onig ighe-H-Fsh ieg.lef £.25-10£ 42RR1, 2H, FRheathyliddng) (B 880114 inNVR
(200MHz, dfhbwfg’rb prry 15 ?d, H, "J28HZ, H. ben . 8. 8%,’ 2H,
Hf 1 uorléne)16Hs. 4“%‘8)"92‘9)’ W?I(Go?éﬁ 5 @ZHQ@I ‘?}hylil-(ﬁggi'aéﬂg‘?ﬁ nzene),
7.85 (dd, Mmelﬁ%lg, 0.45=®.88 (nt;i2H, vprsieylidyBeR- 2. 4  (m 4H, H-nethyl ene),
1.25-1.1. 4 5H— met hyl i dyne), 0.90-1.10 (m 10 16H, H nethyl ene),
0.72 (d, 12MYESEY Hnethyl), 0.69 (d, 6H J=6Hz, H methyl), 0.45-0.65
(m 2H, H net hyllhdiisexaniplaMyriEhésis of Ot8-bis¢X esthylbexyy-dthesi s of
9,9-bis(2 - L= = hdihr el as an
el ectron_ricﬁl&%ﬁ@ﬁfﬁefvﬂnclﬁié&@%@ég%%@%Ieéﬁéﬁhgﬁﬁﬁ’?ﬁnﬁ%’we can be
cr eat edSandiasgibede 2, 7- di br onof | uorene (approxi mately 60 g or 190 nmol)
N2. Catal ytic amounts of
benzyl tri et hyl ammoni um chl ori de gpproximately 0.46 g or 2.0 mmol) and

aqueous NaOH sol ution (nom na 6 % approximately 300 nlL) can be
added to the stirred m'xtureB. '

A stirred mixture can be created and include 2,7-dibromofluorene
(approximately 60 g or 190 mmol) and DMSO (approximately 600 ml)
under N». Catalytic amounts of benzyltriethylammonium chloride

20 (approximately 0.46 g or 2.0 mmol) and aqueous NaOH solution (nominal
50 weight %, approximately 300 mL) can be added to the stirred mixture.
2-ethylhexyl bromide (approximately 75 g or 390 mmol) is also added
dropwise. The resulting mixture can be agitated at approximately 60°C for
approximately two hours. Water and ethyl acetate (approximately 300 ml

25 each) can then be added to the reaction mixture and stirred for
approximately 15 minutes. The organic layer can be separated, washed
with water, and then dried over MgSQ4. After removing the solvent, the
product can be purified by silica gel column chromatography and eluted by
hexanes to produce the product as a pale yellow oil. The yield can be

30 approximately 73 g (73%).

'H-NMR (500MHz, CDCI3) & ppm: 7.51 (d, J=8.5Hz, 2H, fluorene
ring), 7.48 (d, 2H, J=5Hz, fluorene ring) , 7.44 (d, J=8Hz, 2H, fluorene
ring), 1.94 (m, 4H, H-alkyl), 0.64-0.98 (m, 22H, H-alkyl), 0.45-0.56 (m, 8H,
H-alkyl).
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2- et hyl hexyl brom de (approximately 75 g or 390 mvol ) is al so added

dropwi se. The resulting m xture can be agitated at approximately 60C for
appr oxi mewelog/103800 hour s. Water and et hyl acetate (approxi Pamaisyg3/s@e3 m 25
each) can then be added to the reaction mxture and stirred for
approximately 15 mnutes. The organic |ayer can be separated, washed wth
wat er, andEXAMPHEI®d over MySO4. After renoving the solvent, the product

can be purified iSial L ’_(é@ﬂmp _eluted by hexanes
to produce the ﬁg‘dﬁgkbg@%ﬁgggﬁ%s%%\% tglg@ The é%@?%#can be .30

appr oxi mat 8Hgrenedicarbauylic agid mémm capig ByeG ap g electian-figh j=g. 5Hz,
2H, fluorefgondrh&®)s désébddd, 2H, J=5Hz, fluorene ring) , 7.44 (d, J=8Hz,
2H, fluorene ring), 1.94 4H, H al ), 0.64-0.98 (m 22H, Hal kyl),
0.45-0.56 (m 8H, Halkyl). 103070 PCT/ US03/ 16853 EXAMPLE 6 In
this exanple, synthesis of 9 .-et hyl hexyl )-2,7- fl uorenedi carboxylic
acid (D1-69), which can be us n electron-rich nononer, is described.
5 9%HOOCy \ / COOH Magnesi ufff “@Pproxi mately 8 g or 0.33 nol) can be
placed in a nominal 500 m flask and preheated to approxi mately 100C under
dry nitrogen. Aagnasiumiginitgofappsenimate!y S ok Ok oannkp Plaseddded

fol I owed byy hinophinBPSO0 Pl f@sﬁ@nd%ﬁréﬁe%d&o%ﬁﬁréﬁiﬁia’t@l&h)O‘Oh@XJ)Hd)arary 10

di br onof | uor.ene (a&pro%ianatel%/ f8 ﬁ' or 0.15 I)\3 in agﬁoc@%él mately 160 n
of dry THENFQUEN: (REmalanpght pioffedprpioUgately 5 md) B4 byt he col or

di sappear afisifowdd by éirst gant dfoen olutive of 68-biz{2'tdthylbekyl)-2gh can be added

dr opwi by,. el ; i t1L.OR, Cl 1 m r an be

ref | uxdd f\é*wa@é%gfe;%?eﬁ*xe. (isEpyhifa i) bED .8 BRGERERRE ALY BETT Y 160
m of dry mief drg Tatidelfterthe reagtion iminitiakized éagindicnded h¥dhe 60106d to room
tenper atur%iéﬁbﬁ)g%é%@(bmb%dutﬁﬁ@&hé rgét & thel solutioh éslfiBe adbieyt . it can be

shaken unti | I ice 1s we mxed wth the reaction m xture. After an
excess anpGHPPWiEedWA B¥ENGR evaporated, hydrochloric acid (noninal 18% 20

appr oxi mat el y 13Gferithe agdiiobs tradidedtio® niikkire ean duereflliked fsroduct may be
R e 1 RIS
et hyl acet JHF saadgeddiibe reactivintmixéwkican Ghéhen edaled $o sgppmoxi mately 38 g
temperature and approximately 1500 g of dry ice is added. Next, it can be
shaken until the dry ice is well mixed with the reaction mixture. After an
excess amount of dry ice is evaporated, hydrochloric acid (nominal 18%,
20  approximately 1500 ml) can be added to the residue. The product may be
precipitated as a white solid and isolated by filtration. Then, it can be
washed by water and hexane. Further purification by recrystallization from
ethyl acetate can produce a white solid. The yield is approximately 38 g
(55%).
25 "H-NMR (500MHz, THF-dg) 6 ppm: 8.17 (t, J=6.5Hz, 2H, fluorene
ring), 8.06 (d, 2H, J=8Hz, fluorene ring), 7.89 (d, J=8Hz, 2H, fluorene
ring), 2.13 (d, J=5Hz, 4H, H-alkyl), 0.65-0.95 (m, 22H, H-alkyl), 0.45-0.54
(m, 8H, H-alkyt).
EXAMPLE 7
30 In this example, synthesis of 9,9-bis(2’-ethylhexyl)-2,7-fluorenedi(p-
benzoyl acid) (D1-68), which can be used as an electron-rich monomer, is
described.

oW @ e We W
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(559 . 25 1H NWR (500MHz, THF-d8) S ppm 8.17 (t, J=6.5Hz, 2H fluorene
ring), 8.06 (d, 2H, J=8Hz, fluorene ring), 7.89 (d, J=8Hz, 2H fluorene
ring), 2.Ww®ode3odes5Hz, 4H, H-al kyl), 0.65-0.95 (m 22H HPalTkis}/16883 45- 0. 54

S(9m g:_ls(lz_'-alagly%)‘f{@%lﬂ NP‘%ngia tﬁ%g gw&me%w)%enzoy acl d E)lOISB), whi ch can

be used as(apprekiewtelyr8 gi tH mmekre-carhaxy-pharyibasesic aqbc COOH 20 VO

024 2010, Bl RSB cr A e stpnonprospnincppladu
4- car boxy- fﬁmfs»xmﬁtely @ 510/c0- 4R Ql%@l"éﬂagg ”g ?%’Bqﬁ"% cah’
te”ak'§(tbbﬁbﬁﬁéapm§ helsnallltRsH eMpothesinhosainetey (fdnsingl 2M,0. 4 mmol ) i n

appr oxi mat el tril f.

pot assi um @8 maagelx%@ i sh Dttt TBS rRF fan b EHEE IS 18R 0" The

g}ﬁlrﬂe C?Onbé{ hitigesh fopappioximatelynt2 hoors. r Afiencéalingdppoori mat el y 12 hours.
cool in 0.roo e 0

appr oxi nat é?@ PEFBULE: )hygg%éﬂ?(%gca%ddé gr&oﬁﬂ}’ |%% >P &OQH#%Q @Qlcg%ﬁ(fuct may

be preci pi batastlesktostheonidturee Thel ¢rude|p5@dla¢téﬂawefnreﬁlp$@ﬁe€rﬁs and washed

usi ng ;fgteRNrﬁ‘{édsd?’aX%?ated/NNtf afls @ kiR GG witerling heaande pur i fied by

N f

(o500 ™" TH Wikar Coviorih8 arvdbmrsdrtsan bepaariadby sesaelzatoRi b neent] . %6200
Sbeﬁgén;féwSS RBMte. FHOyiEE, catthe upﬁimam;yagngwxd 4H, 15 J=8Hz,

H et hyl ene) , ﬂg’"ﬁ@ﬂ'\ﬂ'ﬂé:ﬁ 'ﬁ@%@]§1 @egﬁ $H§8n<23) > (m494g 52
(m 12H, Hbmtszlé 8.EX A H-fllaranis)s8.8%4spR, Hsﬂuﬂl’ﬁ@@)

9 9-D1§62 fggwag%ﬁx 2erfe)P7 88T, @IfJ-lEB‘P{zeUQQPlEbPIXﬂUdrén@)C'2128[213610) whi ch

can be mer Br A

sol uti on of(me A4, ti-siethylenay &kl (”2; 78 b'r'@ﬁﬁ’fﬁ%‘%ﬁ @ﬂ& mﬁl_g}ﬂlf:firy(‘})‘?l)’nat ely 50 g
or 91 nmol ) 4@E(rﬁxqgﬁt elne#f). M anhydrous THE 25 can be cooled in a

dry icel/acetone which a solution of tert butyllithiumin pentane
(nom nal 1. oximately 60 ml) can be
In this example, synthesis of 9,9-bis(2’-ethylhexyl)-2-bromo-7-

20 fluorenecarboxylic acid (D1-110), which can be used as an electron-rich
monomer, is described.

e G

A solution of 9,9-bis(2’-ethylhexyl)-2,7-dibromofluorene
(approximately 50 g or 91 mmol) in approximately 250 ml anhydrous THF
25  can be cooled in a dry ice/acetone bath, to which a solution of fert-
butyllithium in pentane (nominal 1.7 M, approximately 60 ml) can be
added dropwise. After the addition, the temperature of the reaction
mixture is taken to room temperature. The mixture is stirred for an
additional approximately 10 minutes. The mixture can be cooled again in
30 a dry ice/acetone bath and bubbled with dry carbon dioxide for
approximately one hour. Carbon dioxide bubbling can be continued for
another approximately three hours after the temperature of the mixture is
taken to room temperature.
Hydrochloric acid (nominal 18%, approximately 300 ml) can be
35 added to the mixture, and the mixture is extracted by ethyl acetate
(2x200ml). The combined organic layers can be dried over MgSO,, and
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added dropwi se. After the addition, the tenperature of the reaction
mxture is taken to roomtenperature. The mxture is stirred for an

addi ti onawoappoxe matel y 10 m nutes. The m xture can be cecrdozayssn in 30
a dry icel/acetone bath and bubbled with dry carbon di oxi de for

approxi mately one hour. Carbon dioxi de bubbling can be continued for

anot her appihexsatventl gan be evapwated. aPudfication efdhparidepodsictishe mi xture is

taken t - : b sllahio xture
300 m )OCQng?ééﬁgg@gg@ggﬁtsug&%(ﬁépeahmd. co@sitdntiaRpuralhckie caps@xi mat el y

e mxture, and th xture i s extracted by
ethyl acet apeed ??)@ZD@HQW.to'lfﬁéoYﬁfr%PT@ﬁ%dPg'ﬁ/ﬂ?@(Wﬁaé}k?éb@ﬂpfﬁ@rﬂW’ed over
MySO4, and hen¥OniRiutd 30 RexaMelT HEORY 4 fftfodof dpprosiohatelyts: ¢ @antiz esexpor at ed.

Subst antl al 7y 3P berERigaBaRe ool F1EEH Bre dRbReu Ry og O ©O ™
9£ 9- bi S»E 2' -(eﬁfwg).h(raxy! )-2,7-di pr onof | uorene, then a mI xture of Ohtexiazei ESF
roduct . The vi old NMEZ000LE: %ﬁ?@ﬁ;gwe’dﬁ&ivﬁ?ﬁﬁﬁﬁ'ﬁ%’ﬁ%M;@m 3) s
ppm 7. 4- 8. 2.3 (m, ¥, HI-mE'FhYIﬁr@)e@-,‘lOi.-Q-(”B. hi-methylimeathyloneqasl 0. 40-1. 1

(m 30H, H FRéilic ng?e_t hyl ene and nmethylidyne). 10 EXAMPLE 9 In this
exanpl e, synpt hesl %/ of 9,9-bis(2'-ethyl hexyl)fluorene-2- carboxy-7-benzoyl
acid (DﬁQl EM& can be used as an electron-rich nononer, is
SeSCLi b(eczi- HOOCI Qﬁﬂh Nsl graple, siynthesty of 9,9-bis(2’-ethylhexyl)fluorene-2- I

, 9-bis(2' -et - 2-br 4l 3 i i gxi mately 19
g or 38 mmf’?rf%zfy' é%%%&?xl %ﬁ@@%%ﬁ%ﬁ%ﬁ%ﬁ?gﬁ %%g%éérd(cﬁsl %gate %@@p@ or 45
mol ) t et r akaomeniedgsgibedphi ne) pal | adium (approxi mately 640 ng or 0.55
mrol ), benzyltri et hyl ammoni uxp chl ori de /s (approxi mately 640 ng or 2.7 mmol)

in approximately 75 ml acetonit e-Z0 can be forned. An aqueous sol ution
of potassium carbonate (nom 2 ¥ M approximately 75 m) can be added to

the mxture. The m xture isH @@ﬁ; et ux under nitrogen for _
approxi mately 24 hours and theN_Zcon @ room tenperature. Hydrochloric

vl £d
. . 0 .
i xtur 615 The. or uATTRE S ASBEIS(Gp TG BCS-BITBP LA e RSROY Gol | .
i sol at ed by atidl (approamateind9 g@ss® ehrmsl) Mr-carexy-pHytordnigiatid the crude
product Can(é\);?pr >l€|rr1'1&];t'eﬁ/d7gyg or 45 mmol) tetrakis(triphenylphosphine) palladium
(approximately 640 mg or 0.55 mmol), benzyltriethylammonium chloride
(approximately 640 mg or 2.7 mmol) in approximately 75 ml acetonitrile
20 can be formed. An aqueous solution of potassium carbonate (nominal 2
M, approximately 75 ml) can be added to the mixture. The mixture is
heated to reflux under nitrogen for approximately 24 hours and then
cooled to room temperature. Hydrochloric acid (hominal 18%,
approximately 200 ml) can be added to the cooled mixture. The crude
25  product may be precipitated as a white solid, isolated by filtration, and
washed using water. After drying, the crude product can be purified by
recrystallization from ethanol or ethyl acetate. The yield is approximately
18 g (86%).
"H-NMR (200MHz, d7-DMF) & ppm: 13.25 (broad peak, 2H, H-
30 COOH), 8.20 (d, 2H, J=8Hz, phenyl ring), 8.14 (broad peak, 3H, fluorene
ring), 8.10 (s, 1H, H-fluorene), 8.09 (s, 1H, H-fluorene), 7.98 (d, 2H, J=8H,
H-phenyl), 7.87 (d, 1H, J=8Hz, H-fluorene), 2.1-2.4 (m, 4H, H-methylene),
0.4-1.1 (m, 30H, H-methyl, H-methylene, H-methylidyne).

22



recrystallization fromethanol or ethyl acetate. The yield is approximtely
18 g (869%9. 1 H- NWR (200WHz, d7-DVMF) S ppm 13.25 (broad peak, 2H, H 30
COOH), 8.wO0opdg302H, J=8Hz, phenyl ring), 8.14 (broad peakPC3HjS03/Las8s ene
ring), 810 (s, 1 H Hfluorene), 809 (s, 1 H Hfluorene), 7.98 (d, 2H,
J=8H, Hphenyl), 7.87 (d, 1 H J=8Hz, Hfluorene), 2.1-2.4 (m A4H,

H net hyl ergxaAMPALE48. 1 (m 30H, Hnethyl, H nethylene, H nethylidyne). 22
WO 0|3/ 103g7'0'9—P_CI7'US'('b53/ 1|6853 EXAMPLE 10 In this exanple, synthesis of

peryl ene-3, 9-di carbox ' D1- il @ hy; i _a

fl uor ophore rmglgﬁtgﬁ Wéeﬁﬁ@?#'&%&ﬁgﬂ?’é‘%ﬁ gmlgﬁgﬁkﬁbﬁ%ﬁgr@qi s descri bed.
cooH 5 HG@ED), @hichhtcan beeisefl B, @ flperophere manamasaan rotasiidllyAn sobut yl est er

(appr oxi mgelyod Qi HbndReflbschéd! (approximately 5 g or 125 mol) —and
ggpr OXi rrat er ?‘ég m hetﬁﬁno’l d bHeat@gd to reflux under nitrogen )for
proxi mat el y ree hours an S poi°8H to room tenperature. 10
Hydrochloric acid (nom na,LooéLSxi mately 150 m ;rpi s added. The
E;Qﬁucts E:an be prgc! pldt agé,er%- as “=/ solid, isolated by filtration, washed
i ng water, an ried. X i Bfood(ii LRl Ysterl 9 (959 . 1H NWR
(200MHz, d7- DVF r@"‘bﬁﬁd Sothh ‘?ﬁiﬁ@&“ BeicbdilsoBubN Bster " 2 &7 0 4H
I2—|-Hperyl elneoappSOﬂme(celyﬂom-br 228rol)) Hamhﬁapnﬂgmmyeé@y @&y 25mmel)7. (8r2n (m
, peryle %9}% t hi X ; .
pol y(9, 9- b?@% ?‘OE e y}aﬁeliipé?? Iué(}bérr@- oxa%ihsgﬁoé{agb?émxgﬁd?r ?lltjrg? regt es a

_ i C
copol ymer feir@ppspdaateltireemhana agddben 6RO egdpi QP%VQWRHB Bic units, is
?%icrl 12 gfd- E Brﬁhwgﬁédﬂﬁﬁommﬁuegamhmatw 150fral ieddded a¥hBol yner 1
-122). P? osphor ys nt oxi de (.ap ' . .21 I
be i ssol DEMChCAB R PHRIEIN H08 T SREPropatic By freydR adfied: 7, Cg & °"
ﬁtpprlo;(:c Imalt a‘sMQQﬁbtgﬁ@ndnﬂw' d. Miher yigleincanberiapproximetelp 7 d- 9i(83%). 25 et hyl
exyl)fluorene- 2,7 i | 4_C | i 0 I d
hydrazi ne hydrozlﬂl @Bﬂ@iigg%%giﬁn@fg? .'g'gémghﬁ&mpgyeg%)’md)ed ?2
the sol uti 8i65-3166 (ustibrisipsiylerel Bi31 g;% JTSpiZoxT 'ﬁ‘16 hours and a
homogepus heNjiSOU7. 7810F 8bi(RT) AR pifiehe) med.
EXAMPLE 11
In this example, synthesis of poly(9,9-bis(2’-ethylhexyl)fluorene-
oxadiazole), which illustrates a copolymer with electron-rich and electron-
deficient monomeric units, is described. This copolymer is subsequently

20 referred to as Polymer 1 (D1-122).

5y

Phosphorus pentoxide (approximately 30 g or 0.21 mol) can be
dissolved in approximately 400 ml methylsulfuric acid and stirred at
approximately 90-95°C under nitrogen. A mixture of 9,9-bis(2’-

25  ethylhexyl)fluorene-2,7-dicarboxylic acid (approximately 20 g or 42 mmol)
and hydrazine hydrochioride (approximately 2.9 g or 42 mmol) can be
added to the solution. The suspension is stirred for approximately 16
hours and a homogenous, viscous solution can be formed.

After cooling the solution to room temperature, the solution can be

30 poured into approximately four liters of water. The polymer can be
precipitated, isolated by filtration, washed by water and ethanol, and dried
at room temperature in vacuo. The crude polymer can be dissolved in
approximately 350 ml of THF. The solution is filtered through a nominal 5

23



After cooling the solution to roomtenperature, the solution can be 30
poured into approximately four liters of water. The pol yner can be

preci pi t awed3/10®00 ated by filtration, washed by water andPerhsndiessand
dried at roomtenperature in vacuo. The crude polymer can be dissolved in
appr oxi mat ¢ing figsn e Gkersdepdiyimes canthiedthenpréciptateddrarhraomipfture ofoni nal 5 23

VO 03/ 1030e%S>pP G Hslﬁgg]/tﬂr@@flrf’fersratﬁéhéleénd %Q?r Fdrﬁ%tﬁlffébcfﬂ{w&é Cfe be then

preci pi tat ers et hanol and
appr oxi nat @oswre@bcaﬁ bmtéatedTW@shgélwrmate&and igthang)| apd thenwambimby wat er

gpgcgts Qaggldrlggrgt erbdggnewwumre?lmnhg gl?]fldé?@m 86 @Anb8- reng@tgg%w; : fgt ion
Pl bor e tpies AN Dot 18 RaVEIY 2o 8 wiBaler Thpaiel s ARttt R
spect rum (zmg 86%).hEIGR ghews the. T IR tspectriinR 24 0% of thePORAWr 1oénd

Tononer ) ﬁ%ﬁﬁ%éﬁ U R2BY & S5 bl M uoR R BRI e 1 n

t he 9, 9-bi i (eéecl:tgarhaalymdnqmréném FTIR datakinXyGi 2 configos dhgtdhect ron-rich
mnoner ) ar@'@%d%%bék/%@?&%% I\%?Sdl eg'gglﬂa%y ﬂﬁéreé\ %edcﬁeargbglﬁ =N bond in

Polyner 1 is, seen uor ene
ring), 18. 2@ciq (FE@F‘P"“WI'[‘JW‘FF)@@? not signgicagt YHISQJJQ n Enlymwui)r ene ring),
2.2-2.5 (bralsdHhe GNblsib)in P@Iﬁnérils(béen 16H, H-al kyI) 0.59-0.65 (br, 14H,

et ust s o cEE R FAME BT e P08 43, RlorBRe e, 8267 129

el ect r on- d€élj 2Hefiaorenaaimg) i, 8. 131(d ts8Hzs 2Hie fluoidneding); Rl22P.5Rbos4or us

pent oxi de (@_ané@xb@ﬁ ql(g)rﬁ]yl su%frjk )10r'g§)b2@0@3 ‘PA?_IH: gﬁhved in

appr oxi mat el rvc acl nder nitrogen at
appr oxilfrat 12 nmixture of 9,9-bis(2' -

et hyl hexyl ) fl UOHﬁﬂﬂs%xQﬁfp‘l\@@Vn?hé&é‘éPPblyﬁ%r@ @ﬂﬁ?gé'mbﬁhlbﬂsﬂraﬁeé or 2.7
nmol ) and hydrazi ne dr oc romgacir % .7 mol) 25 can
be added t GMOHETSHPOLTTRRT Wikh ! i and plectpnrdelianmaRpetis mat el y - f i ve

hours to f amitspishiesogeedus, vi scous solution. After the solution cools to
roomtenperature, the soluti-en can be/—poured into approxi mately 500 m of

wat er. The pol yner may be ted and\i solated by filtration. The
crude pol yner can be 30 suse At sh.ad ;3y aqueous sol ution of sodium

carbonate (nomnal 1 M wat er, and et hanol, and
then dried at room
20 Phosphorus pentoxide (approximately 3.0 g or 21 mmol) can be
dissolved in approximately 35 ml of methylsulfuric acid and stirring under
nitrogen at approximately 100°C. A mixture of 9,9-bis(2’-
ethylhexyl)fluorene-2-carboxy-7-benzoyl acid (approximately 1.5 g or 2.7
mmol) and hydrazine hydrochloride (approximately 190 mg or 2.7 mmol)
25  can be added to the solution. The suspension is stirred for approximately
five hours to form a homogenous, viscous solution.

After the solution cools to room temperature, the solution can be
poured into approximately 500 ml of water. The polymer may be
precipitated and isolated by filiration. The crude polymer can be

30 subsequently washed by aqueous solution of sodium carbonate (nominal
1 M, approximately 500 ml), water, and ethanol, and then dried at room
temperature in vacuo. The crude polymer can be dissolved in
approximately 20 ml of THF. The solution may be filtered through a
nominal 5 um filter. The polymer can be then precipitated from

35 approximately 500 ml of ethanol. The polymer is isolated, washed using
water and ethanol, and then vacuum dried at room temperature. This
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tenperature in vacuo. The crude polyner can be dissolved in approxinmtely
20 M of THF. The solution may be filtered through a nomnal 5 mfilter.
The pol yn&o osamobe t hen precipitated from 35 approxi nat el PCIOG06863

et hanol . The polyner is isolated, washed using water and ethanol, and then

dri : - This, 24 16853
bari 11 cat | SrpaidfBiacaR EaR ik fanedid e fimes A AedUEE 1A HolERY | Vrer a5 a
whi te fiberas aivbitd fiben Nieldppnda approximately 41(®€69%%).1H NVR (200MHz, CDCI 3)
S 8.15-8. 40 - 4570 G- A .0-2.4
(ng;nd peak, 4H, HMF?KQ;(?OEI\Z”P(;, ég@ 5|§)1rg %prﬁg% '(1t5v\%@'gr(gnd§%”)g?'%?g)oa%ng’peak, 30H,

H met hyl, 4hk RE%ehs, (Mmethh 2iGrgrb(broastaeaketiiaHrmethen@x 8l &~ synt hesi s
of Pol yrer (Bvd Bloubdof brvhd peak! BOBt Hahesthylarrstidens opetiyiayngy t h

el ectron-ri ctron-deficient nononeric units, is described. NNN O
10 Phosphor de (approximately 30 g or 0.21 nol) can be dissolved

i n appr oxi mat el yin 406 exanyle ®ntlyésislof Rolyenercd (D &1@43t whichnlfusttabeet her  at

appr oxi mat 0 Lt I ) f o :

B o3, 7 ot Enee Bich oftifin: ol b Slebtn-deftiont mopameris,  macely 7.5
15 g or 10.Whitsnisidesenbedydr azi ne hydrochl ori de (approxi mately 750 ng or
10.9 mmol ) can be added to the,solution. The suspension nmay be stirred for
approximately 17 hours to for , Vviscous solution. After the
solution is cooled to roomt \ >/ the sglution is poured into
approximately four liters of [water. Xhe pol yney can be 20 precipitated and
I solated by filtration. The—¢ e )8/ d by aqueous sol ution of
sodi umgar bonate (nomnal 1 tely 2600 m), water and et hanol,
and then dried at roomtenperature in vacuo. The crude polyner can be

di ssol ved i n apdthwspheres penpgide (appraxoaisly 3R« OI'SBJQJthE ogbee filtered

through a re{ﬁfl%dk\;?\ég ﬁ?ﬁ%ﬂﬁrﬁkilrﬁﬁély i mﬁ¥l§@mrﬁ,5aé]6 aidestirfing at ed from

FPanol | aradehen 2y EUIGHERIEDH 100" HOHeT FURBERaPuRBUR b dor 11 oat fon
process maybi§@vegiaitedotiyD-2,7 frorensbis(prioshiwyl hbid) kapprorimatelyer.8hi t e
fiber. 1‘ghe or Jl Gl.glrﬁma it h{/@rta% e ﬁyd?'oghlofigé 0(glpproximately 750 mg or
10.9 mmol) can be added to the solution. The suspension may be stirred
for approximately 17 hours to form a homogenous, viscous solution.
After the solution is cooled to room temperature, the solution is
poured into approximately four liters of water. The polymer can be
20 precipitated and isolated by filtration. The crude polymer is washed by
aqueous solution of sodium carbonate (nominal 1 M, approximately 2000
ml), water and ethanol, and then dried at room temperature in vacuo. The
crude polymer can be dissolved in approximately 220 ml of CHCls. The
solution may be filtered through a nominal 10 pm filter. The polymer can
25  be precipitated from approximately two liters of ethanol, isolated and
washed using water and ethanol, and then vacuum dried at room
temperature. This purification process may be repeated two times and
product the polymer as a white fiber. The yield is approximately 4.5 g
(65%).
30 "H-NMR (200MHz, CDCl3) & ppm: 8.1-8.4 (broad peak, 4H), 7.5-8.0
(two broad peaks 8H), 7.3-7.5 (broad peak, 2H), 2.0-2.4 (broad peak, 4H,
H-methylene), 0.8-1.3 (broad peak, 18H), 0.80 (broad peak, 6H, H-
methyl), 0.76 (broad peak, 12H, H-methyl), 0.45-0.65 (broad peak, 2H, H-
methylidyne).
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30 "H- NWR (200MHz, CDCI3) 6 ppm 8.1-8.4 (broad peak, 4H), 7.5-8.0 (two
broad peaks 8H), 7.3-7.5 (broad peak, 2H), 2.0-2.4 (broad peak, 4H,

H net hyl ewe)03/10308¢ 1. 3 (broad peak, 18H), 0.80 (broad peakpC@HSostases hyl ),
0.76 (broad peak, 12H, Hnethyl), 0.45-0.65 (broad peak, 2H, H
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Yt REstS Off)OLIlz:'gld into approximately éOO m? of wa%gr ‘Ishe polymer may be
precipitated and isolated by filtration, washed using water and methanol,
and then dried at room temperature in vacuo. The crude polymer may be
dissolved in approximately 50 ml of THF. The solution may be filtered
20 through a nominal 5 um filter, precipitated from approximately one liter of
ethanol. The polymer may be isolated, washed using water and
methanol, and then vacuum dried at room temperature. This purification
process may be repeated two times and produce the polymer as a white
fiber. The yield is approximately 0.65 g (75%).
25 "H-NMR (200MHz, CDCl3) & ppm: 8.1-8.4 (broad peak, 8H), 7.75-
8.05 (broad peak, 8H), 8.13 7.6-7.75(broad peak, 4H), 2.2-2.5 (br, 8H, H-
alkyl), 0.8-1.1 (broad peak, 32H, H-alkyl), 0.5-0.7 (br, 28H, H-alkyl).
EXAMPLE 15
In this example, synthesis of Polymer 5 (D1-71) (a=99, b=1) is
30 described. In this particular copolymer, approximately 99% of the polymer
includes an electron-rich, electron-deficient unit, and approximately one
percent includes a fluorophore unit
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A mixture of 9,9-bis(2’-ethylhexyl)-2,7-fluorenedicarboxylic acid
20 (approximately 1.0 g or 2.1 mmol), of perylene-3, 9-dicarboxylic acid
(approximately 35 mg or 0.11 mmol) and hydrazine hydrochloride
(approximately 150 mg or 2.2 mmol) can be formed as a suspension. The
remainder of the formation process follows the procedure of Example 14
starting from the point where the suspension is stirred for approximately
25  four hours. The polymer can be an orange fiber. The yield is
approximately 0.72 g (75%).

"H-NMR (500MHz, CDCl3) 5 ppm: 8.3 (s, 2H, fluorene ring), 8.24 (d,
2H, J=6.5Hz fluorene ring) , 7.98 (d, J=8Hz, 2H, J=8Hz, fluorene ring),
7.15-7.26 (m, H-perylene), 2.1-2.4 (broad peak, 4H, H-methylene), 0.7-1.1

30 (broad peak, 16H, H-alkyl), 0.5-0.7 (broad peak, 14H, H-alkyl).
EXAMPLE 17

In this example, synthesis of Polymer 7 (D1-74) (a=50, b=50, c=1)
is described. In this particular copolymer, approximately 99% of the
polymer includes two different electron-rich, electron-deficient units, and

35 approximately one percent includes a fluorophore, electron-deficient unit.
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7.15-7.26 (m Hperylene), 2.1-2.4 (broad peak, 4H, Hnethylene), 0.7-1.1
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15 EXAMPLE 18
In this example, synthesis of Polymer 8 (D1-75) (a=10, b=10, c=1)
is described. In this particular copolymer, approximately 95% of the
polymer includes two different electron-rich, electron-deficient units, and

approximately five percent includes a fluorophore unit.

20
A mixture 9,9-bis(2"-ethylhexyl)-2,7-fluorenedi(p-benzoyl acid)

(approximately 500 mg or 0.79 mmol), 9,9-bis(2’-ethylhexyl)-2,7-
fluorenedicarboxylic acid (approximately 380 mg or 0.79 mmol), perylene-
3, 9-dicarboxylic acid (approximately 26 mg or 0.076 mmol) and hydrazine

25  hydrochloride (approximately 110 mg or 1.7 mmol) can be formed as a
suspension. The remainder of the formation process follows the
procedure of Example 14 starting from the point where the suspension is
stirred for approximately four hours. The polymer can be a light yellow
fiber. The yield can be approximately 0.72g (82%).

30 "H-NMR (500MHz, CDCl3) & ppm: 8.28 (broad peak, 6H), 8.23 (d,
2H, J=6Hz), 7.98 (d, 2H J=6Hz), 7.85(broad peak, 6H), 7.68 (broad peak,
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25 hydrochl oride (approximately 110 ng or 1.7 mmol) can be fornmed as a
suspension. The remainder of the formation process follows the procedure
of Exanplwobéisarting fromthe point where the suspensi oRCraSos14sss ed for
approxi mately four hours The pol ymer can be a light yellow fiber. The
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of Exanple\l4 starting fromthe p0| nt where the suspension is/ stirred for
approxi mately four hours. The pol yner can be a light yellow, fiber. The
yield i s appr oxA mekieire 979-his(2’ (e;tby@;exylb-ﬁﬂwﬁu@wm@ atBey'8cd ppm 8. 28
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stirred for approximately four hours. Th% ymer can %e a {-5}."]( yellow
fiber. The yield is approximately 1.4 g (79%).
"H-NMR (500MHz, CDCls) & ppm: 8.28 (broad peak, 6H), 8.23 (d,
2H, J=6Hz), 7.98 (d, 2H J=6Hz), 7.85(broad peak, 6H), 7.69 (broad peak,
20 4H), 7.1-7.3 (m, H-perylene), 2.1-2.3 (broad peak, 8H, H-methylene), 0.7-
1.1 (broad peak, 32H, H-alkyl), 0.5-0.7 (broad peak, 28H, H-alkyl).
Analysis of Polymer Examples (Examples 11-19)
GPC analysis can be conducted with an Acuflow Series Il Pump
equipped with a refractive index detector. HPLC-grade THF may be used
25  as the mobile phase, and a column bank consisting of four Phenomenex
Phenogel columns (size approximately 300 x 7.8 mm, nominal pore wndths
10* nm, 10° nm, 102 nm, and 50 nm) as the stationary phase. A constant
flow rate of approximately 1 mL/minute is maintained, and the instrument
may be calibrated with polystyrene standards from Scientific Polymer
30  Products, Inc. (Ontario, NY). In Table 1 below, B/O/P is the polymer

content (B=benzene; O=oxadiazole; P=perylene).
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flow rate of approximately I mi/minute is maintained, and the instrunent
may be calibrated with polystyrene standards from Scientific Pol ynmer 30
Product s,wbres/1030@nt ari o, NY). In Table 1 below, B/ O P is traa/ysos/yisss
content (B=benzene; O=oxadi azol e; P=perylene). 29 WO 03/ 103070
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be able to her oI R5kahS (nat hegfopes tNelgs speci fliccgmeeds. |yalic
vol t anmet r y—eastiremrents—cam becarrred out oIT BAS I00A el ectrochem cal

anal yzer available fromBio Anal ytical Systens. A silver 15 WI re may be
used as a quasi -Fefthequiymetssiot Taide 1, e carpbaemmitias whes e PeRlsns i ary

el ectroge f@ﬁaﬂiﬁ?ﬁ%@&‘i&ﬁﬁnéﬁn@ *é%’rbéé]ﬁ G\Nﬁéhr’cﬁé'@ery'f&@e pOhiefels can be

first di"so or chloro cast a O{A of wor ki ng

el ctrode. AapprasRAlEbBABD. 3P caféheaﬂwéaoagfn‘%fﬁ Ur%fr% %e“n'@hi
tet ra(n- but yitATONHER th@wrwaﬁé@@hmr@app(oxrraatea% 31606 Bbthecet oni tril e

oo t empor &g onere e ik chaee IBTs ErReln OBLedR B beret U S ome
of the pol yashievedterdedctuel carfventietions éreither ccnméymgr_s myﬁmen Pdet er ni ned
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After reading this specification, skilled artisans will be able to select
materials that best suit their specific needs.
Cyclic voltammetry measurements can be carried out on BAS 100A
electrochemical analyzer available from Bio Analytical Systems. A silver
15  wire may be used as a quasi-reference electrode, and a platinum wire as
auxiliary electrode and glossy carbon as a working electrode. The
polymer can be first disolved in THF or chloroform and dropcast a film on
top of working elctrode. All measurements may be carried out in nominal
0.1 M tetra(n-butylJammonium hexafluorophosphate ("TBA PF6") in
20 acetonitrile and at a potential rate of approximately 50 mV/s at ambient
environment at room temperature. FIG. 3 includes a plot of the cyclic
voltammetry of some of the polymers. Therefore, the HOMO level of the
EL polymer is determined by the oxidation potential from cyclic
voltammetry.
25 Light-emitting diodes can be fabricated as electronic devices similar
to those shown in FIG. 1. The LEDs can comprise Polymer 1 - Polymer 9
as the active layer 130. For each polymer, five-finger devices can be
fabricated. Barium or aluminum may be used as cathode. PEDOT
(Baytron P 4083 from Bayer) or PVK (Aldrich) may be used as anode
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Inc.). For #kA-tescersCop.boarium as the cathode |ayer 130, substantially
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can be be monitored with a STM-100 thickness/rate meter(Sycon Instruments,

20 Inc.). For devices using barium as the cathode layer 130, substantially
immediately after deposition of barium layer, approximately 500 nm of an
aluminum capping layer is deposited on the top of barium layer.
Therefore, layer 140 can comprise barium, and layer 150 can comprise
aluminum. When only aluminum is used for the cathode, layer 140 may

25  not be present within the electronic device. Finally, the devices can be
packaged using a simple glass cover fixed with an UV curing epoxy resin
using a conventional technique.

For each of the devices, the current versus voltage curve, the light
intensity versus voltage curve, and the quantum efficiency can be

30 measured. The external quantum efficiency, QE(EL)ext, can be
measured in an integrating sphere and luminance can be measured using
a calibrated photodiode and UDT S370 optometer.

Table 2 includes data for electronic devices with different
combinations of materials used for the active layer 130 ("EL polymer" and

35 its composition expressed in "B/O/P", where B=benzene; O=oxadiazole;
and P=perylene) and materials in direct contact with the active layer 130
on the anode and cathode sides of the active layer 130.
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measured in an integrating sphere and | um nance can be neasured using a

cal i brat ed phot odi ode and UDT S370 optoneter.
el ectroniwodauoimes wth different
active | ayer

Table 2 includes data for
conbi nati ons of nateri ACT/USSFHSEDr t he
130 ("EL polynmer” and 35 its conposition expressed in

"B/ O P", where B=lygpgeneDePrdxaflicide and areétrikapperbenancend materials in

direct contact with the active |ayer
the active |ayer

130

on the anode and cat hode si des of
130. 31 WO 03/103070 PCT/ US03/ 16853 Table 2. Device

structure amd ¢lEcRslymed | p&/OBr nanawdel [D dathddel yner BDeYike gréatmanest hode
Devi ce pdrformance V mA ¢d/n2 OH(% GS{11 Pol yp¥r 1 |2nA/ Q| P28y QE(%B, 4
1.6 J-6Q Polymer 1 2/1/0 PEDOT Ba 8 1.45 0.006! B35 [Polympr 3 411/ 0 PEDOT
Ba 14 36./63511 (Po®er B67 |RUIG/ mer | BVK/ 1/ )BRVK Ral 84 16 4 7518343 [HF
Pol yrer 4 J%01/ () PPEDET Ba | 24/® 79| RED@T 0582 B57 Pl ynelr 4 30148 pyil0G89 14
10. 4 312 [B356 | Bolgmed yned/1¥) o/ 1) BEDAT ppBer Ba it 19 113640654 @111 186049
Pol yner 9.B871/ @ PolymenAc B3 404¢0 1 38PMig 1 |Be  po1l Phi a4 249/ 9 dd-Bepoy Ba
18 13.0 150 1Polymeryt poll 3} g PPEDGT o8 Bev pal ¥h 5 146794 18— [ 0051
Pol ymer 7B871; @ Polymeizbor [ B4/t g 1 6P 304 18204 854 Pokyild 1352 11 0P Pt Ba
24 100 448230, $LoVmeg poll 200001 LPEDET od Bappey 120 40 P 1483 5 dUB peq
Pol ymer &E9P1; dPemeRa pl2Ki0.0h hPVi, o188 nay Wgﬁ 1499 " dotDlocndy
Ba 16 13./E2365 &oNBe Gga .'221.7‘?*%." BENOT /4 Bios Pic Bt 45— 4568 1S 833
POl YRl Mar S bohmarr o [anoe1 T pendt Ced>S Bhee POTVTET 1908 375 PRy Ba
Dol virer 3800 4 Payigers T oTDSIar [ wKY Pl A FBa 1919106 2 [UesYO | 000
sy Tor (B, { Palimet8 27 s/ig65 | PESOF. | D POl TETeT 731 1JoPED]T0.g¥s 20
.72 2.0 %ﬁi Polfet 81 YTB/Gos! [PUKPVK|[Aa 26 8|54 1021 4 {60824 [Roggyner|] 5
2/1/0.01 T {7o1yrHer 69 1 3%/®0050 PREDGPO [HRl yTTeT | %6 27 1 3. 01 [BEK Al| 6288 10.|9
839 1.02 @332 R NMeFo 0 473 /6le6k| PHdOT Alal6 32( 88 10 (01887 | 48661 Hdl.yrer |6
2/ 1/ 0. 05 [F388 Al Péigmier 7/ _438/W00 | PEDOT | Ba 12 17.3 | 24 0.053
B65 | Polymer10 [3.3/1/0 | PVK Ba 16 11.0 | 203 0.70
B36 | Polymer 3 4/1/0 PEDOT | Al 20 165 |[2.4 0.006
B68 | Polymer3 4/1/0 PVK Al 24 - 173 |45 0.01
B26 | Polymer 4 3/1/0 PEDOT | Al 26 672 2.0 0.011
B58 | Polymer 4 3/1/0 PVK Al 26 8.91 | 106 0.47
B24 [ Polymer 5 2/1/0.01 | PEDOT | Al 16 19.7 |23 .002
B56 | Polymer 5 2/1/0.01 | PVK Al 26 10.9 [839 1.02
B22 | Polymer 6 2/1/0.05 [ PEDOT | Al 16 32.8 |10 0.007
B54 | Polymer 6 2/1/0.05 | PVK Al 22 8.67 | 353 1.0
B28 | Polymer 7 3/1/0.01 | PEDOT | Al 26 81.7 | 269 0.044
B60 | Polymer 7 3/1/0.01 | PVK Al 22 9.09 | 802 1.16
B30 | Polymer 8 3/1/0.05 | PEDOT | Al 20 123 |19 0.03
B62 | Polymer 8 3/1/0.05 | PVK Al 20 6.33 | 133 0.45
B32 [ Polymer 9 3/1/0.005 | PEDOT | Al 22 562 |24.8 0.058
B64 | Polymer 9 3/1/0.005 | PVK Al 24 6.94 |673 1.28
FIG. 4 includes an electroluminescence spectra of Polymers 4, 7,
and 8. The spectra show that the color of emission of the active layer 130
5  can be tuned from blue to orange. FIG. 5 includes a photoluminescence
image of Polymer 4 (“Uniax” — orange color), Polymer 7 (“DuPont” — blue
color), and Polymer 8 (“i-technology” — green color) to further illustrate that
color of emission of the active layer 130 can be tuned from blue to orange
region. Nearly any color within the visible light spectrum (approximately
10  400-700 nm) may be obtained.
In the foregoing specification, the invention has been described
with reference to specific embodiments. However, one of ordinary skill in
the art appreciates that various modifications and changes can be made
without departing from the scope of the invention as set forth in the claims
15 below. Accordingly, the specification and figures are to be regarded in an
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B28 Pol ymer 7 3/1/0.01 PEDOT Al 26 81.7 269 0.044 B60 Polymer 7 3/1/0.01
PVK Al 22 9.09 802 1.16 B30 Polyner 8 3/1/0.05 PEDOT Al 20 12.3 19 0.03
B62 Pol yreo 08/18301¢ 0. 05 PVK Al 20 6.33 133 0.45 B32 Pol yn®CTAIS83/14883 005
PEDOT Al 22 5.62 24.8 0.058 B64 Polynmer 9 3/1/0.005 PVK Al 24 6.94 673
1.28 FIG 4 includes an el ectrolum nescence spectra of Polyners 4, 7, and
8. The spectra show that the col or of em ssion of the gptive | ayer 130 5

can be tundiustiatue sather thara segjEctive eense, jang| albelicriMERHICEEARs A cence

i mlage) of P t\éﬁlaéd‘ﬂo 6'éqj?¢;lﬁd;édwiﬂﬁrfﬂ{be§@dﬁéjéﬁinvaﬁlﬁcl)mer t7 (" DuPont " . bl ;Je t
color), an ol ynmer -techngl o - green col or o) r r illustrate
that col or of éﬁ"hei‘i?%rpté?r %‘ﬁ\éﬁfﬁ%@g%@ﬂdaﬁﬁvt'%%toc%rﬁ%beé“? hﬁgg&g%m blue to
orange regjgatrib®§abbye aith eghred torspdific eimbodirmeblse Howéeverspiwct rum
(approximatel yv.. 10 400- 700 nm . LN i

speci fi cat i ,ef'{sn@d?’ﬂ(}mﬁgoﬁ&hggﬁ%gééﬁmﬂés@%i edahgﬁeﬁﬂﬁ?@%ﬁg%ﬁ:gﬁy o specific
enbodi nent sausdesmydrenaiheadfantags, rearsplutionl to aagur phbegemedppieeci at es t hat
vari ous nodif. i tals i igng fromthe
scope of t é£h§®g%$?%% ast§g$p§%?¥ﬁﬁgﬁgfﬂgﬁgﬁgfﬁ%ﬂqgﬁﬁgﬁgagﬁﬁggordingly,

t he speci f ifeatureer glamentefiray arall the ¥aiMgarded in an 32 WO 03/ 103070
PCT/ US03/ 16853 illustrative rather than a restrictive sense, and all such
nodi fications are intended to be included within the scope of invention.
Benefits, other advantages, and solutions to problenms have been described
above with regard to specific enbodi nents. However, the 5 benefits,

advant ages, solutions to problens, and any el enent(s) that nmay cause any
benefit, advantage, or solution to occur or beconme nore pronounced are not
to be construed as a critical, required, or essential feature or el enent
of any or all the clainms. 33 WD 03/103070 PCT/US03/16853 CLAIM5S What is
claimed is: 1. A copolyner conprising: a first nononeric unit conprising an
el ectron-rich group; 5 a second nononeric unit conprising an V

el ectron-deficient group; and a fluorophore nononeric unit wherein, wthin
t he copol yner, a
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nunber of the fluorophore nononeric unit conprises no nore than
approximately five percent of a sumof a nunber of the 10 first and second
nononer i cworte3o70 2. The copol yner of claim 1, wherein: tRETASOPIGSRRN
conprises a first plurality of first nmononeric units and a second
plurality of second nononeric units; apgdamsgatio of the first plurality to
t he secondng\lfurallty IS . in arange of —I5 approximately 1:100 to 100:1. 3.
The copoly haifis eladmgdis: wherein: a repeating unit conprises the first

nononeri c umi mm|ymr%@ﬁm;§|ngfononerl C unit; and each polymneric nol ecul e

of the copol yner has, no nor r.ox 0. repeating units.

4. The copol ymer E?SWQPH{‘WF”C\M@F%MP% @98@45‘3 ?['8@%?%%“2. ght gf

pol yneri% nol ecubegcontmondreric opiilcpmprising an elecion-defvientigrauel y 105
g/nmol. 5. The copoly of claim1, wherein the second nononeric unit 25
conpri ses an oxadi azol'e ring. 6. The copolynmer of claim1, wherein the
first nonomeric arfiuorephgreiresomeriawinicvherpins wilhin theeceraly®es@ from Rin R

RRRR Rt Rin RRn m mm nRt
AR RtnUPHB(ePoREH”é fFl‘J(ﬁoBh&e”i’nBFfbn%rBtdhllFﬁorﬁbr|§§§né\IMBréRt mm

Ain kin 34 WO 03/ 103than WP&@@B}P%‘B@?G%@%%SUMO%HUB@% Htﬂ?arre or
differepy at each ocfitst adccand méensiaélde Linits.

2. The copolymer of claim 1, wherein:
the copolymer comprises a first plurality of first monomeric units
and a second plurality of second monomeric units; and
a ratio of the first plurality to the second plurality is in a range of
15 approximately 1:100 to 100:1.
3. The copolymer of claim 1, wherein:
a repeating unit comprises the first monomeric unit and the second
monomeric unit; and ’
each polymeric molecule of the copolymer has no more than
20 approximately 3000 repeating units.

4. The copolymer of claim 1, wherein an average molecular weight of
polymeric molecules within the copolymer is at least approximately
10° g/mol.

5. The copolymer of claim 1, wherein the second monomeric unit

25 comprises an oxadiazole ring.

6. The copolymer of claim 1, wherein the first monomeric unit comprises

| a molecular structure selected from:

jm Ry Ry Rin - Ry Ry
- = =
Rqn Ryn S " s " R !lz‘ Rn
iove); {8}
nRy / m

Rn

B oy

un /l\

Ry Ryn
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from hydrogen, al kyl, and al kyl derivative groups; the al kyl derivative
group conprises an al kyl group where one or 5 nore -CH2- units are repl aced
by a noi ewposagbmeied from-0-, - S, C_14 aryl, and - NR PCTWes/&i883 R
conprises a Cl-l1oo saturated hydrocarbon group; n is a nunber of potential
sites in a corresponding aromatic group capable of substitution by R1; 10
mis from1l to 1®hessid: t he first nononmeric unit may be selected froma

mbi nat i f th ,
cthonyi o ot hyniX GFANAE 55 SR G APAR oF 8ABA PLBlrioS R IR AGRRE. o

nonomeric unit 15 coﬁ’ﬁm bwoﬁeﬁnallé}tluﬂad alfeyl defivativesgliosdsed from R2n R2n

R2n N-N N-N N Nthe biidyk &bmﬂﬂe?&?u;ﬁ%ﬁn&@es@%@lkﬂ groap wHare bnk 0T4 0
wherein: R2 can be the san&ll_g ! ferent at, each furrenlﬁé fand sel ected
0 t

from 20 hydrogen, al RiAre B'ts LR, a‘%ﬁdtm()a MEPeH a’nd sul fo
groups; n is a nunbes-of, podrghtandl- NR{Merelna?memmmgooarormtlc group

el octod froma conbi NAUTHRORRRbE AT Crat 1o gr oups connect ed by a
singl e bond, 25 enHemymuroberohgoientialailes i3 a ciresspopdingratonsticgralm 7,
sel ected from “8&%"8%9%@%‘@%%%‘#{5%%&7%?@%‘ R RnCRM T P Ty R
Rfn RfnlORfn RfnnRis frent (@ AORARA Rfn | f n
the first monomeric unit may be selected from a combination of the
above aromatic groups connected by a single bond, ethenyl or
ethynl group.
7. The copolymer of claim 6, wherein the second monomeric unit
15 comprises a molecular structure selected from:

Rzn
N-N N-N
—k | - —40)—(_}—L PN »_@_@_40 N

Rzn
Ran Ran 2! Ran
Rzn 2

- A - A O

wherein:
R2 can be the same or different at each occurrence and is selected from
20 hydrogen, alkyl, fluoro, cyano, nitro, trifluoromethyl, and sulfo groups;
n is a number of potential sites in a corresponding aromatic group
capable of substitution by R2; and
the second monomeric unit may be selected from a combination of
the above aromatic groups connected by a single bond,
25 ethenyl or ethynl group.
8. The copolymer of claim 7, wherein the fluorophore monomeric unit
comprises a molecular structure selected from:
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Rin '/d ~I \ Rfn Rfn Rfn wherein: Rf can be the same or different at each
occurrence and is selected from hydrogen, hal ogen, al kyl, al koxy, and

al kyl am rwogBow3) 5 n is a nunber of potential sites in &RCraArso®sEefdi ng
aromatic group capable of substitution by Rf; and the fluorophore
nmononeric unit may be selected from a gonbi nati onx of the above aromatic
groups connected by a singl g bond, egyenyl or etwhynl group. 10 9. The
copol ymer of claim1, arel ) she s mMoNgReKO-Unfat  conpri ses a

mol ecul ar structure selecefom n“R2n R \N+N-N NN+ - NN
O\ / O\ / 0 V3B R2n R2n R2Zn RRn R2n 4 .O wherein: 15 R2 can be the
sane or different at each occurrence and is selegted from hydrogen, alkyl,
fluoro, cyano, nitro, trifTI"uororreptnhyIT‘" and sul f gly ups; n is a nunber of

potential sites in a co%&nm@_@%&@i gr apabl e of substitution
by R2; and the second non ric unit y be selected froma conbi nati on of

20 the above aromatic groups connected by a single bond, ethenyl or ethynl
group. 36 WO 03/103070 PCT/US03/ 16853 10 The cop?J ynmer of claim1,

C Em is;;slecul ar structure
O TR0

wherein the fluorophore npnoes| cunit
selected from Rfn Rh RfR ‘@ﬂg T\

Rin

aees ey
wherein:
Rf can be the same or different at each occurrence and is selected
from hydrogen, halogen, alkyl, alkoxy, and alkylamino groups;
5 n is a number of potential sites in a corresponding aromatic group
capable of substitution by Rf; and
the fluorophore monomeric unit may be selected from a combination
of the above aromatic groups connected by a single bond,
ethenyl or ethynl group.
10 9. The copolymer of claim 1, wherein the second monomeric unit
comprises a molecular structure selected from:

Ron Ron

Ron
N—N N-N N~N N-N —]
_—Qo»_ _40»_<\-_-I=/>_Qo»_ L \-l_/ \_L/ 5\10)_&1

Rzn Ron Ren
Ran

B A O - O

wherein:
15 R2 can be the same or different at each occurrence and is selected from
hydrogen, alkyl, fluoro, cyano, nitro, trifluoromethyl, and sulfo groups;
n is a number of potential sites in a corresponding aromatic group
capable of substitution by R2; and
the second monomeric unit may be selected from a combination of
20 the above aromatic groups connected by a single bond,
ethenyl or ethynl group.
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Rfn ifn

potenti al

by Rf; and

conbi nat i

Rin Rfin -C83" ifn Rin Rin RfFn ift RFn .1 ifn Rin 5 wherein: Kf
can be the sanme or different at each occurrence and is selected from
hydr ogen,wbaBagmng al kyl, al koxy, and al kyl am no groups; PRTIS0x16883rber of

sites in a corresponding aromati c group

oni b TR condBRE Tl £ §Rbtsie Yot b ane§onhisiial o,

et henyl or et hysdmpgrisesa mdleculaestrugioteyselected fcdmi m 1, wherein the

fl uor ophore nononeric unit

Rin Rin Rfin /I

be the sane or

\/ RinRRn/ \ \ 15" '\ \*I"\"37 WO 03/§7§03070 PCT/iSOS/ 16853 wher ei
di fferent!ag e‘ch oc ence #gnd/rs skl ected from hydrogen,
hal ogen, al kyl, al koxy, » 3@ yl a gr ou; ORI nunber  of potenti al

a
nd,

capabl e of substitution

conprises a nolecular structure selected from

rikv IV Rfn Rfn ifn R(nifn Rin_fnfn Rin (\ \ / \ [/ \/ [/

n:

Rf can

sites in a corresponding aromatic group 5 capable of substitution by Rf;
and the fluorophore nononeric unit may be selected froma

10

15

Rin
Rfn

Rin

Rin RI

Rfn I Iin -Tm -|
o / Ol Oad
-5 &35

Rin

Igegeqv
wherein:

Rf can be the same or different at each occurrence and is selected
from hydrogen, halogen, alkyl, alkoxy, and alkylamino groups;

n is a number of potential sites in a corresponding aromatic group
capable of substitution by Rf; and

the fluorophore monomeric unit may be selected from a
combination of the above aromatic groups connected by a
single bond, ethenyl or ethynl group.

11. The copolymer of claim 1, wherein the fluorophore monomeric unit

comprises a molecular structure selected from:

/Tt‘ /Tr: " /TT
O
Rfn Rfn Tfn

/l\ i |\ (" O

Rfn
Rfn

w gl D / O +
) O (42
O-0-0 g

Rin O O
=)
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conbi nati on of the above aromatic groups connected by a single bond,

et henyl or ethynl group. 12. The copolyner of claiml, wherein the

fl uorophowe ognosmeri c unit 10 conprises a dye having a nPICFOs0316883 r uct ur e
selected from ORd O ORI2ZN ONRd2Z NO N Rdn Rdn -03S -03S\' N, N\ N B
\ . N F/B\ Fwik€reimherein: Rd can be the sane or different at each occurrence
and i s sel ected paan hE R BYfAGIRTeRH 208Bch Bebirendd kiRUYs setBdiedl ky! am no

groups; n is a nunber of potential sites in a corre ndi ng_aronmati c group
capabl e of substi t utff&n fwgrqqﬁn,élﬁtpqerﬁ'eaﬁ% a,lflgg)(yb@ng@?@ RO YIOHPE:

Cohnbi n?tion OL tltm Q*P\Q\#ﬂ)e@gﬁ'ﬁi@gérﬁiarl] gi’c@slﬁﬁ?@orréepc?r&ﬂ?marmaticv:grwpoond, i

et henyl or ethynl group .. NE COPRO! r of claim1, erein: the

el ectror-defici ent rﬁﬂ@@ﬁ’@r?&‘g}?ﬁmmm P@e%“ n oxadi azole ring; and the

f | uor ophor e nonotierfiuorophdreanopomees unitpeay berseleptedifyfom @84. An el ectronic

devi ce conpri sing ag%q,‘}ﬁtéih’é@?ﬁ @Yﬁemgqm idﬁjrﬁ]&jéé}%Hgg%Oﬁﬁgeﬂe\g_ gqof claiml.

15. The el ectronic 4,” wherel n t el ectroni ¢ device
conprises a displ ay.single bbingd, ethattyt onpHVALGICY®. of cl ai m 14, wherein the
el ectroni c #2VviThe dopolyeagadf atainf 1 ewhetdimthe flgdrophbtehimonoheris witbl e | i ght

spectrum 38 WO 03/103070 PCT/ US03/ 1685 7. /A copol r conprising a
first nhomeri cCARPESeH dye NW%HHﬁ%?‘ﬁ@r éﬁ‘i"ftyr%\?é?ﬁ%ﬁ%rqrﬁe first

monomeric unit is selected from Rn R Rn R Ran MmMRnnmSm5m
nR, f n Ran R R 81,/n nRR n

ORd o) o} RdoN o NRd;
40e 40¢
Rd
Z Rdn n
% ! ossE ]

Ry Y e Y
F/ Ne

wherein:
Rd can be the same or different at each occurrence and is selected

15 from hydrogen, halogen, alkyl, alkoxy, and alkylamino groups;
n is a number of potential sites in a corresponding aromatic group
capable of substitution by Rd; and
the dye may be selected from a combination of the above aromatic
groups connected by a single bond, ethenyl or ethynl group.
20 13. The copolymer of claim 1, wherein:
the electron-deficient monomeric unit comprises an oxadiazole ring;
and
the fluorophore monomeric unit comprises a perylene group.
14. An electronic device comprising an active layer comprising the
25 copolymer of claim 1.
15. The electronic device of claim 14, wherein the electronic device
comprises a display.
16. The electronic device of claim 14, wherein the electronic device is
capable of emitting light within the visible light spectrum.
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R R inmniIn/ I/ I/ ,n Raln 1n Ran 5 and the second nonomeric unit iIs
select from RZn RZn RZn N-N NN + NNN NN R2n RZn R2n N Ran R2n -- -
=~ - NNN- wbasad3n7o 10 Rl can be the sanme or different at e&ch/usoywssence and
is selected from hydrogen, alkyl, and al kyl derivative groups the al kyl

derivative pco rises an .alk 0] r - units
are repl aceﬂf é‘ r%?rccggpg%ng@yﬁrg.gmolngmen @'Pg@g%ﬁo'lﬁ and -NR -
wherein R connnosmeacomtlwbemﬂnsaturat ed hydrocarbon group R2 can be the
sanme or d'fferqﬂéﬁ%trﬁ@ﬁ&n@ﬁé%ﬁt%‘%@le@ﬂéﬁfrémSE| ected from hydrogen, alkyl,

fluoro, cyano, nitro, tifluorgsrethyl ,Rnand SUWORgI‘OUpS nis a nunber of
potential sites in a e %@7

substitution by Rl or fm TN

PCT/ US03/ 16853 each of the first and second nonomeri ¢ unit may be
selected froma conbi nati on of the above aromatic groups connected by a
singl e bond, ethenyl or ethynl gr:Qup. 18. The copol yner of claim 17,

further conprising a fluorophore DNONEri & un 9. thel o-olyner of
claim18, wherein w cool)y(e @Bbe ) |+ het{ DuONgphor e
Im

mononeric unit conpri SES™Y re than=a immatel,y five perceht of a sum
of a nunber of the first “and secon'd monongric units. 10 20. The copol yner
of claim 18, wherein the fl uorophore nononeric unit conprises a nol ecul ar

structure sel ected from R.n

5 and
the second monomeric unit is select from:

N-N N-~N

—k)—— 4»—@—&)——- —Q»—Q—Q—ko)——

Ron Ron
R,_n

B il O- - h

wherein:

10 R1 can be the same or different at each occurrence and is selected
from hydrogen, alkyl, and alkyl derivative groups;

the alkyl derivative group comprises an alkyl group where one or
more -CH,- units are replaced by a moiety selected from -O-, -
S-, Co.14 aryl, and -NR’-, wherein R’ comprises a C1.100

15 saturated hydrocarbon group;

R2 can be the same or different at each occurrence and is selected
from hydrogen, alkyl, fluoro, cyano, nitro, trifluoromethyl, and
sulfo groups;

n is a number of potential sites in a corresponding aromatic group

20 capable of substitution by R1 or R2;

m is from 1 to 10; and
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ft Rfn Rin /1 I\ /I\ Rin Rin gin ifn RRnIfn RIn/I\ / \' ifn Rn Rin
ifnifnlt / \ "Ih/ \\ 1/ \ Rinl . ifn wherein: 15 Rf can be the sane
or differwptosav3oeach occurrence and is selected from hydpregarsps/b@bdgen,

al kyl, al koxy, and al kyl ami no groups; n is a nunber of potential sites in a
correspondi ng arezuht ofcthgrfvsipand spedricemohomesrict unitst ey beysakegtedritbn he

fl uor ophore nononeri ' : lﬁj%”%rﬂf%{c‘t 0 of the
above aromatic grou[)ag_C%théa@?ééﬂggégbgﬁgf%%%g%@ et heny %q]b%t%hynl group.
40 WO 03/ 103070 PCT/siigge/bppgsstheny] omeidypb@@Uprer of claim 18, wherein the

f1 uor ophor e1groRRERGLLEN WA f PRI 1 B EBirtReFEbRBHERY & fllcdiphbre sel ected from
Rfn Rfn anlﬁ/b/IWR(n Rf n R‘MRNCDmg/ Efnft Rfn Rfn /I1V \~ eV e\
Rfn RfnY \ / \monorgetic Upfferein: 5 Rf can be the sanme or different at each

occurrence fgdtHescsisilpeikeef claim 18, wherein within the copolymer, a number of
the fluorophore monomeric unit comprises no more than
approximately five percent of a sum of a number of the first and
second monomeric units.
10  20. The copolymer of claim 18, wherein the fluorophore monomeric unit
comprises a molecular structure selected from:

/T'\" /T(n Rin /Tf: Rin
Spta

’ Rfn Rfn Tfﬂ
/| N Rin [\ Rin 7N O

+ I
- O

O 0
N
" OO
wherein:
15 Rf can be the same or different at each occurrence and is selected

from hydrogen, halogen, alkyl, alkoxy, and alkylamino groups;
n is a number of potential sites in a corresponding aromatic group
capable of substitution by Rf; and
the fluorophore monomeric unit may be selected from a combination
20 of the above aromatic groups connected by a single bond,
ethenyl or ethynl group.
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from hydrogen, hal ogen, al kyl, al koxy, and al kyl am no. groups; nis a
nunber of potential sites in a corresponding aromatic group capable of
substi t utwornshy3oRf ; and the fl uorophore nmononeric unit mapcCrasSesl@st ed from
a 10 conbi nation of the above aromatic groups connected by a single bond,
et henyl or ethynl group. 22. The copolynmer of claim 18, wherein: the second
nmononeri ¢ unit. CRIpEosEgmen ob xrdinasy wheréinghe dlndrophore frhomorophio urit mononer i ¢

unit conprises a r i I r of claim22, wherein
t he fl uorophore Fﬁﬁ@ﬁégg% rﬂﬂ%t%ﬁlaégsﬁﬂgﬁlsr%-ﬁg@gecgéeﬁ)ﬁ ﬁgfz group and an

oxadi azol e ring. 24. The copol yfper of ckaim 18, @yein the fl uor ophor e
nononmeric unit conprises havi A@@Q- eructure sel ected from
RJO O Rd2N O NRd2 N O N+ Rdn nt/ I _03S-03S "N~ \ NB\ .NFF F~F \I/
41 WD 03/103070 PCT/ US03/ 16853 wherein: Rd can be the sane or different at
each occurrence and is selected from hydrogen, h% ogen, al kyl, al koxy, and
al kyl amino groups; n is a ny@ber ofyr pokenti al si n a correspondi ng
aromatic group 5 capable o sti ti{gnoby Rd; =mtithe dye may be sel ected
froma conbi nation of the above aromatic groups connected by a single
bond, ethenyl or ethynl group. 25. The copolyner of claim 17, wherein: the
copol yner conprises a first pl ul’f"ality of fii"st nonoperic units 10 and a

second plurality of second nignéei c unitg@nd a $eafido of the first
plurality to the second pl e Ads in .@..@o o] proxi mately 1:100 to
100: 1. 26. The copolynmer of claim 17, wherein: a repeating unit conprises
the first nononeric unit and the,second 15 nononeric unit; and each

pol ymeric nol ecul e of the copol yimer has no nore than approxi mately 3000
repeating units. o .@
OO~

wherein:
5 Rf can be the same or different at each occurrence and is selected
from hydrogen, halogen, alkyl, alkoxy, and alkylamino. groups;
n is a number of potential sites in a corresponding aromatic group
capable of substitution by Rf; and
the fluorophore monomeric unit may be selected from a
10 combination of the above aromatic groups connected by a
single bond, ethenyl or ethynl group.
22. The copolymer of claim 18, wherein:
the second monomeric unit comprises an oxadiazole ring; and
the fluorophore monomeric unit comprises a perylene group.
15  23. The copolymer of claim 22, wherein the fluorophore monomeric unit
comprises a perylene group and an oxadiazole ring.
24. The copolymer of claim 18, wherein the fluorophore monomeric unit
comprises a dye having a molecular structure selected from:

T \ =R
N\ N‘B'N , N\ N,B,N =
7N\ 7\
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27. The copolynmer of claim 17, wherein an average nol ecul ar wei ght of

pol ynmeric nolecules within the copolyner is at |east approximately 20 105
g/ nol . 28woAn/1edoect roni ¢ devi ce conprising an active | ayePCrarsps/iasshg t he
copolymer of claim17. 29. The electronic device of claim28, wherein the
el ectronic device conprises a display. 25 30. The el ectronic device of
claim 28, whereayherelre el ectronic device is capable of emtting |ight

within the visi bll‘\f‘\d };é.%te thS %%Fnreugr] diﬁ%rent at each occurrence and is selected
from hydrogen, halogen, alkyl, alkoxy, and alkylamino groups;
n is a number of potential sites in a corresponding aromatic group
5 capable of substitution by Rd; and
the dye may be selected from a combination of the above aromatic
groups connected by a single bond, ethenyl or ethynl group.
25. The copolymer of claim 17, wherein:
the copolymer comprises a first plurality of first monomeric units
10 and a second plurality of second monomeric units; and
a ratio of the first plurality to the second plurality is in a range of
approximately 1:100 to 100:1.
26. The copolymer of claim 17, wherein:
a repeating unit comprises the first monomeric unit and the second
15 monomeric unit; and
each polymeric molecule of the copolymer has no more than
approximately 3000 repeating units.
27. The copolymer of claim 17, wherein an average molecular weight of
polymeric molecules within the copolymer is at least approximately
20 10° g/mol.
28. An electronic device comprising an active layer comprising the
copolymer of claim 17.
29. The electronic device of claim 28, wherein the electronic device
comprises a display.
25 30. The electronic device of claim 28, wherein the electronic device is
capable of emitting light within the visible light spectrum.
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