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It is well known to use organic electroluminescent compounds as
20 the active component in light-emitting diodes. Simple organic molecules
such as anthracene, thiadiazole derivatives, and coumarin derivatives are
known to show electroluminescence. Semiconductive conjugated
polymers have also been used as electroluminescent components.
Polymeric materials with stilbenyl or oxadiazole side chains have been
25 reported by Holmes et al., U.S. Patent 5,653,914.
Many electroluminescent materials have poor charge transport
properties. To improve these properties additional charge transport
materials can be added to the light-emitting layer, or as a separate layer
between the light-emitting layer and an electrode. Hole transport materials
30 have frequently been employed. Known hole transport materials include
simple molecules such as N,N'-diphenyl-N,N'-bis(3-methylpheny!)-[1,1'-
biphenyl]-4,4'-diamine (TPD) and bis[4-(N,N-diethylamino)-2-
methylphenyl](4-methylphenyl)methane (MPMP), and polymeric materials
such as polyvinylcarbazole (PVK), (phenylmethyl)polysilane, poly(3,4-
35 ethylenedioxythiophene) (PEDOT), and polyaniline (PANI). Itis also
known to use electron and hole transporting materials such as 4,4’-N,N’-
dicarbazole biphenyl (BCP); or light-emitting materials with good electron

and hole transport properties, such as chelated oxinoid compounds, such
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20 mean material that can receive a posmve charge from the anode and
move it through the thickness of the material with relatively high efficiency
and small loss. The term “hole transport polymer” is intended to mean
polymeric hole transport material. The term “polymer” is intended to
include homopolymers as well as copolymers having two or more different
25  repeating units. The term “functionalized polymer” is intended to mean a
polymer having at least one functional group(s) capable of reacting to
attach a fused aromatic ring group to the polymer backbone. The term
“functionalized fused aromatic ring compound” is intended to mean a fused
aromatic ring compound having at least one functional group(s) capable of
30 reacting to attach to the polymer backbone. The term “photoactive” refers
to any material that exhibits electroluminescence and/or photosensitivity.
The term “(meth)acrylic” is intended to mean acrylic, methacrylic or
combinations. The term “(meth)acrylate” is intended to mean acrylate,
methacrylate, or combinations. In addition, the IUPAC numbering system
35 is used throughout, where the groups from the Periodic Table are
numbered from left to right as 1 through 18 (CRC Handbook of Chemistry
and Physics, 81st Edition, 2000).
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Reacti on
the fused aasmrylammegmtﬁbs amdicafbalzewgrsaps the first type and second
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be forned ihaving arfiattyperof reactivegroup (dundtionatizedpblyneerywitl a fudescul es to
pol ynmers ar eayihatic ring compound having a second type of reactive group
20  (“functionalized fused aromatic ring compound”). This is shown
schematically in Reaction (1) below.

Pol-R! + Ar-R2 = Pol-R3-Ar + (S) Reaction (1)

25  where Pol represents the polymeric backbone, Ar represents the fused
aromatic ring, R! and R2 represent the first type and second type of
reactive groups, respectively, R3 represents the linkage resulting from the
reaction of R and R2., and S represents any byproducts which may be
formed in the reaction.

30 Techniques for attaching small molecules to polymers are well-
known, as in the coupling of biochemical ligands to latex particles. This is
discussed in, for example, Uniform Latex Particles, by L. B. Bangs (Form
# 1661-84 from Seragen Diagnostics, Inc., Indianapolis, IN, 1984). For
example, a polymer having carboxylic acid functional groups can be

35 reacted with a fused aromatic ring compound having amino functional
groups, forming an amide linkage. Alternatively, the carboxylic acid group
can be on the fused aromatic ring and the amino group on the polymer.
Similarly, hydroxyl groups react with acid chloride groups to form ester
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the fused arbnhbctionaligzed Poliselcan be attached. Some categories of useful
pol ynmeri c backbongpeifofttiehalized polymeric compounds that are useful in the
20 - present invention can be generally described as having: (a) a polymeric
backbone; (b) a plurality of a first-type functional group; optionally (c) a
spacer group between the polymeric backbone and the first-type functional
group; and optionally (d) a plurality of second-type functional group(s) that
are the same or different from each other. The polymeric backbone can
25  be any polymer or copolymer having the desired properties and
processability, and to which the fused aromatic ring groups can be
attached. Some categories of useful polymeric backbones include
polyacrylates; polymethacrylates; polyaramids; polystyrenes; polyarylenes;
polyvinylenes, polyvinyl ethers; and polyvinyl esters.
30 The first-type functional groups useful for attaching the fused
aromatic ring groups, are any of those discussed above as part of a
reactive pair.
The number of fused aromatic groups on the polymeric backbone,
which also can be described as the “density of fused aromatic groups”, will
35  affect the efficiency of the polymer as a hole transport material. However,
when choosing the polymer, other factors should also be taken into
consideration, such as processability and film forming capability. For the

polymeric materials of the invention, the density of fused aromatic groups
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functlonal group. The second-type functional group can be present to
modify the physical properties of the final polymer. Examples of such
types of groups include plasticizing groups, such as alkylene oxide groups,
and reactive and/or crosslinkable groups, such as terminal vinyl groups

25 and epoxy groups. The second-type functional group can be present in
the polymer backbone, in the spacer group attached to the first-type
functional group, or in pendant groups separate from the first-type
functional group.

The functionalized polymer can be made using monomer(s) having

30 the desired functional group(s), using conventional polymerization
techniques. Examples of suitable monomers include (meth)acrylic acid
(carboxyl functionality); 4-styrenecarboxylic acid (carboxyl functionality);
aminoalkyl acrylates and methacrylates (amino functionality); hydroxylalky!
(meth)acrylates (hydroxy funcationality); glycidyl (meth)acrylate (epoxy

35 functionality); and similar monomers having the desired functional group.

The functionalized polymers can be a homopolymer or a copolymer.
The copolymers can be prepared so that they are random, aiternating,
block, or comb copolymers. The process for forming these different
5
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the functional groups to monomers, using the same coupling chemistry as

described above. When the hole transport polymer is prepared from

functionalized monomers it is possible to get more structurally well-defined

polymeric materials. The functionalized monomers can be polymerized

25  using processes that result in different structures, such as block
copolymers, alternating copolymers, comb polymers, and other known
polymeric structures. When the hole transport polymer is prepared from a
functionalized polymer and functionalized fused aromatic ring compound,
the reactions occur in a more random, statistically controlled manner.

30 IV. Devices

The present invention also relates to an electronic device

comprising an organic active layer sandwiched between two electrical
contact layers, an anode and a cathode, wherein the device further
comprises the hole transport polymer of the invention. A typical structure

35 is shown in Figure 1. The device 100 has an anode layer 110 and a
cathode layer 150. Adjacent to the anode is an optional layer 120
comprising a hole transport material. Adjacent to the cathode is an

optional layer 140 comprising an electron transport material. Between the
6
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conpri ses t hadjagkeat to thesgnode qrathg wathoale. tMest frecrrentignthefsupportasl structure

cathode | ayepUpssRt i dnodk T ¥yfifort o BRTRBIEBPigid, Biilyc 6, 50° ©
conpri si ng ainasganicr &lmmauy, ipdassy ordflexibie josganic filnas arecused A9 asuppoHn

ti I 14 ' : § Aale. Bet ween the 6
V0 031 088036 P, EQ%%"%’&E?W’&‘S%@%&%‘”?H@é%?ﬁ@'&&‘agggﬁ ROl onal char ge

transport | ajfdeeing er gajlecting pasifive sbaiagcarages: 11.gan bemeadr Pk ferr ansport
pol ymer of t BRamp¥ehistéinals Sonfirag Atméfal trhiked Maatal %||§im5@| loRigerorl 30,

' . . 120. | th h
Funct onal 1 DR magsalidias it Sthe asiancschg Rolien piaDIeRElaley | oo

general |y al swludecthedBeoup $1mstals, thehhetalcmnGlripsadlj 5 @adt6, tandtthe a_rll_(r)]de or
th th : r J. S | cant e . e
support Shn G1npe S GG pleifts SHERRbAn o hBHSPEER abREBRENS "], o
or flexible &uentdUPAGiormad). kthe anode isdp perlight-rangimétiagyodixed10 i s an
el ectrode t Niethfoxidéd bfGHdids/2,55, 1, A3UHd 1PMethi8] S5H 9fiufifin- ¢! 1 ng
positive charge carriers. It can be nmade of, tTor exanple materials

cont ai ni ng aCk¥ealA capgugtinggralymer sugh aspalyB Hethylenedioxythierhena)al oxi de,
or it can be(REDOWUghd pelyaallineERPANPLEARBE GsBB WHeh thetonddetiifyas & oup 11

ot o A b 2 i it sk e i 155 il ad cobiodEsoukd o 2Tt ©"
at least partially transparent to allow the passage of light into or out from
the active layer of the device. :
inorganic anode layers are usually applied by a physical vapor

deposition process. The term “physical vapor deposition” refers to various

25  deposition approaches carried out in vacuo. Thus, for example, physical
vapor deposition includes all forms of sputtering, including ion beam
sputtering, as well as all forms of vapor deposition such as e-beam
evaporation. A specific form of physical vapor deposition which is useful is
rf magnetron sputtering. The conductive polymer anode layers can be

30  applied using any conventional means, including spin-coating, casting,
and printing, such as gravure printing, ink jet printing or thermal patterning.

The hole transport polymer of the invention can be present as a

separate layer 120, or in combination with the emitting material in layer
130. The polymer layer can be applied using any conventional application

35 means, as described above. The polymer is generally applied as a solution
or dispersion in organic solvents such as dimethyl sulfoxide, N-methyl
pyrrolidone, dimethyl formamide, acetonitrile, propylene carbonate,
propylene glycol monomethyl ether, dimethyl acetamide, and
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(current IUPAC format). If the anode is to be light-transmtting, m xed-
netal oxides of Goups 2, 3, 4, 13 and 14 netals, such as indiumtin-
oxi de. A wondwgdneeig pol ymer, such as pol y(3, 4- et hyl enedi opgrhiSoptasae)
(PEDOT), and polyaniline (PANI) can be used when the conductivity is 20

reater than, 10-2 .S/.cm | east on f .t.he anode.apd cat hqde should be at
Igeast partiaﬁquﬂahb’pﬁ?m%‘réh?e P%ncﬁﬁ?r@ﬁPﬁﬂéE%B@é{%rbq H]q @‘ﬂ\’eri%ﬂggogr out from
the active | pgricularlytdniticdlesodeng as thegsolutiorapodispeesian sambe ogated toy appl i ed
by a physic . bt S o ' 0
depost 11 on |oue Sopufiihi, IR Anfa-Sonfdlts bLiRbeRMPhalhg 138%%, | |
vacuo. Thus, by weightafthe polymesicaalbe/asrdt deposition includes all forms of

Gopos: 11 on suich adl SpeYases KThap O deSiratle to Al adftioNal Mot T cal vapor

eposi tion such as e-beam. ev :

degosi ti on WHRBPPOTE '%@é?’ﬁﬁt S‘?’QV‘P"S m@%&%mr%ﬁggtb@ﬁt?ﬂsnﬁwmﬂt@%@ ductive

pol lyrfgr anodExbﬁmﬁEsSomnebettji&bl@halei teshsportgatenialscion Vayer have lbeepans, y
spin-coat.i ast i a | vure printing,

|k fet e nEg e or FRAmBRY iR Rme Rt BB AL ol "ot "Phe

i nventi on caifebengogygdmurtitsEditieppdolati8, p a§3F-86201 Sl)Qﬁ biyrY.diabgndaatbon \évl th

th 1t terd : I r I ed using

any conviht BB FarsHortidl iibiétugs'ail polidlS ifTe ot CORMmdYy BRBY) IF 1S 2

gener al | y apppledeangpastingmaleastes wﬁ:m,dewaeaw-mwﬁmetf§MWM s such ?s
di met hyl sul ﬁﬂ%’i-lsii?he%l]mm)ﬂﬁarﬁi}ﬁér(WPmoﬂ,ﬂ»biéﬁf(d‘if‘tl- lahfiéyam de, acetonitrile,
b ) | lyeol | , di met hyl
Dot am de, - aRRSVsatonPuaed SEAPEH AL S 8a8ey heanyd Bi-bisdr. The
confent rati ogtrqipﬁdwl ; N0l y18 13 -diméthgl)siphaeyl ,iﬁdmﬁineltC(Eﬂ‘P}Dwtewdkis-G{J ti galS
t on can be .co o for onti nuou
Frim o penteiipbeniENTal V2G5 b8 uERRRiy iR P OR P ane ARG o7 *tre
pol ymer can UOiphesgldmibostyresen@@ RS)spLdiethylapinodbeleldetyde t o have an :
dditi | h L1, t . ranspor
materi oo, fpnenyhERRne A PRy BRINEXTORE il AR digthybihigl " PUET
have been s@ﬁ%NMWBM-WM@“Yi)W%W@ (MRMIR), Eheoybddpi a of Cheni cal
Technol ogy, ffiethylankifbisteii]-svpldiekfylaminSphe Pp{lr%ggﬁhe R-oréng. Both 10

MR L S M s SR S T A g P
N,N,N’,N'-tetrakis(4-methylphenyl)-(1,1’-biphenyl)-4,4’-diamine (TTB); and
porphyrinic compounds, such as copper phthalocyanine. Commonly used
hole transporting polymers are polyvinylcarbazole (PVK) and
(phenyimethyl)polysilane. Conductive polymers such as poly(3,4-

25  ethylenedioxythiophene) (PEDOT), and polyaniline (PANI), can be used
when the conductivity is below 10-2 S/cm. It is also possible to obtain hole
transporting polymers by doping hole transporting molecules such as
those mentioned above into polymers such as polystyrene and
polycarbonate. These materials can be applied by conventional coating or

30 vapor deposition techniques.

In many cases, the anode and the hole transport layer are
patterned. It is understood that the pattern may vary as desired. The
layers can be applied in a pattern by, for example, positioning a patterned
mask or photoresist on the first flexible composite barrier structure prior to

35 applying the first electrical contact layer material. Alternatively, the layers
can be applied as an overall layer and subsequently patterned using, for
example, a photoresist and wet chemical etching. As discussed above,

the conductive polymer layer can also be applied in a pattern by ink jet
8



[1, 1" -bi phenyl]-4,4"-diamne (TPD); 1,1-bis[(di-4-tolylam no)

phenyl ] cycl ohexane (TAPC); N, N -bis(4-nethyl phenyl)-N, N -bi s(4-

et hyl pheryD)03fod6026 - ( 3, 3' - di et hyl ) bi phenyl ] -4, 4' -di am ne @PETRE)3/09851
tetrakis- (3 15 net hyl phenyl)-N, N, N , N -2, 5- phenyl enedi am ne (PDA);

o By oDl ARG, Nl BAdal o ViR e BRI g oy o
2- met hyl ph_enprqoessasefquﬂeempg)thateareaveﬂ KridwPin; the-grheary hisa-Hepused.
ey 2m,n0) ot ¥ DibbndmbRidds B MRERRA SRR Hohice % 3ttt faeP” 20

DEASP); 1,2-trans zoI clo
NN, N N -tef Bgréa@(bﬁ%@fﬁﬁrﬁmwla)ve(é\ai is actiyated byam appligd ¥eitage (TTB) ; and

for phyr I {15 ﬁ %ﬁf\;a g@gféinmﬁwvglc@iaaégrEggigﬁh%g\alﬂld%ﬁrce%'lﬂ}ek yf used hole

oot oA Th . REBo R 1 fBIAE Shar e SENRIRtans Signal with orog

et hyl enedi oxwithoodve appli€dPbi@eVoltage ¢suuhl aini & phetodefddtor), craaldyer mﬂ | when
ol e

L encont hoCebler b dpbla ot oot biedl Byl RS PRI AL, " o

ment i oned abovegolancell.pbxkgmplas @ﬁ&iectasal;ﬂﬂvymyrwc%mlnbtop@mmwonat e. These

mat eri al §0 CaBelﬁ%? ng%f&ré?@to%’ t@%w é%&ahhﬁﬁ%‘dﬁggt&% and pHeRAibeERAZ i on

technlqu cases anode an e trans ort ayer ar e

patterned. | PhP@VQ aercellsre these tewas ea desaribRd) Markysalohibsi red. The

| ayers can bEle'r&m@mésdahd‘A@clé@hﬁc%@tcﬁdnar?%?@éﬂﬂwm (VRGrai-[AIN Mg, & pat terned
mask or phOtﬂégél st on the first flexible conposite barrier structure prior

to 35 applyi he first electrical contact | ayer material. Alternatively,
the layers can bWharplthedctige Eyeoisdighitlentitiing; thenklyeulwillesmmit fighywhen t er ned

above.  The SURERCEPER BRLRIS PRt Yr GlET Rt o Tl o by
ink jet 8 WDoeouitiog@Ctive RYEr USHB3¢@HsHlanyoiganicglectrolumingsoeny or etheeen
printing, or qu:aW d*ﬁéhttérﬁﬁtﬁ{gefna?é’ﬁé@r hEHme%Hﬁlg ca ¥ E@Eﬁ%él@éul@at terning

that are well Known i n can a ng upon t
appl i cati on Braterqls guch @ thoee deseribed:inylor exgeple, i"ﬁ\g@&h be a

light-emtti patdryesse 829, Van swwevataerdm Patewmsa@cso'pltﬁ@we&ar(ts gg?l 2|S in
PR A ST AT MR R K O Ok S
appl i ed bi asmatéfialyg€ahbecdrganoimetallichovhusiexes; tasrdesceibed in, Fgesxdrmple,
published US application US 2001/0019782 and published PCT
applications WO 00/70655 and WO 01/41512. Alternatively, such
materials can be polymeric materials such as those described in Friend
25 etal (U.S. Patent 5,247,190), Heeger et al. (U.S. Patent 5,408,109),
Nakano et al. (U.S. Patent 5,317,169), the relevant portions of which are
incorporated herein by reference. Preferred electroluminescent materials
are semiconductive conjugated polymers. An example of such a polymer
is poly(p-phenylenevinylene) referred to as PPV.
30 The light-emitting materials may form a layer alone, or they may be
dispersed in a matrix of another material, or may be combined with the
hole transport polymer of the invention. The concentration of the charge
transport material has to be above the percolation threshold of
approximately 15 volume %, such that a conducting pathway can be
35 established. When the density of the material is close to one, 15 wt% is
acceptable as long as the percolation threshold is reached. The hole
transport polymer of the invention is generally present in an amount of
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converts radiant energy into electrical energy, such as a photovoltaic cel
or solar cell. Exanples of electrical devices include photoconductive 10
cell s, phwWD®B®8403¢ or s, photosw tches, phototransistors, amdTaisoyessbes, and
photovoltaic cells, as these terns are describe in Markus, John,

T966) .r°3¢éfegﬁﬁ%t'“ti¥°.e€%%f'@§9@ﬁthhif’q”ﬂas?;ﬁiqniﬁgttﬁf‘aﬂ&e'qqn&w%?ﬁ't'ﬁbb o™ | g
when 15 suf preferably 5 4s 80t brueeight. applied to the electrical contact
| ayers. The |ight ThSré‘cW %Qgélﬁé !éél%r b@?féfahl%m%o{%cﬁén%séﬁﬁhr@ r%@b?f

el ectrol um nescent or ot er mat eri al's
mat eri al s caf0#$®0saI | nol ecul e materi aI s such as those described in, for

exanpl e, fang, U. Whé?é&ﬁ@bcﬂvé”l%@eﬂ%&ncéﬁ@raﬁbdkﬁafﬁho%deteé{oﬁ thE AR
4,539, 507, the rel.evant are | ncorlﬁgr at ed her ei n by

ref er ence. TFf’éHOPQﬁttOé%"?N ﬁé))erg*ﬂ“g Rraggc%saﬂsl%‘ pReIVIR PEMPRUR | exes,
as descri bedbiagedfvoltags aidterialshi resperd tdBrauimitlemtr y)anw& 2apHb1©019782 and

bl i shed P 2 atively, such
Pr;t elrisales ca eﬁ%%'hﬁ%ﬁﬁ%‘%g%%ﬁe%s\zq.@ﬁgég&'ﬁé %s%?‘%oéﬁé |nn Friend 25
et al. (US. pnatoenndBctwemalBOPhouaemgs;orsephatqutbhss Mmtetnanssm?is W{llog%
Nak I o] ich are
[ ncgpgo(rag gd éﬁé&eﬂ%aﬂg%?gﬁ%%aﬁg r&%(fr@ié{?ﬁg mﬁénegg@nt materi al s
are seni condalﬁctrwrelaﬁpe@atreateﬂalsyrMa@naMhamﬁppeddo radiant engr@yyner is
poly(p Fhen%ﬁfﬂﬁ’é/bép{étﬂé%\‘ g@ﬁéﬁtrngch éngnaﬁmﬁfaat a%ia%’@vb!tﬁ'é (%tdg iRY o
materlials nma orm
Thother mat efesase,d" aabStasondivecie g o barvoRale Gell BrLSE TasBelher  of
t he inventiothatEhermmllyEmacaﬁd light ahd tiereb gegerate raagignalr tSunmtughtal has to

2 conauch ngsRarieghedbal "SR neraRORC AR TR SmdR MRy o T he T

mat eri al i s co:mggate@l polgmetsand @aciro- and phokbluminestentgnaterialse per coI ation

gener iy pr SREeRc el e, PRk BEMER PRICO BRI 0w 15

to 99% by weMade fromsamisandycdingRalymers! okt Yes Kt Rakkar, @ndy. J.ayer ,
pref erably 2HebgeBQPM,ya/vw'm@étronT@Mae@ﬁa/yw&r 23nHs 0b8NB (@008Y @ny has a
thi cknesi | nl\/{éﬁ F&R?%omposﬂes Wl81 CRI”IBPV (“Efficient Photodiodes from
Interpenetrating Polymer Networks”, J. J. M. Halls et al. (Cambridge
group) Nature Vol. 376, pp. 498-500, 1995).
The active layer 130 containing the active organic material can be
applied from solutions by any conventional means, including spin-coating,
25 casting, and printing. The active organic materials can be applied directly
by vapor deposition processes, depending upon the nature of the
materials. It is also possible to apply an active polymer precursor and then
convert to the polymer, typically by heating.
The cathode 150 is an electrode that is particularly efficient for
30 injecting or collecting electrons or negative charge carriers. The cathode
can be any metal or nonmetal having a lower work function than the first
electrical contact layer (in this case, an anode). Materials for the second
electrical contact layer can be selected from alkali metals of Group 1 (e.g.,
Li, Cs), the Group 2 (alkaline earth) metals, the Group 12 metals, the rare
35 earths, the lanthanides, and the actinides. Materials such as aluminum,
indium, calcium, barium, and magnesium, as well as combinations, can be
used. Li-containing organometallic compounds can also be deposited

10



5 Where the active layer is incorporated in a photodetector, the layer
responds to radiant energy and produces a signal either with or wthout a
bi ased vowbagesecokéaterials that respond to radiant energy aad/use3/empnbl e of
generating a signal with a biased voltage (such as in the case of a

Phot of ubes)  PRBHETb U oBSBldaie Al Ik ABRCReL P Bl R bBRIRS < 7
_eI ect r ol um nastiage. mat eri al s. Mat eri al s t hat _respond ][O r adi ant enerigx ?Rg
case of a phot ocontaciniode ByBFE, sty apic By KR VRS, depEs | T
that cheni caPrgcassadh geperalhe cathrdenayenyilles patigraed, as gisgussaslich | ght 15
sensi ti ves chegbgald béfél‘é%léiw%é@h@d% aé;%rigng:aﬂﬂeban@ggﬁs{@ﬂ@ﬂtygﬁr;@y Sheci fic
exanpl os. i noale SIBNIar BioBeRBNONPHIIUER 21 REHSERND PORBILELAIERe made 1 om
sem conduct i fgyepol ymers” I G VYu, K Pakbaz, and A Ja Heeger P JVour naLSioI o
w th o PPy (et Ononetanst 140 B S bad R kiR bt iatoRar ™
Net wor ks, Jand.alse sewvelas abufer layenabeorfement tayer toiprevent daenctang, |tog.r -
Can e Mo er S ARy RSN I o i -
spi n- coat i ngMobilgy @adiredycesadensining reastiomse Examples of ¢janiren Hanepedl s can
natr o of t i aehal fopupHcraiayes s ihelate B AR AR SR CORpaAS ot
B?eg L(rasgr angugﬁ@ﬁ t”%@?hl/d’ ?XX%'"M@%%PW’P (‘f\mb‘gfq@n_ﬁ?"ﬁ@tifiab‘%‘ The
cat hodle 150 iconphexasanithy pﬂenyllm/th‘iidirte Wg?ﬂdr?‘g‘ffﬁe'%'ﬂa@iﬁﬁg 20 IC gjn egte I ng
o et oS SyEAAEPAR" udl a H ABLEY BRI  Sonk R SRS
el ectrical coluaber 024§29014; phenasthraline-basedcardppunds; tsech i’dss f or E)Eg iecond
Cecar H C%s’j—aﬁ'ﬁﬁb%zfﬁﬁﬁe R BReRenfoeT bR A) 87 2 dpfin/P 0 het el
the rare 35 datd-paenanbralingt(p )derd agelg qomePUndsaUgEas Mderial s such as
an be. sedm o D D B0t 25 be deposi t ed
10 WO 03?@868%%@”@8&?@38@@%3 Vbh\agél’n@éﬁ?'@ (ITZ\%f and the cathode
layer to | ower th©ptippakbyen140 can also be made with polymeric materials.
Examples include poly(fluorene-oxadiazole), as disclosed in copending
application Serial Number 09/546512, and some polyphenylenevinylene
polymers (PPV), such as cyano-substituted PPV.

25 It is known to have other layers in organic electronic devices. For
example, there can be a layer (not shown) between the conductive
polymer layer 120 and the active layer 130 to facilitate positive charge
transport and/or band-gap matching of the layers, or to function as a
protective layer. Similarly, there can be additional layers (not shown)

30 between the active layer 130 and the cathode layer 150 to facilitate
negative charge transport and/or band-gap matching between the layers
or to function as a protective layer. Layers that are known in the art can
be used. In addition, any of the above-described layers can be made of
two or more layers. Alternatively, some or all of inorganic anode layer

35 110, 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 is
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vol tage. The cathode | ayer is usually applied by a physical vapor
deposition process. In general, the cathode |ayer wll be patterned, as
di scussedwb aheaes i n reference to the anode | ayer 110 and PCcarnmbos/bIsse

pol ymer layer 120. Simlar processing techniques can be used to pattern

h hod I ' |, 140 f ' X i i
el ct ron tr aREIBRADY HleiectoEbRlaating B8 Gerkar nraYar Yy b8k Mltient | ayer
to prevent ghighcdevice effidienegcti ons at | ayer interfaces. Preferably, this

| ayer pronotes el r QN [d ; ' -r@aﬂ:,ions. Exanpl es
ofyel ecr:)t ron tfansggrgt&@}rdéf%r{l %‘]&‘g”?ﬂc?}e@%?%%ﬁ%%per F{]E.%btrl nclude net al "
chel at ed oxi insliidedipyrredn a syitable substrate; Subsiratss sichas ataspandni num

(Alg3); cycl ?aggf_r@érlcaﬁlﬁ% ddii 15 Uk GROSRReYRd1aRbEN | appidddonse | i gands

havi ng fl uor ont ai ni nq 15 substituepts, such as those disclosed in
copendi ng apfHpsisteanddbeilayers Qigbuit wRrendhere. HRWENRE it isinosebie g
COWADngng.S, hsﬂﬁélt ly t%eg:aﬂlir\]m h)yz?] séb;&fatégldmdraddthe Iéyérsﬁhelli‘@rém&h i ne (EDPA)
or 4,7-di phenyl - - nanthr ol i.ne ; : s such as
2-(4- bi pﬁen;??/qﬁr)-%-gfﬂ-efaﬁbﬁ?ﬁ %@®|W9i§ W’ﬁ%’?&ﬁgé‘?@{@ﬁ?%@%ﬂd 3-(4 20
bi phenyl yl ) - Hipkreasgks 54irjerganiouanddetktdy 5D050004A  prieferably 100822000 &pt i onal

I 14 | ' | . includ

ol v 11 ubl onoPRoad o HaHEpdi P08 56,2500, Bictsbly 2B0BTUER, 10007

Nunber 09/ 546bemactive laysid 3801 0RRYA detarahily 4A8-8QbA; aptiengl plRgiTonsuch as
cyano- substi tiah8goftRer 330! 501D00R BtefePaip LDOBATRA; LathBae 150, Or gani ¢

el ectroni c devi ces. r xanppl e can be a layer (not shown) between
t he conduct i %éO'WWrY&rpr?%@gBﬁ@'é&idghe active layer 130 to facilitate
positive charge transport and/or b%ma Egat ching of the |layers, or to
function.as a prqtecgtjve layer. Simlarly hepe.can be additional |ayers
(not shohsy 30 bentsaniofinadiEmaes fhsfateberallieni®d A Aanset 1501 o
facilitate oéthe presenhinvgetiom. ahb@pate iatehded tbdediligstpativet afttheg bet ween t he
| ayers, or ty Do | e t in the
IientOf bthetTiitt JAf Belotfysere AuEiohy I EhBelNEET Lo

art can be used. 1h a I'on,~‘any”o ove- aye
made of twoinslicatede | ayers. Alternatively, sone or all of inorganic anode
layer 35 110, the conductive pol ynexah@®{®s 320, the active layer 130, and

Cr anspor 20 411 i cf SHEPS CHRDRSFAIGIIP tHal@MANPD of & T UBSUaRIEed ReNTBRponent
| ayers is  Materials
CN-PPV is a cyano-derivative of poly(phenylene-vinylene). It is
similar to that described in Gang Yu and Alan J. Heeger, J. Applied
Physics 78, 4510 (1995).
25 Green PPV and other PPVs are derivatives of poly(phenylene-
vinylene) similar to those described in D.M. Johansson, G. Srdanov, G.
Yu, M. Theander, O. Inganas and M.R. Andersson, "Synthesis and
Characterization of Highly Soluble Phenyl-Substituted Poly(p-
phenylenevinylene)", Macromolecules 33, 2525 (2000).
30 C60 is a fullerene molecule, which was purchased from BuckyUSA
Inc., Florida. PCBMI[6,6] is a fullerene derivative with functional side chain,
which was synthesized following the procedure published in iterature [J.C.
Hummelen, B.W. Knight, F. Lepec, and F. Wudl, J. Org. Chem. 60, 532
(1995)]. Details on its physical properties can be found in N.S. Sariciftci
35 and A.J. Heeger, Intemn. J. Mod. Phys. B 8, 237 (1994).
PFO is a poly(fluorene-oxadiazole), which was prepared from the
fluorene-dicarboxylic acid, as follows:
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11 WD 03/086026 PCT/ US03/09851 preferably determ ned by bal ancing the

goal s of providing a device with high device efficiency. The device can be
prepared wo sesgweati al |y depositing the individual |ayer®carusas/sasst abl e
substrate. Substrates such as gl ass and 5 polynmeric films can be used. In
nmost cases the anqde,is.apnl |, d.the | s, are built
up fromthere. Howe : < et

substrate and add 7tg1ef mgaesumwahplaoe'dena%omnﬁiﬁask and gmhﬂaldad tds he

anode. 110, 53002 ddkr BRYGirblgy) 8B RASORS ddeq RIGHRATHSRe frpEl 900 ¢
| ayer 120, Spapsgf@ saoluwm(%}miilqty ’:ﬁb@otaﬁmlhrompwaa&-ewlhwbr 130,

10- 1000 \z h gp&ppgs | ayer 140,
50- 1000 A AS Brmg?g%bi ! 1§p@ryAF;H Phfefthe %a%%'g%s' phRESEs i abi y

300- 5000 A. mmieé@v tms Wpﬁamm 9°‘§9<’?ﬂﬁﬂ‘é§e ﬁPiUHQB)r é‘i‘% f%‘g?tnéﬁﬁﬁ feat ur es
and advant ages the§ollitien Wae ritled! dfbﬁms}eth ahy Vingé e After eglgddition e

el ot AL B b WAL Bl o Ehaib e Soshipnal 106 R AR 2 © by_
il lustrate tA&F oaswdded. dthearebotion mixtare wed tipert gosled to kbdrar i al s CN- PPV is
estri bedt| n(enpgRalle, NG BPARY B Tfactbitie PRithe ibhctich il 3hg e 15"
(1995). 25 Gflesk m\srmk&nmﬂbﬂwennvscawesmli maqedvé&ftarfth@@kyemenyl ene-
vinyl ene) si %&Intfo?d féé%(?éﬁéﬁdoﬁ’agd' Qo@n%‘ﬂofégb)@ﬁz&‘aehioﬁg adid@Raey. G Yu,

M Theander, anas ersson 'S an

|
Char act eri zatapGEd gg the maiduesofhppel Fﬂ@'é’rf?ﬁldgﬁb’&fﬁ extragiedihregdimes by
phenyl enevi nxaltrwie):etatmmmlm uiTe &ganﬁﬂaﬁeréme)con&ﬁné@and$va2e,ht9ul l'erene

is a
Ul tor endS darfitdi qﬁ it QY8 IR Qe Aftep vaoialion 6 Hihes  ved
follow ng t hsotylentsemwnmfbmmhedwamaddw aThe prddlchpredrpltatedi @s.a B. W
LI o R o W s BEIBE. Pl cali - D11 or
recrystalhzatlon from methanol afforded 25 g of product as a white solid.
The yield of product was 57%.
20 Proton NMR verified the following structure:

HOOC Q‘O COOH

TH-NMR (500MHz, THF-dg) in 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
25  (d, J=5Hz, 4H, H-alkyl), 0.65-0.95 (m, 22H, H-alkyl), 0.45-0.54 (m, 8H, H-
alkyl).
Synthesis of poly(9,9-di-(2-ethylhexyl)-fluorene-oxadiazole)
3.0 g of phosphorus pentoxide was dissolved in 50 mi of
methylsulfuric acid with stirring in 110°C oil heating bath under the
30  protection of nitrogen. A mixture of 2.0 g of 9,9-di-(2-ethylhexyl)-fluorene-
2,7-dicarboxylic acid and 286 mg of hydrazine hydrochloride was added to
the solution. The suspension was stirred over 5 hours and a
homogenous, viscous solution was formed. After the solution had cooled
to room temperature, the solution was poured into 500 m| of water. The
13




35 and A J. Heeger, Intern. J. Mdd. Phys. B 8, 237 (1994). PFOis a

pol y(fl uorene-oxadi azol e), which was prepared fromthe

f | uor ene-womankwel i c acid, as follows: 12 WO 03/ 086026 PETTUS031BSB51
Synt hesis of 9, 9 di - (2- et hyl hexyl)-fluorene-2, 7-di carboxylic acid 7 g of

d
Progen 5 BobbREa; Rretipiteds o ke @%@5@5%699%?%‘% B St .Y
sol ution (20 )CFUdGWW@QﬁWaS washed bymnoaquetiusspidiomefisedium 5 1 uorene in
100 ml of dr Béa?'_ﬂ'c’!:natf\fﬂ@ﬁ waler, rtﬁ@r?ﬂéﬂ’i‘amsaﬁd“ﬂﬁé@bt FeRdftn (é?ﬁpel‘dﬁﬂ‘ec%ﬁt ed by the

di sappear ance fromth ution) of the solution
was added dr ¥F6HSe TRRtRUGe 99Wmﬂ5é~aw§§9lv%m §ém'§ﬁr§j€ t hBe sphstieni on

mxture Was Rgfd Mteeddftmbuéh fawpnaﬂtbraan@dﬂb polgmer weetheh peécigitated THF was
added. The \rNgactl on_m

tu was en ¢ 10 .tenperature. 500 g
of dry ice wiOMWRIY t-g’ @ymég‘ﬁsdﬁmﬁ%dW%Waﬁhﬁgﬁﬂg"atﬂ gﬁ? was shaken
until the drynéthanakandebtunimdrigd #tfroem tehperatues.s Thnpurificatibndry i ce had

evapor at ed, I j si due. The
acidified re?ggﬂéegsv\\gésé% racéj{tgg?ﬁ%ég I?Qﬁrrérs‘(silo ath?ﬁ%”" raﬂstglw-%@ x 200 m).
The organi c [fieger Thawield ebths W@duah\dawél%GWQ%)wth 400 m water and then
dried ovéd MySO4. Prbtosy NBWRaperifieid the folowihg straictwrent s, 200 ml of hexane was
added. The product precipitated as a white solid which was isolated by
filtration. Further purification by recrystallization from nethanol
afforded 25 g of product as a wh The yield of product was 57%
20 Proton NMR verified the foll ow g ucture: HOOC \ / COON 1H NWVR
(500MHz, THF-d8)8 in ppm 8.17 " , N, {luorene ring), 8.06 (d,
2H, J=8Hz, fluorene ring) , 7-$9—(J ) 3cPH=L2M orene ring), 2.13 25
(d, J=5Hz, 4H, Halkyl), 0. 65-0 95 (m 22H Pralkyl), 0.45-0.54 (m 8H, H-
al kyl ). Synthesis of poly(9, 9-di-(2-ethyl hexyl)-fluorene-oxadiazole) 3.0 g
of phosphorus pentoxide was dissolved in 50 m of nethylsulfuric acid vvith

stirring in IHOGVR (500MHE ”BHP q!.éﬁh gy &0 o, ‘?lh%Fédé)gn@érsgﬁg({/ologe”

SATA< ofzghﬁwpgpﬂen@sﬂ ety a6 ). 2122 Sberdrnh Toe !

suspensi on waskyd) 0r8-¢d (bvet61$, Haikyd), 818D-0.65 (br, 14H, H-alkyl).
EXAMPLE 1
An amine functionalized acrylic copolymer to be used for
subsequent attachment of fused aromatic compounds for the hole
20 transport was prepared using the following procedure:
To a clean reaction vessel were added:

\‘

Amount (grams)

Step |

Isobutyl methacrylate (IBMA) 21.81
25 2-(Tertiarybutylamino) Ethyl Methacrylate(IBAEMA) 18.94

Acetone 250.25

The resulting solution was heated to reflux temperature and held
there, with stirring.

30 The following two solutions, previously mixed for 15 minutes under
nitrogen, were then simultaneously added:

14



honbgenous, viscous solution was formed. After the solution had cooled to
roomtenperature, the solution was poured into 500 mMl of water. The 13 WO
03/ 086026WB@3/08s803/ 09851 pol yner was preci pitated as a wrcrashy/sst whi ch
was isolated by filtration. The crude polymer was washed by an aqueous
solution of sodium ca nﬂt t{ien ter, then nethanal t n%I dried at room
tenperature in vacuo. Ms" ! r was dissolv Slof THF. The
solution 5 was filteredcetoneugh a 5 pmfilter, and the polly888 was t hen
precipitated from wat i, Bgrgéggr was i sol ated and washed by water,
then nethanol, and vacuumdried at roomtenperature. This purification
process was repeated tRiZ2@zpbistddimetinipgrdane nitdlepol ymer %78 white

fiber. The yield of the product was 1.5 g (78% . 10 Proton NWVR verified the
foll owi ng structure: N 1H- (500MHz, THF-d8) 8 in ppm 8.42 (s,
2H, fluorene ring), 8. !" ut : uorene ring) , 8.13 (d, J=8Hz, 2H,
fluorene ring), 2.2-2.%sdbutyl méthathylaté KIBMIA) O. 8- 1]; 1 (br, 186244 al ky: ),
0.59-0.65 (br, 14H, H al kyl . n ! ctionghj acrylic
copol ymer to be used féfﬂm%ﬁgfﬁﬁ%mﬁfwl%sed 3?9?&?. c conpounds
for the hole 20 transpdiBARMEA)prepared using the followi ng procedure: To a
cl ean re?@tion vessel were added: Anpunt (grans) Step | |sobutyl

nmet hacrylate (1 BMA) 21.81 25 2-(Tertiarybutylam no) Ethyl )

Met hacr yl at e( | BAERIRJution @Y wascfed siaethat 64 850 wagaddesiaver P& Blititeon was
heated to repkHyd AR 291 6veraNSBd /lisutelgeion; sofution $B) Whs féd séthathe

followng t | utions,, previgusl xed for 15 m nutes_under nitrogen,
were then si 7%3’@@&5@%9 dg’&diéd&bl’ﬁ'%lﬂﬁg]?@Q]’B@%Qég@ﬂ@g@éﬁ@g’@@ym Step I'I--
Sol ution (A) pariodniAfiey feeds) were completed, the reaction mass was held at reflux
15 temperature with stirring for 120 minutes. A portion of the polymer solution
(250 grams) was dried in a vacuum oven overnight after evaporating most
of the solvent using nitrogen sweep. The polymer yield of IBMA/IBAEMA

was 100%.
EXAMPLE 2
20 An hydroxyl functionalized acrylic copolymer to be used for

subsequent attachment of fused aromatic compounds for the hole
transport was prepared using the following procedure:
To a clean reaction vessel were added:

25 Step | Amount (grams)
Acetone 600.0

The resulting solution was heated to reflux temperature and held
there, with stirring.
30 The following two solutions, previously mixed for 15 minutes under
nitrogen, were then simultaneously added:

Step Il -- Solution (A) Amount (grams)

Acetone 176.63
35 Vazo® 52 catalyst

2,2'-azobis(2,4-dimethylpentane nitrile) 4.5

15



Acetone 176.63 Vazo(r) 52 catalyst 2,2'-azobis(2, 4-di nmet hyl pent ane
nitrite) 14.78 5 Step IIl -- Solution (B) Isobutyl nethacrylate (IBM)

196. 24 2wQETensdoas ybut yl am no) Ethyl Methacrylate 170. 46 PCrBABNYSS1O
Solution (A was fed so that 54.8% was added over a 90 mnute period and
45. 2% over a 330 m nut eri od, S Iut'b n (B) was fed so that 67% was added
over a 120 mi nute peri — 120 minute period. After feeds
were conpl eted, the remthwmmmm (MMIA) at reflux 15 tenpB4@Oure with

stirring for 120 m nut egy solution 0 gramns)
was dried in a vacuum ?ve &OQ ber e@apor ting nost 1%&@ he sol vent

using nitrogen sweep. The poI ymer y| eI d of I BMA/I BAEMA was 100% EXAMPLE 2
20 An hydsoxyl foS“d]uﬁHWA73?@(@Mére%&gﬁ%r)ﬁﬁl?ffort%d)mu‘ﬂﬁégafnGr subsequent

attachnent of, fused arorratlc t he ansport was prepared

e ¢ oRARSS GeBREely TBAG (5ogs Ve B OIS S LI AaPR MaRSen. oo

Stﬂo | Amountwesofieids) (;efmeh mﬁm Wuthﬁnﬁlngamlenlmmt%@é uAI%mtln?vaef tmeaz ed to
t er e t irr 0 (0) ng WO

o ut 1 one. " pPRDITET R ShhEl50, AR wald b kel U d B HRgReaR,

si mul taneousl@aaadmm; reostofithe solveot using mitfogensweepn. (he polymerAdeldone

150 03/ leo oL IANIBRYBs 100w Poe ifrécdarudil Wk Haghiibdiy SPLi 1) 2

Met hacr yl at e Thevymbeaverage (Mn), an the weight average molecular weight were
30,308 and 93,195 respectively, to give polydispersity (Py) of 3.07.

EXAMPLES 34
These examples illustrate the attachment of a fused aromatic ring to
15 afunctionalized polymer.

EXAMPLE 3
This example illustrates the attachment of a naphthyl ring to the
functionalized polymer of Example 2.
To a clean, oven dried reaction vessel were added:

20
Step 1 Amount (grams)
HEMA/MMA copolymer from Example 2 20.0
Tetrahydrofuran (THF), anhydrous 4445

25 The resulting solution was stirred at room temperature under argon

until the polymer was completely dissolved. ,

The following reagent was next added in a single portion:
Step 2 Amount (grams)

30 1,1'-Carbonyidiimidazole (CDI) 7.50

The resulting solution was stirred at room temperature under argon
for one hour.

The following solution was then added in dropwise fashion over
35 20 minutes:

16



2- Hydr oxyet hyl Methacrylate (HEMA) 180.0 5 Solution (A) and (B) were fed
uniformy for 330 mnutes and 240 m nutes respectively. After feeds were
conpl et edwotodesse@act i on mass was hel d at refl ux tenperat wca/usos/sstirring
for 60 mnutes. A portion of the polyner solution (250 grans) was dried in
a vacuum oven ovepni ght after evaporating nost of the solyent using
nitrogen sweep. TRERSI yner yield 10 of HEMAV MVA vvasmllsfﬂg‘—gz@l ecul ar
wei ght was neasur d¢1Hyagibyl)ethiplamineber average (M), and.9the wei ght

aver age nol ecul ar ' 3 3,195 respeckihwely, to give

pol ydi spersity (ngﬁpé{owﬁéﬁ%&ﬂ@@?%ihese exanpl e?blwlel ustrate the
attachnent of a fused aromatic ring to 15 a functionalized pol yner.

hi I itk : i h
EXAMPLE g:?T i's exmresﬁ|$|hg§g(uﬁpﬁ%és§g?§g gﬁ@gﬁnfeﬁ%@gnémam dg to the

functi i zed pol . : d |
LT e EhANS: Thammiyvandior L e 13 o aserp! & 5
2?; 0 get [ ahbﬂgmtbwaun(etTHFﬂe conduirates sélﬁﬁo?_uliﬁsiadmed lemuld lafge sol ut : o? }Nas
stirrea at roo enper under . argon unt| e pol yne cO ete
Gl scorved  THAUS PERRRS oo B eha M Rbutrd areabrate ey Rl bi o St ep 2
Amount ( gr antiltratidd. TThe erGde ipoiynheli proddetzwas exiciited Tive Qinfdsewith sudtér ng

| ut i ' . 0 hour. Th
ol Low nieof23d i Lbieh8erand W bl cfeti iR 12 1H00 of 88-CRE T i (iFes.
16 WD 03/ 08668 qury/ Belysnerageld was 84%byweight. (grans) 1 -(1
“Napht hyl ) et hyl amrig poigier Was RIS hdvhy thePBXARUDERGW S The

resulting solution was stirred at roomtenperattre under argon for 48
hours. The solution was then concentrated in vacuo to 1 /3 of its

?HS ?H3
ool
?0 a ?0 b
O 0 )
HiC

random copolymer: a =25 mol %; b =75 mol %

15 'HNMR (DMSO-dg): & = 6.7 - 8.1 (aromatic protons for pendant
naphthylene group); ratio of aromatic H:aliphatic H = 0.20 (theoretical =
0.19); UV-vis (DMSO): A max = 305 nm

The polymer molecular weight was not measured, as it should be
very similar to that of the unmodified polymer.

20 EXAMPLE 4

This example illustrates the attachment of a pyrene group to the
functionalized polymer of Example 1.
To a clean, oven dried reaction vessel were added:

17



original volunme. The concentrated solution was poured into a |large volune
of water (200 ml) and the resulting precipitate was coll ected by
filtrati owo oBhssoes ude pol ymer product was extracted five tPcrAS0OwIss1 wat er
10 (200 M) in a blender and was then oven dried in vacuo at 50C for 48

hours. Pol yner yield was 84% by wei ght. The pol yner s characterized as
havi ng the For nul g—ip—gel ow 7H3 TH3CH2 | CH2 a To&_?n%ﬂt_&_@ﬂﬁ) H3C H
N-CO 0 [/ | \ HaPylenecabokylicescida = 25 mol % b = 75 nol 2% 15 1 H NWR
(DMSO-d6): S = ﬁ- o%r léﬁ{]%rratic protons for pendant Btzhyl ene group);
ratio of aromatlc ﬂ'aﬂf H = 0.20 (theoreti cal 0. 19? vis (DVBO):
X max = 305 nm The pol yner nol ecul ar wei ght was not rreasured as it should

very f' mlar fRely Eé‘&ltiﬂ@ sbﬁﬁoHWhéét@Q t@?émnghﬁw s

exarrpl e illustratest a pyrene grou nctionalized
pol yner of EX@mgining thiony! ghlaridgrwasthen 'GM%’GdrllydbSﬁl' iop&ivyag agsudeadded:

17 \(4\0202{5 08_?_ ﬁb\ﬁ%ﬁ@s@ﬁé%%ﬁéhassﬁl%éd @”ﬁé\étﬁdl \ G tg??%thle%%ﬁé’é Sﬁé@IZéfrgoxw ic
aci .0
reflux for t H ?’écuel'ﬂte 6; 5&9\’ ﬂ?ﬁ&uf%g‘ﬁw éﬁ%%ﬁ'\?&amyrﬂélﬁrﬁ@mved by

distillati onv@svgﬁﬂg a crude yellow solid. The solid was washed repeatedly

L pyreneblronyt aRprad Glbefouleh dbetion Vaee HembdBln ofi Ca”

reacti on vessel vvere added:

Step 2 Amount (grams)
IBMA/IBAEMA copolymer from Example 1 10.0
Tetrahydrofuran (THF), anhydrous 147.8
15
The polymer solution was stirred at room temperature under argon
until the polymer was completely dissolved. The product prepared from
Step 1 was then added.
20 The resulting solution was stirred under argon for 12 hours at room
temperature. The solution was further modified:
Step 3 Amount (grams)
Triethylamine 293
25
The resulting solution was stirred under argon for 5 minutes. The
solution was further modified:
Step 4 Amount (grams)
30 Cyclohexanoyl chloride 2.26

The resulting solution was stirred at room temperature under argon
for 12 hours. The solution was then concentrated in vacuo to 1/2 of its
original volume. The concentrated solution was poured into a large

35  volume of water (300 mL) and the resulting precipitate was collected by
filtration. The crude polymer product was extracted five times with water
(200 mL) in a blender and was then oven dried in vacuo at 50 °C for 48
hours. Polymer yield was 79 % by weight.
18



Step 2 Amount (grans) | BMA/ | BAEMA copol yner from Exanple 1 10.0

Tet rahydr of uran (THF),

at room twopessdozé e under argon wuntil the pol yner was compiratses/§98si
di ssol ved. The product prepared from Step 1 was then added. 20 The

resulting sol Wi L4 d r argon for 12 hours at room
t enperat ure. %B%szn’t&k??ﬁ?aﬁ‘é‘? nmodi fied: Step 3 Amount (grams)
Tri et hyl am ndhe. gdymesniiecularsweightiyas slot measuredsas itishoaldl bedery ar gon for 5

m nutes. The
Cycl ohexanoy

si@ﬁﬂb!t@%%ﬁ%f# me(ﬂp@:},ﬁ{&d: Step 4 Anmount (gramns)

[ ori e res

30

ng solution was stirred at room

anhydrous 147.8 15 The polynmer solution was stirred

tenperature under argon for 12 hours. The solution was then concentrated
1/2 of its original volExmvwPilEs concentrated sol uti on was

in vacuo §o

_ | | ¢ m - d th |t
P eci pi tat e was c S ErATPETustiates e plsparaordt ABBd O A Ct s

precipitate was c _
extracted fi \mventioafrom finct@halized @dBomers. i n a bl ender and was then oven

dried in vac
WO 03/ 086026

"o CeBolaislie tul feshau a Bfe offbe BB effpidlicd pBR o

18

mol ecul ar weihgle trapsporb material wasdpreparad inremiudti-btepuvapnersasifdllawst o t hat  of

t he unnogjfi
preparation

To a cl ean,

ed PosyRtlean, bveBlEd redclioh RE3BTWEr addit. at es t he

of a hole trahsport i nventi on

1- Pyr enecar boxyl i ¢ aci d-Ayighecar

15

20

25

30

35

Thionyl chloride 163.1

The resulting solution was heated to reflux for two hours. The
remaining thionyl chloride was then removed by distillation giving a crude
yellow solid. The solid was washed repeatedly with dry hexanes and then
dried in vacuo at 50 °C for 12 hours. Yield of 1-pyrenecarbonyl chloride
was 95%.

The 1-pyrenecarbonyl chloride was further modified. To a clean,
oven dried reaction vessel were added:

Step 2 Amount (grams)
- 5-Aminoisophthalic acid 3.03
N,N-Dimethylacetamide (DMAC) 93.7

The resulting solution was stirred at room temperature under argon.
The following solution, previously mixed for 5 minutes under argon, was
then added dropwise over 15 minutes:

Step 3 Amount (grams)
1-Pyrenecarbonyl chloride 4.16
N,N-Dimethylacetamide (DMAC) 46.9

The resulting solution was stirred at room temperature under argon
for eight hours. The DMAC solvent was then removed by vacuum
distillation, giving a crude tan solid. The solid was twice washed in

19

rom functionalized
nononers. A pol yaram de having pendant pyrene groups to be enployed as a

hol e transport materialgiggq prepared in a nulti-stepAmsliig@md)ol | ows:
oven dried rgaction veslsel .gvere added: Step 1 ArTDljn(S (grans)
boxylic aci .07

10



Thi onyl chloride 163.1 15 The resulting solution was heated to reflux for
two hours. The remaining thionyl chloride was then renoved by distillation
gi ving a wowdeseogel | ow solid. The solid was washed repeat edirguses/o9ssdr y
hexanes and then dried in vacuo at 50 C for 12 hours. Yield of

1- b I

Further - modi faandt A f8n drled Bacad e B9 coob P HREEE, PRt TGRS, "7,
2 Anmount (gr&2%. 25 5- Anmi noi sophthalic acid 3.03 N, N-Di net hyl acet am de
(DMAC) 93. 7 The T el qérbﬂﬁcﬁ%l'aﬁéd)f?or‘f‘%te B4 WasfurflermadTieq Wfcpd ur e under

argon. The follow n utron, previously mxed for 5 m nut under argon,
was 30 t hen PaERR&IJ@FIIRRI FoBpuledi, helgWes: Step 3 Amount (pram;)

1- Pyrenecar bonyl chloride 4.16 N, NcOORt hyl acet am de (DMAC) 46.9 35 The
resulting solution wasOstirred,2 oom t enper ature under argon for eight
hours. The DVMAC sol venb Vﬁﬁwa gmoved by vaquym distillation, giving a
crude tan solid. At T fe washed in 19 WO 03/ 086026

PCT/ US03/ 09851 hnol and then<{dried in vacuo at 50 C for 24 hours.

Product yield wa QR% The productCo®XH ated from Step 3 was further
nodi fi ed usi ne di acid having Fornula I, below. COOH 0 11 (I1)

% N}1  COOH gn, oven dried reaction vessel was added: Step 4

Amount (gr ans) @c nd of Fornula | 4.50

S
To a clean, oven dried reaction vessel was added:
Step 4 Amount (grams)
Compound of Formula | 4.50
10 Thionyl chloride 326.2
The resulting solution was heated to reflux for 12 hours. The
remaining thionyl chloride was then removed by distillation giving a crude
yellow-green solid, having Formula 11l below.
15

COCI

C—NH 1y
“‘ COClI

The solid was washed repeatedly with dry hexanes and then dried
in vacuo at 50°C for 12 hours.

The pyrene-diacid chloride of Formula |l was then used to make the
20  hole transport polymer. To a clean, oven dried reaction vessel was added:

20



10 Thionyl chloride 326.2 The resulting solution was heated to reflux for
12 hours. The remaining thionyl chloride was then renoved by distillation

gi vi ng a wowdeseoge!l | ow- green solid, having Fornmula |11 belPe®USEH0BEO 0
11 (111) 9% NH\ / COCl The soli d was washed repeat edly with dry hexanes
and then dried in vac 5 50C for 12 hours. Th?no‘?wt acid chl oride of
Formul a 11 was then us make the 20 hole t mer. To a

cl ean, oven dried reacGompounssef Faawlalided: 20 WO 03/ 086496
PCT/ US03/ 09851 St ep 51A3TpHg];, gé@,gﬁ)m Conmpound of Formul @ 47 2.0

1, 3- Phenyl enedi am ne 0.4 de (DVAC) 3 g 5 The
resul ti ng sol ution was &Nrﬁ)'n&i ﬂ?c?‘éﬂﬁﬁj ure under 3;7 for

hours. Theg solution was then poured in water giving a yellowtan
precipitate. The | at e col nd _extract wi th et hanol .
The resurting pol J aparputinkaolBndies St afSnt Kskss fBF‘ﬂﬁé"‘l‘FS{iP@’ho
Pol yner vyi el fomtzh8drs%The salutidnt washkep pbyresrinweatec izingca yellaedams havi ng
Formula IV b
11.1-11. 3 ( ?)'r%%&atglghg deH‘?E?E Wﬁ?? °l\&f%& §9§‘é§tr%5{ M@Q‘ Wvu s (DVBO) :
?, max = 345 Iheresulting goelyaramide was ried in vacuo at 50°C for 48 hours.
10  Polymer yield was 81% by weight.
The polymer was characterized as having Formula IV below:

‘HUE—EQHT

|
Dt

TH NMR (DMSO-dg): & = 11.1-11.3 (m, 1 H); 10.6-10.7 (s, 2H);
15  7.9-8.7 (m 16 H). UV-vis (DMSO): A max = 345 nm. Inherent
viscosity (0.5 wt%, HpySOy, 25 °C) = 0.61 dL/g.
EXAMPLE 6-12
These examples illustrate the use of the polymers of the invention
in two-terminal, thin film devices.

20 EXAMPLE 6

The polymer layer was sandwiched between two conductive
electrodes made of inorganic metals or organic conductive polymers. One
set of devices was made as follows. A 1000 A gold layer was thermally
evaporated onto glass substrates. A conductive layer of poly(3,4-

25  ethylenedioxythiophene) (PEDOT) was then coated on top. The
Au/PEDOT layer formed the anode 110 of this device. Polymer from
Example 5 was coated from 2% solution in dimethylacetamide (DMAC)
filtered through a 0.45 i pp filter. The thickness of resulting film was

21



viscosity (0.5 wt% H2SO™, 25 C) = 0.61 dUg. EXAMPLE 6-12 These exanpl es
illustrate the use of the polyners of the invention in tw-termnal, thin
filmdeviweasn22&EXAVPLE 6 The pol yner | ayer was sandw chedTaeosesst t wo
conductive electrodes nmade of inor gani c nmetals or organic conductive

Phetmal 1y eoanBiitichias rasied e TaNCOR stlhuthet it deor Dol (3. 4

25 et h]}/I enegbaﬂwdbl alpdteots) wéeEmWAl(ebeﬁApbmm strcture, wiiich waﬁm5/ PEDOT
was

ngte(red ?;g'rsn g%f &%ﬁ%@ﬁa @’F’ 'héﬁace &&e(;@g% éé Iteregmtfrough a

0.45 p pp fi NPStonTHEha mtmes qﬁfthe device efqnedvtasthgltwmlaGJ;rM%

PCT/ U803/99g§ad w2000 A5 dHhd i \ga?ﬁ%ﬂtedDQVcé SRITEaO0 S ElRee

Profiler.” T odee ctro

Ba(30( er %#AMOOOA
structure, wiiside Oéwmmﬁéﬂhm@%ﬁ@%ed\ﬂe fve | ayers under a
\éacuEm of about 3Tg\e cuare@.tV@R/bltagégv?@har@t&rsﬁ@s @P? Ehewd e iFegu ré@s d<[a)fe 1/ Ingg
t t n ex
oo for mance VA PNl Hevist Hads goRg euication Siteft ey W lots
Sour ce- Measuthee tinrént When auevense bias iscappdied, Whilg catver(2d0pplots thes ?][ e tshown
Fi v a effec
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(210) plots tfwal@ cuuentewas\ﬁﬁenAa(BBamﬁlcmzmu 500 tﬂnaplhlgr@m thaq the f or war d

bias of 15 VcHFrBﬁt uMErVEHQt%’é rsg&h ‘é/%%v@é lﬁé"ﬁ%&%‘s%ﬂéé&ﬂﬂ: svsﬁf&ﬂo times

hi gher than t current under - can used as an

el ectric swi V¥hen they QON't sfate @@’ef@ﬁﬁtaé 1r45V H@Sb Abd the “QRF\si@teat zefied t he
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o B o e iR uein ba ben . P Ay Qi PoLYam e
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20 This example demonstrates that the polymers disclosed in this
invention can be used to fabricate two-terminal, thin film devices with good
rectification effect. Such devices can be used as solid state electric
switches.
EXAMPLE 7
25 Devices were fabricated with the same material and with a similar
procedure as given in Example 8. In this case, the cathode and anode
electrode were patterned with shadow masks. 10x10 diode arrays were
fabricated. The pitch size of each pixel was 0.3 mm, which was defined by
the widths of two contact electrodes. The I-V characteristics of each pixel
30 were analyzed, and behavior similar to that shown in Figure 1 was
observed.
This example demonstrated that the polymers disclosed in this
invention can be used to fabricate microswitch arrays.
EXAMPLE 8
35 Devices were fabricated using a procedure similar to that given in
Example 6. In this case, the active polymer was the polymer from
Example 3. THF was used as the solvent. The |-V characteristics were
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rectification effect. Such devices can be-used as solid state electric

swi tches. EXAMPLE 7 25 Devices were fabricated with the sane material and
wi th a siwolmnseops ocedure as given in Exanple 6. In this eazajsos/bmscat hode
and anode electrode were patterned with shadow masks. 10x10 di ode arrays

were fabricate p h siz e I ch was
defi ned by ?W%'F%tatﬂmt (gitEC I%%n?'&ﬁ %Y'%% W&é‘!’a“fﬁ'ét rlegg}“?:‘ﬁgr acteristics
of each pi xeB380nAene atme?Q/¥Yed, and behavior sinmlar to that shown in

Figure 1 was obsggye aﬁ&%ﬁa%%&%@l@% fo%btrﬁéhstn%’[’és {3 ! yrmer s

disclosed in this "i'nve te mcroswtch arrays.
EXAMPLE 8 35pDlymersof fike inveation can be ussdras themadive dapes fer wa-tarminalt hat

given in gEX his case, the active polymer was the polyner from
Exanpl e 35 Tﬁ@ﬂ\l}\ggﬁudgggségs the solvent. The |-V characteristics were 22 WD

03/ 086026 PCT/ US03/ 09851 similar tEXAMPLES Exanple 6. The device forward
current reached 33@nrﬂﬁ|h1:rqht@mntta@ déviddld weRxabrtsteddoliowing the Exanpl e 6,

deronst 2t o skl oo BRI KSR WEACRED: Bandsarrofe ot v

em tting devietextroderveas ased aatmlaihodié (lvayeg 11 0as hstsednireFidgsert)bédd i n

' d h
XDl B RSBl EngRok) R OB G R e o0 11
pol y(vi nyl caflB@Asl kegstseen irs Eiguse 1. h rht@pe)ftﬂmarlamrthel polgmer frager 120 as

best_seen | NERuHIE 4hlas SPolietPading B fayeR (Elyer 130 Robudiaioehig™m | Exanpl e 4

was appli ed ayer er st seen I n gure 1). It was
spi n Egat ed %FQ&W?T‘I){E %‘M@%?P'Br?oalﬁq frgmaTHF solidione usingia aﬁocedgrq ﬁa"t”aﬁescr i bed

in Exarrpl e 8to e destiibdd mEié‘rhﬁllérESW@freéd?lﬁwd thickneas of therhpiiva850 A Ba
and Al ﬁler under a vacuum

of about i’:\%er a?@“%@%ﬁ Cgal'ﬂg‘??}ih%ﬁﬁ%@%@é%@%‘?@%&‘ehﬁéo of thg, were 30 A
and 3000 A r &eeandeehwacemi afaboet Bor 1ePtar. Whe thiekheskdssfithe Ba dry box

using a caliBratQe, irs BIAAL 98! 29Fd ¥HB0%A respectively. Device performance
was tested inside a dry box using a calibrated Si photodiode and a
Keithley 236 Source-Measure-Unit.

20 Figure 3 shows the current versus voltage (“I-V”) (curve 230) and
light emission versus voltage (“L-V”) (curve 240) characteristics of this
device. Blue light emission was observed in forward bias. The emission
was ~50 cd/m2 at 40V. The external quantum efficiency was 0.2 % ph/el
in a broad voltage range. EL emission spectrum revealed that the

25  emission was from the polymer disclosed in Example 4 (by comparison
with the photoluminescent spectrum of the same material.

Devices were also fabricated in similar configuration but with a
PEDOT layer (~1000 A) in between ITO and PVK layer. The performance
parameters of these devices are similar to that shown in Figure 3.

30 This example demonstrated that the polymers disclosed in this
invention can be used as the light emitting material in polymer light
emitting devices.

EXAMPLE 10
Thin film light-emitting devices were fabricated following the

35  procedure described in Example 9. In these devices, ITO was used as the
anode (Layer 110). A layer of polymer from Example 5 was used as the
hole transport layer (120). Over the hole transport layer, ~1000 A
poly(fluorene-oxadiazole) (PFO) was spin-coated (layer 130). Ca/Al was
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Keithl ey 236 Source-Measure-Unit. 20 Figure 3 shows the current versus

vol tage ("W) (curve 230) and |ight em ssion versus voltage ("L-V') (curve
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COMPARATIVE EXAMPLE A
20 Experiments were carried out following the same procedure as

described in Example 10, but using PVK (Sigma-Aldrich, Milwaukee, WI)
as the hole transport layer (120). Results similar to those described in
Example 10 (with a hole transport polymer disclosed in this invention)
were observed.

25 This example, along with example 10, demonstrates that the
polymers disclosed in this invention can be used as the hole transport
materials for blue, green and red light emitting devices. Such devices can
be used as the pixels in full-color emissive displays.

EXAMPLE 11

30 Thin film devices were fabricated in configuration of ITO/polymer
from Example 5 (100 nm)/Ba (3 nm)/Al (100 nm). The current voltage
characteristic under white lamp illumination was measured. A photovoltaic
effect was observed under UV illumination. The open circuit voltage was
~2V. The photosensitivity at 336 nm was approximately 1 mA/Watt.

35 This example demonstrates that the polymers disclosed in this
invention can be used to fabricate photodetectors for ultraviolet light
detection.

24



15 This exanpl e denonstrates that the polyners disclosed in this invention
can be used as the hole transport materials for blue, green and red |ight
em tti ng wewsoe®26 Such devi ces can be used as the pixels ipeTfusod/essol or

em ssive di splays. COVPARATI VE EXAMPLE A 20 Experinments were carried out

foll owi ng the same procedure as deggéi Eg& i n Exanple 10, but using PWK
(Sigma-Aldrich, MIlwaukee, W) as 1 ransport |ayer (120). Results
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confi gur at i oRekW pradidrs thedange ob rpestahsespeseiddaineyl frum (tmsﬂnlgrxdm (100

nm . The current voltage characteristic under white lanp illum nation was
measured. A photovgJtaic effect was Qbserved under UV illum nation. The
open circuit voltééglg—t&l&l s -2V. The ph&gﬁgéﬁgéﬂﬂ@' ity at 336 nm was
approximately 1 mRPGtt. 35 This exangDé mhenonstrates that the polymers
di scl osed,in this be u fabricate photodetectors for
ultraviol®t |ight G’é%ﬁ?@ﬁ”@&’ §ﬁ§§%’826 PCT/ US03/ 09851 EXAMPLE 12
The procedure of BNV 11 was repeabd@nmput with an active |ayer nade of
pol ymer bl ends co@@ dw@@ pol ynmer §4@fhnfxanpl es 3 and 5, and an

e

addi tional pol yrrer or with a smaller optical energy 5 gap. The

phot or esponse was ﬁ@a@m@aefdﬁm@mfé?ée@mté@powﬁ@rsQ!ﬁcéose@le'ndmsmow des the
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response to near infrared or infrared spectral range are also suitable for

energy conversion devices such as solar cells.
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This exanpl e denpnstrates that the polymers disclosed in this invention
can be used as host materials for the fabrication of 15 photodetectors with
di ff erentwopsossoaé response ranges. Blends with response pca/useanssnf rar ed
or infrared spectral range are also suitable for energy conversion devices
such as solar cells. 25 WD 03/086026 03/09851 CLAIMS Wat is
clainmed is: 1. A hole transport pol yn@gﬁwi sing a polyneric backbone

havi ng | i nkedVhitds etaimadp$:ural ity of substituents, sai g Slﬁlbst i tuent st ﬁat

I Si t | eagt | g . rovi so
tcﬁgpr:ogi S?re? doesﬁho?‘qg%%g%%gpgﬁg’%%e#oﬁé%ﬁé)?%ﬂ'%%ﬂ?b?gﬁ% groups and
car bazol e gr baping lbkedibeletd a ullnraﬁtymflﬁU{bptﬁuymsr, said Sﬂﬁtlme]n(tlizmer e{i n the "

olynericg b Qe ; Swi ¥ Rkes.

ol yar an des oo @?&%&%ﬁ%ﬁ%ﬁ@;&?%I%fﬁ%l;?ﬁ%%ﬁ;@ifer"‘s”? SR TS
pol yvi nyl et RONNEIAPESONGhAGINRIN Gseenssselgctedieom siarylaminep oraunscaydrer of
G aim1l wher gqrbdzore aromatic ring groups are selected from napht hyl,

§ .

h |, ph h , h I |, fl | yl, tetracenyl and
pent acenyl ot oups 2- 15N hd, FARGEAN PoUMATAS SHRE! 4B RhARANIREE an acti ve
| ayer bet weeachboraanisobelmtddarompbpéer,ylaws,rmilymetlwocgdaﬁese furthgr Egrrprl ses

I - ' r a yoeric backbone
having | 1hkeRoRTaldst B ed Kol ary e st o RBR VR e uced ar omat i
ring groups, paiwinyl ethess andgwiyvinyl estegspol ymer does not contain groups 20
sel ected fromtri @ry*rﬁ@ma@étang%ﬁgggﬁ%%f@naupﬁtwr%reamﬁeq&yé&.e of daima4

wherein the hol e-transporting prese In a [ayer situated
bet ween t he ametlgﬁagt%ﬁ%ug&@ﬁ/%ele@tﬁdrfr.onzsnanh@yb@mfvécyifp Ranthylwher ei n

the devi co 1 o o Ao e e e e e rein The dovi ce
is a pho?gvol tai c%ce ".°'9§!"°/$‘?%6Q'{'%Bﬁ¥'ﬁ%|°°mpé&§m an §&i"ﬁ:ﬁ‘y€6rrpri sing a
first conducbietwedragrmanodetavidea tathodpowherin theedevies fLrthes eopptisesrduct i ve
ngiea’g }A’!‘ﬁrkglljélast bAE YL FrahsS8ERG HonRer Eihpfhg & potymari€ BLYiBS e Packbone
having linked thereto a plurality of substituents comprising fused aromatic
ring groups, with the proviso that the polymer does not contain groups
20 selected from triarylamines and carbazole groups.
5. The device of Claim 4 wherein the hole-transporting polymer is
present in a layer situated between the anode and the active layer.
6. The device of Claim 4 wherein the device is a light-emitting
device.
25 7. The device of Claim 4 wherein the device is a photodetector.
8. The device of Claim 4 wherein the device is a photovoltaic cell.
9. A two-terminal electric switch comprising a first conductive
layer, a hole transport polymer, and a second conductive layer, wherein
the hole transport polymer comprises a polymeric backbone having linked
30  thereto a plurality of substituents comprising fused aromatic ring groups,
with the proviso that the polymer does not contain groups selected from
triarylamines and carbazole groups.
10. The electric switch of Claim 9 wherein the polymeric backbone
is selected from polyacrylates, polymethacrylates, polyaramides,
35  polystyrenes, polyarylenes, polyesters, polyvinylenes, polyvinyl ethers and
polyvinyl esters.
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30 thereto a plurality of substituents conprising fused aromatic ring
groups, with the proviso that the polyner does not contain groups sel ected
from triwoyBasioees and carbazol e groups. 10. The el ectri ecavisogwsef Cl ai m
9 wherein the polyneric backbone is selected from polyacryl ates,

pol ynmet hacryl ates,, p ar ani.des 5 l.ysgyrenes.. Do r nes. polyesters,
pol yvi nyl enes, p3I1yvﬁhéle|’é§Tﬂ%?g’“ﬁﬁ&f %ﬁb@%’ﬁ?{e@&'g@sg%%'%/ 086026
PCT/ US03/ 098 gtougslareTsedected dtan aaphihyt fanttiracylaphersantheyl, gihenilesgti ar omati ¢

ring groups f %)tntay phenant hryl , phenal enyl ,
fl uorenyl, pypgﬁy !'%‘?&A’c@%ggﬁ peéﬁna{%égn@{l Bgdrdgl?bs. 5 27

5

27



