HETEROATOM C REG OREGULAR POLY( 3- SUBSTI TUTEDTHI OPHENES) | N

ELECTROLUM NESCENT DEVI CES RELATED APPLI CATI ONS This application clains
priority to provisional application serial no. 60/612,640 filed Septenber
24, 2004, which is hereby incorporated by reference in its entirety
including clains and figures. BACKGROUND Organic el ectrol um nescent
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hole transport materials between one electrode and the electroluminescent material improve

the efficiency of the device. These devices are being designed for use in, for example,
monochrome and colored flat panel displays, signage, and white lighting. With incréasing
commercial demands, however, better devices are needed which have better materials suited
for particular application and which can be tailored, commercially made, and provide good
stability.

WO 2005/081335 (Gambogi et al., DuPont) describes multilayer devices including
charge transport layers and processing methods.

EP 1,279,691 (Heeney et al., Merck) describes fluorinated semiconducting materials.

US Patent Publication 2005/0080219 (Koller et al.) purportedly describes methods of
making polythiophenes.

US Patent Nos. 6,602,974 and 6,166,172 to McCullough et al. describe regioregular
polythiophenes including homopolymers and block copolymers.

A need exists for better control over the synthesis of new materials for particular

device applications including both the doped and undoped states.



One enbodi ment provides an el ectrol um nescent device conprising an H L/ HTL
| ayer which conprises at |east one polyner conprising a regio-regular
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Another embodiment provides an electroluminescent device comprising an HIL/HTL
layer which comprises at least one polymer comprising a regio-regular poly(3-
substitutedthiophene), wherein the 3-substituent is an alkyl group with an oxygen substitution
in the alpha position and the polymer is doped with an organic oxidant.
Another embodiment provides an electroluminescent device comprising an HIL/HTL
layer which comprises at least one polymer comprising a regio-regular poly(3-
substitutedthiophene), wherein the 3-substituent is an alkyl group with an oxygen substitution
in the alpha position and the polymer is doped with an organic oxidant sufficiently to provide
stability at 110°C for 10 minutes as shown in UV-Vis-NIR analysis.
Another embodiment provides an electroluminescent device comprising an ELL

material and an HIL/HTL material, wherein the HIL/HTL material comprises at least one
polymer comprising a regio-regular poly(3-substitutedthiophene) in which the 3-substituent is



Anot her basic and novel feature is the material has netallic inpurities at a
| evel sufficiently lowto allow for electrolum nescent applications. In
addition, the use of the heteroatom provides tunability to the
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substit gﬂﬁ‘thi ophenes; wherein the B unit is a block pol ythi ophene and the
A unit is another type of copolynmer block. Figure 7 illustrates enbodi nent
1 for an EL device havi n% two anodes between the e€lectrodes. Figure 8

i |lustrates enbodi nent 2BREIEF RESCRIBEIONEOF THEFIGYRES | | ustr at es enmbodi ment
3 for an EL device.,,., Figure .10 illustrates enbodi.nent 4 for an EL device.
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Figure 3 illustrates poly(3-[B-oxaheptyl]thiophene), poly(3-substituted thiophene)
with § hetero substitution.

Figure 4 illustrates poly(3-[a,,n-trioxaoctyl]thiophene), poly(3-substituted

thiophene) with multiple hetero atom substitutions including an o hetero substitution.

Figure 5 illustrates poly(3-[B, &, 0-trioxanonyl]thiophene), a poly(3-substituted
thiophene) with multiple hetero atom substitutions including a § hetero substitution.

Figure 6 illustrates a schematic representation of different types of block copolymers
including (A) AB type copolymer, and (B) ABA type copolymer, of regio-regular poly(3-
substituted)thiophenes; wherein the B unit is a block polythiophene and the A unit is another
type of copolymer block.

Figure 7 illustrates embodiment 1 for an EL device having two anodes between the
electrodes.

Figure 8 illustrates embodiment 2 for an EL device. |

Figure 9 illustrates embodiment 3 for an EL device.

Figure 10 iliustrates embodiment 4 for an EL device.

Figure 11 illustrates embodiment 5 for an EL device.

Figure 12 illustrates embodiment 6 for an EL device.

Figure 13 provides UV-VIS-NIR spectral data for doping of ICP with DDQ (Example

1).



stability of I CP doped with DDQ versus inorganic oxidation by iodine
(Exanple 3). DETAILED DESCRI PTI ON | NTRODUCTION Priority U.S. provisional
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One embodiment is an electroluminescent device comprising an HIL/HTL layer
which comprises at least one polymer comprising a regio-regular poly(3-
substitutedthiophene) in which the 3-substituent is an alkyl, aryl, or alkyl/aryl moiety with a
heteroatom substitution in either the a- or beta-position of the 3-substituent. Multi-layer
devices can be fabricated with many different layering designs. For example two functions
can be achieved by one layer providing both of the two functions, or the two functions can be
achieved by two separate layers in which each layer provides one of the two functions. As
described more fully below, the HIL/HTL layer ¢an be a layer which provides the device with
hole injection or hole transport in a multi-layer device. The HIL/HTL layer can be an HIL
layer, or it also can be an HTL layer. In addition, as described more fully below, the
HIL/HTL layer can comprise materials used for ELL function or anode function, in addition
to the regioregular poly(3-substituted polythiophene).

ELECTROLUMINESCENT DEVICES AND CONJUGATED POLYMERS GENERALLY
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One example of an electroluminescent device comprises four components. Two of
these components are electrodes. The first can be a transparent anode such as indium tin
oxide, coated onto a plastic or glass substrate, which functions as a charge carrier and allows
emission of the photon from the device by virtue of its required transparency. The second
electrode, or cathode, is frequently made of a low work function metal such as calcium or
aluminum or both. In some cases this metal may be coated onto a supporting surface such as
a plastic or glass sheet. This second electrode conducts or injects electrons into the device.
Between these two electrodes are the electroluminescent layer (ELL) and the hole injection or
hole transport layer (HIL/HTL).

The third component is an ELL material. The ELL can comprise, for example,
materials based on polyphenylene vinylenes, polyfluorenes, and organic-transition metal
small molecule complexes. These materials are generally chosen for the efficiency with
which they emit photons when an exciton relaxes to the ground state through fluorescence or
phosphorescence and for the wavelength or color of the light that they emit through the

transparent electrode.



In this enbodi ment, a fourth conponent is an H L/HTL material. The HI L/ HTL
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orthogonally to strips of cathode material with HIL/HTL and ELL layers in between, such

that current flowing through one anode and one cathode strip causes the intersection point to

luminesce as a single pixel in a display. Or they may be active matrix displays where
transistors at each pixel control whether the individual pixel luminesces and how brightly.
Active matrix displays can be either bottom emitting, where the light shines through or beside
the transistor circuitry or top emitting where the light shines out in the opposite direction of
the layers that contain the transistor circuitry.

Performance of electroluminescent devices can be determined by measurement of the
intensity of the light energy that is emitted (candelas per square meter of the
electroluminescent device), the efficiency by which current is converted to light (lumens
output per watt input), and by the lifetime of the device (thousands of hours). Typical flat
panel displays achieve 100-200 Cd/m?, 5,000 to 20,000 hours, and 10-20 lumens/W. The
color of light emitted is also an important consideration in the design of these devices and is

typically measured by stating the x and y coordinates on the CIE spectrum.



color of light emtted is also an inportant consideration in the design of
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processed and then oxidized or doped to a level that is suitable for the application. This
offers a greater flexibility in device design. The polymer-based materials also offer several

other advantages in performance that will be discussed below.

POLYTHIOPHENE

The below description about polythiophene can be used in the practice of the present
invention. It has been shown that, like other conjugated polymers, poly(thiophene) has a
conjugated w-electron band structure that makes it a suitable p-type semiconductor for
electroluminescent devices. Poly(thiophenes) can be prepared by various chemical and
electrochemical transformations of suitably susbstituted thiophenes that result, primarily in
the coupling of the thiophene rings at the 2- and 5- positions of the monomer. The degree of
other modes of coupling of these thiophene moieties depends on the method employed and

can afford polymers and/or oligomers of varying regioregularity. Syntheses of



the coupling of the thiophene rings at the 2- and 5- positions of the

nmononmer. The degree of other nobdes of coupling of these thiophene noieties
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mechanism in which excitons or electrons can tunnel or “hop” through space or other matrix

to another chain that is in proximity to the one that it is leaving. Therefore, processes that can
drive ordering of polymer chains in the solid state can help to improve the performance of the
conjugated polymer as component of an EL device. The absorbance characteristics of thin
films of regioregular polythiophenes can reflect the increased n-stacking which occurs in the
solid state.

It has been shown that, like other conjugated polymers, poly(thiophene) has a
conjugated -electron band structure that, upon controlled oxidation, makes it a suitable p-
type HIL/HTL for electroluminescent devices. Poly(thiophene) can be prepared by various
chemical and electrochemical oxidations of thiophene that result, primarily in the coupling of
the thiophene rings at the 2- and 5- positions.

The amount of n-overlap and charge density in this n-system also determines the

enérgy of the n-n* transition for a conjugated polymer and influences the work function of
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IL/HTL applications, but due to their solubility they are much easier to process and purify

than poly(thiophene). These materials can be made as oligomer chains such as (3-
alkythiophene);, (3-arylthiophene) ,, or (3alkyl/arylthiophene) , in which n is the number of
repeat units with a value of 2-10 or as polymers in which n = 11-350 and higher, but for these
materials n most typically has a value of 50-200.

However, adding a 3-substituent to the thiophene ring makes the thiophene repeat unit
asymmetrical. Polymerization of a 3-substituted thiophene by conventional methods results
in 2,5’~couplings, but also in 2,2’- and 5,5’-couplings. The presence of 2,2’-couplings or a
mixture of 2,5’-, 2,2’- and 5,5’-couplings can result in steric interactions between 3-
substituents on adjacent thiophene rings which can create a tortional strain. The rings then
rotate out of a planar conformation to another, thermodynamically more stable, conformation
which minimizes the steric interactions from such couplings. This new conformation can
include structures where n- overlap is significantly reduced. This results in reduction of n-

orbital overlap between adjacent rings, and if severe enough, the net conjugation length



m xture of 2,5 -, 2,2'- and 5,5 -couplings can result in steric interactions
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roll-to-roll or coating processes). Therefore, these materials can be better processed in large-
area formats as HIL/HTLs for electroluminescent applications when compared to regio-
random poly(3-substitutedthiophenes). Furthermore, because of the homogeneity of their
2,5’-ring-to-ring couplings, they exhibit evidence of substantial n-conjugation and high
extinction coefficients for the absorption of visible light corresponding to the 7t~
absorption for these materials. This absorption determines the quality of the conducting band
structure which may be utilized when a regioregular poly(3-substituted thiophene) with alkyl,
aryl, or alkyl/aryl substituents is used as an HIL/HTL and, therefore, determines the
efficiency and performance of the electroluminescent device.

Another benefit of the regio-regularity of these materials is that they can self-
assemble in the solid state and form well-ordered structures. These structures tend to
juxtapose thiophene rings systems through a n-stacking motif and allow for improved inter-
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absorption for these materials. This absorption determ nes the quality of
the conducting band structure which may be utilized when a regioregul ar
poly(3 -substituted thiophene) with alkyl, aryl, or alkyl/aryl substituents
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The degree of regioregularity can be, for example, about 90% or more, or about 95%

or more, or about 98% or more.

HETEROSYNTHESIS

Synthetic methods, doping, and polymer characterization, including regioregular
polythiophenes with heteroatoms in the side groups, is provided in, for example, U.S. Patent
Nos. 6,602,974 to McCullough et al. and 6,166,172 to McCullough et al., which are hereby
incorporated by reference in their entirety. Additional description can be found in the article,
“The Chemistry of Conducting Polythiophenes,” by Richard D. McCullough, Adv. Mat., 10,
No. 2, pages 93-116, and references cited therein, which is hereby incorporated by reference
in its entirety. In particular, section 4 describes “Chemical Synthesis of Heteroatomic
Functionalized Substituents on PTs: Recognition Sites for Self-Assembly and Chemical
Sensing.”

Another reference which one skilled in the art can use is the Handbook of Conducting
Polymers, 2™ Ed., 1998, Chapter 9, by McCullough et al., “Regioregular, Head-to-Tail
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Nos. 6,602,974 to McCull ough et al. and 6,166,172 to MCul | ough et al.,
whi ch are hereby incorporated by reference in their entirety. Additional
description can be found in the article, "The Chem stry of Conducting

Pol yt hi gphenes, " by Richard D. MCul |l ough, ~Adv. t... 10, . .No. 2, pages
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substituents. In some instances, the 3-substitutent may contain a heteroatom other than

oxygen (e.g, S) in addition to an oxygen atom in the a-position. The amount of regio-regular
2,5’-couplings for these materials can exceed 95%.

Regio-regular poly(3-substitutedthiophenes) with alkyl, aryl, and alkyl/aryl
substituents and an oxygen atom in the a-position of the 3-substituent demonstrate the same
enhanced performance as other regio-regular poly(3-substituted) thiophenes with alkyl, aryl,
and alkyl/aryl with regard to processability, defect-free electronic structure, high extinction
coefficient, high electronic mobility, and improved solid-state morphology. Furthermore, the
heteroatom functionality increases the solubility of this material in polar organic solvents like
tetrahydrofuran, dimethylformamide (DMF), 1-methoxy-2-propanol acetate (PMA), and
chloroform, which enhances the processing options for this material and allowing the
selective dissolution of this layer in the presence of other device components. Stability can
be improved particularly in the doped form with the heteroatomic substitution. Another

example of solvent is halobenzenes such as chlorobenzene.
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substituents and an oxygen atomin the a-position of the 3-substituent
denonstrate the sane enhanced performance as ot her regio-regul ar

pol y(3-substituted) thiophenes with alkyl, aryl, and alkyl/aryl with regard
to processability, defect-free electronic structure, high extinction
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excitons, reduction rge mobility, interfacial morpholdgy effects such
as phas ¢hespyipmert in@omnzomncbrganicl and pelansolventsd (kheisolubility ofi thesomatestalsi nt o a nore

hi ghly conductive state,which jis not suitahbhle for .electrolum nescent
appl i Ca&q‘&@t_es ﬁ?é‘r@”ﬁcéu%w Qﬂtmwﬁ?ai’eﬁeﬁ%&ﬁ\”&%l? fPﬁGIqu{ spplicatign ¥e removed
froma £ ROy iR inesMrit deibed hese are facilitated by the ability to

di ssolve the polymer i n common organic and polar solvents. The solubility
of these nut Ghesd matefials chn bamade aheligonpn chdincsitchas (3-alkoxythidphete)y (3an be

s YIRS e W e AL I
(3- al koxysh IIEHE). B0 of & pAtf bV WA 121350 an@ highBA ok fok Bhegt siaeial gphene)

, in whic I's the nu repeat units w vdl'ue o or as
pol ymer snosttypidatii has a-valtie 8550-20@ when hsed, as lap-type semhiconductatip niosdanion  nost

typically h a val ue of 50-200 when used as a p-type sem conductor in a
or gani ceYe@trgﬁwwsa?ﬁt €¥€ent device. OXYGEN | N BETA POSI TI ON Regi o-regul ar
pol y(3-substi tutedthi ophenes) with alkyl, aryl, and al kyl/aryl substituents
and an oxygen atomin the (3-position of the 3-substituent has al so been

pr epar e@XVGEENEN BETA POSHION ckel cross-coupling of

2 T oD S R o Dol (3 subatituredtiabphonsd) with alkyl, aryl, and alkyl/ary]
substituents and an oxygen atom in the B-position of the 3-substituent has also been prepared
by the McCullough (nickel cross-coupling of 2-bromo-5-magnesiobromo-3-alkoxythiophene)
and GRIM (Grignard metathesis of a 2,5-dibromo-3-alkoxythiophene followed by a nickel
cross-coupling reaction) methods. Specific examples of this class of materials include
poly(3-substitutedthiophenes) with 2,5-dioxahexyl and 2,5,8-trioxanonyl substituents. In
some instances, the 3-substitutent may contain a heteroatom other than oxygen in addition to
an oxygen atom in the a-position. The amount of regio-regular 2,5’-couplings for these
materials can exceed 95%.

Regio-regular poly(3-substitutedthiophenes) with alkyl, aryl, and alkyl/aryl
substituents and an oxygen atom in the B-position of the 3-substituent demonstrate the same
enhanced performance as other regio-regular poly(3-substituted) thiophenes with alkyl, aryl,
and alkyl/aryl with regard to processability, defect-free electronic structure, high extinction
coefficient, high electronic mobility, improved solid-state morphology. Furthermore, the
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and GRIM (Gignard netathesis of a 2,5-dibrono- 3-al koxyt hi ophene fol | owed by
a nickel cross-coupling reaction) nethods. Specific exanples of this class
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HETEROATOM IN ALPHA POSITION
Regio-regular poly(3-substituted thiophenes) with alkyl, aryl, and alkyl/aryl
substituents and a hetero atom in the a.-position of the 3-substituent has also been prepared by

the McCullough (nickel cross-coupling of 2-bromo-5-magnesiobromo-3-a.-
heteroalkylthiophene) and GRIM (Grignard metathesis of a 2,5-dibromo-3-a.-
heteroalkylthiophene) followed by a nickel cross-coupling reaction) methods. Specific
examples of this class of materials include poly(3-substituted thiophenes) with 1-thiaheptyl
substituent, In some instances, the 3-substitutent may contain a heteroatom other than
heteroatom in addition to a hetero atom in the a-position. The amount of regio-regular 2,5°-
couplings for these materials can exceed 95%.

Regio-regular poly(3-substitutedthiophenes) with alkyl, aryl, and alkyl/aryl
substituents and a hetero atom in the o.-position of the 3-substituent demonstrate the same

enhanced performance as other regio-regular poly(3-substituted) thiophenes with alkyl, aryl,
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these materials n most typically has a value of 50-200.

HETEROATOM IN BETA POSITION

Regib-regular poly(3-substitutedthiophenes) with alkyl, aryl, and alkyl/aryl
substituents and a hetero atom in the -position of the 3-substituent has also been prepared by
the McCullough (nickel cross-coupling of 2-bromo-5-magnesiobromo)-3-f-
heteroalkylthiophene) and GRIM (Grignard metathesis of a 2,5-dibromo-3-f3-
heteroalkylthiophene) followed by a nickel cross-coupling reaction) methods. Specific
examples of this class of materials include poly(3-substitutedthiophenes) with 2-thiaoctyl
substituent. In some instances, the 3-substitutent may contain a heteroatom other than the
heteroatom in the 3-position. The amount of regio-regular 2,5’-couplings for these materials

can exceed 95%.
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of repeat units with a value of 2-10 or as polyners in which n = 11-350 and
hi gher, but for these materials n nost typically has a value of 50-200.
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These materials can be made as oligomer chains such as (3-B-heteroalkylthiophene),,

(3- B -heteroarylthiophene) ,,, or (3-B-heteroalkyl/arylthiophene) , in which n is the number of
repeat units with a value of 2-10 or as polymers in which n = 11-350 and higher, but for these
materials n most typically has a value of 50-200. '

DOPING
The use of a regio-regular poly(3-substitutedthiophene) in which the 3-substitutent is

an alkyl, aryl, or alkyl/aryl moiety with an oxygen substitution in either the a- or §-position
of the 3-substituent or a hetero atom in either the a- or B-position of the 3-substituent as well
as copolymers of these materials as an HIL/HTL layer in an organic electroluminescent
device can comprise a controlled oxidation or “doping” of the polymer to obtain the desired
conductive state that is important for performance. Upon oxidation, electrons are removed

from the valence band. This change in oxidation state results in the formation of new energy
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made suitable for their application as H L/HTLs for el ectrol um nescent
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conducting HI L/ | ayer are that they retain their conductivity for
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operational range of robust ch;Lge nobility and allows "the tuning of

pr oper t halogens svolmas broming iedine, and ehlorinmofferciomei adyansagash Bydespiraling teeci es and
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conduct ic¥ebPEstRRIkd. CBecddt %mbﬁhlfﬂ%eﬂﬁ@%uﬂm dubilit9'Th BfaanicAdivesss, and
chlorine offer some advantages. By controlling the anount of exposure of

t he dophalogens majebeagpind in thecgas phase or ingsobwivnu E¥iddtion afthe palymet ¢apTeduce
the solubility of the material relative to that of the neutral state. Nevertheless, some solutions

may be prepared and coated onto devices.

Other examples include bromine, iodine, chlorine, iron trichloride, gold trichloride,
arsenic pentafluoride, alkali metal salts of hypochlorite, protic acids such as benzenesulfonic
acid and derivatives thereof , proprionic acid, and other organic carboxylic and sulfonic acids,
nitrosonium salts such as NOPFs or NOBF, , or organic oxidants such as tetracyanoquinone,
dichlorodicyanoquinone, and hypervalent iodine oxidants such as iodosylbenzene and
iodobenzene diacetate

Some Lewis acid oxidants such as iron trichloride, gold trichloride, and arsenic
pentafluoride have been used to dope poly(3-substituted thiophenes) via a redox reaction.
These dopants have been reported to result in the formation of stable, conductive films. This
is primarily accomplished through the treatment of the cast film to a solution of the metal
chloride, albeit the casting of doped films is possible but is rarely reported
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can be controll ed. Because of their high vapor pressure and solubility in
organi ¢ solvents, halogens nmay be applied in the gas phase or in solution.
Oxi dation of the polynmer can reduce the solubility of the material relative
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propri oﬁ?@a{éﬁéf%b%?%er o?’gf’lﬁ#?ﬂgg@gﬁ’%f‘éiig’ ﬁ?ﬁig fonidgﬁggﬁfﬁeéf)ygagn?nﬁ%eral
aci ds soxidantaMixitures ean teuisedir Ope anixtuteysthiok barmbé used asp4IS AuaretBQo Nbmpe

pol y(3-sulstituted thjiophenes j trosoni um sal.ts .such, as PFG. and NOBF4
Pan bo. B QrBANG PRI 5E ot A ED MRS ATBTGHRSCHIPUgR i B0k IERER A MPODh
produces ; : sl L | I o s s Sl

Feact | of it Btientdaf it kddd ol MRty O AR o0 dopihl ARl O BRI e
and hypetabilityeinthe dopidrstaterxi dants such as i odosyl benzene and i odobenzene

di acetate can be used, O [ oxi dant.s .,can, for. exanpl e, Laryl

sul foni ¢ aci §xamplsg Wmim&h@ﬁ(‘%ﬁs%@m gF“ﬁﬁaQ%@rﬁéél%rﬂéng&"Wur es
can be XL | :ﬁ?'u?n qﬁm]) . 1Rfnedion idic -
or gani cqgg%gﬁ@ﬁggﬂr?ﬁbﬁg\éﬁh% ou(giﬁ)’t e p§§s r@- gg@?l ption |£°I%gt limted
by t heoayid) DNDS A (bmbnyusphthdietesulfonicagd)p TCDE2,34,8ketradhjorbquihened; TFQ

i rreversi bl e doping reactjqQns to_provide go stapbility |n, the doped state.
Ecampl o -3 AdH TR EPRRGRE A h bRFRgHingnsls MESA Baeghancshifontc acid 14

2, 3- Di ' - oo Aane) - . t b ;  DNNDSA
(D monyl G0 2 35 8- EUGHAN6T 28 - BERA R AR o) e TR A T o
aci d); fdtcyahoquiiofimetliana)yhl or oqui none); TFQ

Doping can be carried out in solution or in the solid state. The amount of dopant can

be varied to determine how much dopant is needed to achieve the best or the maximum

oxidation. Disappearance of a large absorption band around 500 nm can be monitored.

ADDITIONAL EMBODIMENTS

Regio-regular poly(3-substitutedthiophene) in which the 3-substitutent is an alkyl,
aryl, or alkyl/aryl moiety with an oxygen substitution in either the a- or B-position of the 3-
substituent or a hetero atom in either the a- or B-position of the 3-substituent as well as
copolymers of these materials can be used as an HIL/HTL layer in an organic
electroluminescent device.

A copolymer of these materials can be a homo-, block-, alternating-, and random-
copolymers of which incorporate one or more of the materials defined as a regio-regular
poly(3-substitutedthiophene) in which the 3-substitutent is an alkyl, aryl, or alkyl/aryl moiety

with an oxygen substitution in either the a- or B-position of the 3-substituent or a hetero atom
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(2,3,4,5-tetrafl urorquinone); BQ (1, 4-benzoqui none); MESA (Met hanesul fonic
acid); F4- TCNQ (2, 3,5,6-tetrafluoro-7,7, 8, 8-tetracyanoqui nodi net hane); and
TCNQ (7,7, 8,8- tetracyanoqui nodi net hane). Doping can be carried out in
solution or in the solid state. The anopunt of doBg:t can be varied to

det er ni ieeitherthartPrdbpesition of the duubstiteens ehasst,copohangsof e regiotragularapaly@m

o £ or st AR SRl RSN ARP DT oF YT A
pol y( 3- $yBsdn subétREEGH RRIBBEhe I oYBLoRitiol Of BreSHAfstitudhiedita HeterdAtord 1y . aryl,

or alkyl/aryl noiety with an oxygen substitution in either the a- or
(3- posi keither thé ot treB-positivl of thie Gesubstituert with locksaomposed efl gobyners bailiefromr
(3-position of the 3-substituent as well as _copol yners of these materials

can be gEemess Bi6h pp CHAPH A diers Ar 3 A hen Rincianabizedaryheroup dearyaries ce. A
copol y n%ﬂagfggftoﬁ?ﬁg Jéﬁ}u\%%{leg 'ﬁl?eln%%‘,cr)tr}l? %I%E(Wﬁ@?é R PHO Ekal, gg,' ,Pﬁ,rﬂ%ﬂ,rlgé and

random ~copol yners rate one or hor e ’material 5 defined

as a re@ictoneggiloxanes, ptd X(RPatiggdinitiatorsit hi ophene) in which the 3-substitutent
is an al kyl, aryl, or alkyl/aryl poiety wth an oxygen substitution in
either the aé eﬁp@wsﬁm@nbsfarwnsowﬂéﬁﬁ PEIYIET GERpFiSng AGPEIA8 i n

ei t her - LA [l a

Fegi o r S POl bt RBhBle) iy RS I S sl o, SRR AR, . ¢
an al ky &noiétZWim &Y 0:8/gky butRtiditioDh Either Mel d- t'B-pEXGIEEST thel BShibdtitidn®bran ei t her
the a- or (3-position of the 3-substituent or a hetero atomin either the

a- or ( Reteosatbndn eithertthe o3 osfipesitibn efithe\di-substithentlos ag o vppedpienéf quegiprer s
built f CH2CH wh Ar = I f ' lized
aryl  gr SR EODOTaHE BT OPRGRE e Bich S-S UsAI UL ERD Gtnad oAt e o
R=H, : 4 dact a t . 3

macr oi nﬁ(%%t&(w {sﬂ mA&ggglgF%b%#mgﬁg%&%ﬁ ﬂ%?—a&ﬁgﬁﬁgngéﬁﬁﬁlspwggp %opol ymer
conpris ih@ﬂr@atbﬁﬁh%ithéﬁlﬁé' kabr Po¥itisn Sﬂ@:;éBi-sfiuB&ﬁdérhivﬁﬂb@BI%):k tomphécdvrioe

3-substitutent is an alkyl, aryl, or alkyl/aryl noiety with an oxygen
subst i t ot more fumctionatized thiephene derivativesoer as amegmfreghlar foly(Bst i t uent or a

s s WP B R oAb T B B
3- subst io%( e?l%béﬁscu?ﬂm al éf%ler the'a¥ lror g%{g)sﬁloﬁlﬁk fh%rﬂéubﬁgﬁgﬁttéf allebdto %prﬁy gen

substitu nin-erther the a- o osition of t subst!tuen or a
het er o githenthéloeot Bpositibe ofithe Grsubstitieritiok koA cepolyher cf-asepidtrepulenpolyf3t h a

bl ock conprised of one or nore functionalized thiophene derivatives, or as

a regi osubstitutedthiophene}in which the 3-substitutent is an alkyl, aryl, or alkyl/aryl moiety with an
oxygen substitution in either the a- or B-position of the 3-substituent or a hetero atom in
either the a- or B-position of the 3-substituent as a copolymer with random or well-defined
copolymer comprised of one or more thiophene units.

A copolymer can be a regio-regular poly(3-substitutedthiophene) in which the 3-

substitutent is an alkyl, aryl, or alkyl/aryl moiety with an oxygeﬁ substitution in either the -
or B-position of the 3-substituent or a hetero atom in either the a- or B-position of the 3-
substituent or as a copolymer of a regio-regular poly(3-substitutedthiophene) in which the 3-
substitutent is an alkyl, aryl, or alkyl/aryl moiety with an oxygen substitution in either the o~
or B-position of the 3-substituent or a hetero atom in either the o~ or §-position of the 3-

substituent with blocks of random or well-defined polymer comprised of one or more
functionalized oligothiophenes which is also random or well defined.

An electroluminescent device can be fabricated which can be a device which emits
photons through fluorescent and/or phosphorescent processes when an external current is

applied. The device can have, at a minimum, two electrodes across which a potential is
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substi t ut edt hi ophene) in which the 3-substitutent is an alkyl, aryl, or

al kyl /aryl noiety with an oxygen substitution in either the a- or
(3-position of the 3-substituent or a hetero atomin either the a- or
(3-position of the 3-substituent or as a copol yner of a regio-regul ar

pol y( 3- appliedtto powerthb ideyiberan)l ailmmiresceht mhterigl inbetweéenuwldoh isiresponsiblekfot , aryl ,
or al kyI/a{%é rrﬁi %gy Wi th an oxygen substitution in either the a- or
SjposiftF’GF' therfig -substituent or a hetero atomin either the a- or

(i -position afydlife Arafitbdévite GRlbeFabritat@RAliYEBn VY 4 Hevidd iHOuR atRAtix d¢f i ned
copol ymer conprised of one or nore thiophene units. A copolyner can be a
regi o- r dightl emittingl di¢d: pinels wheeret anytdme applividedl pixel whillumindted By powdringia ut ent i s
an al kyl , | . or alkyl/aryl .nmojety wth an oxygen substitufion.in either
the a- Sbeotts i pF sie gnd erfbods wherei e chnser pIxal oms 1 imtesEian ShtHABYO { ne. a-
or (i -pg@h&é&go of the 3- substituent or as a copol yner of a regio-regular
pol y(3-substitutedthi ophene) in which the 3- substitutent is an al kyl, aryl,
or al kyl / ar yl/Anraotied¢ ynatriz ¢anche fabryepted whibls isi & devicerineIndiap taheatrik lo€light or
(3-positign of the, 3-substituent, qr, etero.atomin_either the a- or

(3~ hosi EFmeing iodn pivsls Whs ey aur individuel BeLe disminpled #5,5PBROliGE PG | ned

pol ymer L As SR f ! | : iﬁﬁm{h ' lch is

al so ran gér?or V\gﬁnggaﬁrggogﬁrﬁle%v%??%P%ﬂndeéggﬁgh evi ?8&%%%@3“%% cat ed
whi ch caonttod the pireliand supply theemecesarypinaentrts powenthgtpitdluor escent and/ or
phosphorescent progesses when .an external current i appl i ed.. The device
ban have. at AdoRERItaEelecRBlENReR 5 dEkicn eanaesthRsated whishiis. activematriy o

appl i ed : feyi : ] : ' ' which is
oo pons pfiePiFhich B 1N 1<hyBRth e WHECERRTHDRCTE (! ity e IRGD

f abri catedcerthatdontzin theccoatrdHingtmnsistor cicbuitpy.a matri x of |ight emtting di ode
pi xel s where any one [ndividual pixel is.,illumnated by powering.a specific
strip of anodePdtiom emitiingele P@M@sqenbdwrgﬁ{};mcafﬁmﬂweawm section
of the {1Mix f: : i I | | hs:a device
includi ng & ‘?réavt?(%l ‘é%gﬁ&f ?fgégltgﬂﬁér%&??% %%@8??@@%@?’?@8%% i dlal
pi xel i shat béntaih nizd cothtdoYinpoirdnsistdr icireuitrpeshining eithiee throagls orsddjacsntcthe | ocat ed
above, belqw, or adjacent to the pixel which acts as a swtch to control

t he pi xEICHER supply the necessary current to power the pixel. A top
emtting el egt.r@fum | e ¥-Tol g b &4l p@sﬁ't’i ctive
matri x devi gg@%%ﬁ@%‘%hﬁgﬁgﬂht |§Pegtr¥1 té%%?%rﬁ?%gﬁgﬁgggﬁpg% opp‘%si te to

t he | ayeharge fromyatr eleqtiodt kitherditrecitetot dnadlectiohimingscetematerialrarltd b sgbsequensi st or

circuitry. . ] . ] g .
HYI'L material and is comprised of a discrete monolithic layer, or a blend or mixture of

materials that have the following functionality such as: two or more polymeric or molecular
HILs, an HIL with an electroluminescent material, or an HIL. with a conductive or non-
conductive filler of processing aid. It may also be one or more HIL active materials that are
organized into a discrete structural unit or array or a combination of HIL active materials in
which one or both materials are bound to a non-active organizing matrix such as a polymer or
supramolecular scaffold.

An HTL can be a component of an electroluminescent device that carries positive
charge from an HIL or an HTL either directly to an electroluminescent material or to a
subsequent HTL material and is comprised of a discrete monolithic layer, or a blend or
mixture of materials that have the following functionality such as: two or more polymeric or
molecular HTLs, an HTL with an electroluminescent material, or an HTL with a conductive
or non-conductive filler of processing aid. It may also be one or more HTL active materials

that are organized into a discrete structural unit or array or a combination of HTL active
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A bottomemtting el ectrolum nescent device can be fabricated which is an
active matrix device in which the light is emtted in the direction of the
| ayer or layers of the device that contain the controlling transistor
circuitry, shining either through or adjacent the circuitry. An HL can be
a conpommateriadd inawhich ent obalivimaérintsare awidde atnoatactive oigasizganatiivuchcdsar ge
froman el ?ctrode elth%f’“]g-h %5% to an el ectrolum nescent material or to a
subs equ@MO'YIReFOr fERTamP onprised of a di screte nonolithic |ayer, or

a blend or mpgbwrE/FIfL d@t&rmﬁiﬁa&ﬁé&bﬁéﬁhj‘ﬁ tﬂ%%ﬁtﬁ'ﬁhﬁ&ﬁidntdf such

as: two or nore polyneric¢ or nolecular an HP
el ect r olsputeningcdip coatinge oi by pnmhngaueclmquewsudh a8 inkjetting, ioffsetting; etransfenduct i ve
filler of processin .t may al so be one or nore H L activé nmaterials

t hat ar@mcﬁf‘%%g gYPR icgligfSscrete structural unit or array or a
conbination of HIL active materials in which one or both materials are
bound to a non-active organizing matrix such as a polynmer or supranol ecul ar
scaf f ol MORE ADDITHONAE EMBORIMENTS of an el ectrol um nescent devi ce that

carrie osit e an HIL or an HT t her rectl to an

CPeet rol oy e Batemhedigienbot i eI o i ceap ke

conpri s

ot or i ar QLT o{Hapes %ﬁ?@?&?ﬁ%ﬂ%ﬁﬁﬁéﬁ%ﬂaﬁ?ﬁh@ﬁ@ﬁn S’éml{‘%g%ﬁ*ﬁsﬂm

pol ymer iicarpalkylpadyk v abkiyl/affl moiety withlanwixyferesubstitation ol eithen s frptsitional , or

an HTL with a conductive or non-conductive filler of processing aid. It may
al so be ofthe &asubmtruentmla hetarp atonpin eithenthe o- pnﬁtpoant@nmf@mﬁ-zvdzstltumtasawdl screte

t t I t t L t t
ohi oh o CRROTER of Hess tuafecialh g i1 BCoBPLEt o Dokt Japed Sl B FFREPRa 1 % such
as  a PRkyfRe, i igiing, WM GHITR!, f6H tidhlGiidR] ah%cﬂ&me%ém ?eﬁﬁﬂu&?de”@ pgct ured by

spi n casting, drop castl hg, vapor deposition of sputtering, coating, or

by pri ntacrdgnﬂtmsdmmqtse]&s such las NORHglor NORBF4) gr oxgahic oaxidaintsy  Figure 7 nevides an
pr oces r bg/ spray applications. MORE ADDI TI ONAL EMBODI MENTS A first
enbodl MSUBHOR.hi s i nvention i s an el ectrol um nescent device wherein the

LT cormacies bk aator o5 el LU GORANBERSb el b0 Ch (e
subst i t whegsin the ILVHEL cbhxpnaes aaregm-mgs]at palp(3-substitatedthispheat) inwdni¢h the 3a
hetero atomin either the a- 3-position of the 3-substituent as well as
copol ynsubstigstentivamalkyl éml,anr s modety, N pacpxygemsubstiadian dmeither thetor, f or
exanpl e, ‘or B-position of the 3-substituent or a hetero atom in either the a- or B-position of the 3-
substituent as well as copolymers of these materials which is undoped or has been doped
with, for example, bromine, iodine, chlorine, iron trichloride, gold trichloride, arsenic
pentafluoride, a protic acid, nitrosonium salts such as NOPFs or NOBF,, or organic oxidants
that has been blended with an EL material and applied as a transition layer between an
unblended ELL and an unblended HIL/HTL or anode. Appropriate EL materials include both
small molecule and polymer electroluminescent materials. Figure 8 provides an illustration.

Another third embodiment of this invention is an electroluminescent device wherein
the HIL/HTL comprises a regio-regular poly(3-substitutedthiophene) in which the 3-
substitutent is an alkyl, aryl, or alkyl/aryl moiety with an oxygen substitution in either the o-
or B-position of the 3-substituent or a hetero atom in either the o~ or B-position of the 3-
substituent as well as copolymers of these materials which is undoped or has been doped
with, for example, bromine, iodine, chlorine, iron trichloride, gold trichloride, arsenic
pentafluoride, a protic acid, nitrosonium salts such as NOPF¢ or NOBF 4, or organic oxidants
that has been fully blended with an EL material and applied directly on an HIL/HTL or
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brom ne, iodine, chlorine, iron trichloride, gold trichloride, arsenic
pentafluoride, a protic acid, nitrosoniumsalts such as NOPF6 or NOBF4, or
organi ¢ oxidants. Figure 7 provides an illustration. Another second

enmbodi nent ,of this.,invention.is an el ectrqQ]unjnescent device wherein the
H L/ HTL aE@ﬁ‘Fpr‘?*@@gPréPt? EgifB&tP’é%}&P&?u%m%nétﬂgleFWﬁta@ﬁPﬁ Y9hiene) in which the

3- S“bste%e%&&ﬁ?&inésﬁ?rﬁgﬂ%lﬁée{ig@g%9(p1‘8{/id@§ syht 8 MlonM0i €ty Wi th an oxygen

substitution 1 n el -position the 3-substituent or a hetero
atom in ei t heknothes fanrthoembodimensti dfithis imvfentidtreisan eedisfluminesdentdevies whearsin

copol yner s__of ese npterials which js_ undaped, or has peep, ed with, for
exanpl e,ﬂl%lfr&rﬁ'ﬁji‘, cCompaishza re(gFF?'EFr&“i?é ,p01yif§)- sugstiiytedthipphene) o cgﬁfeéil ori de,

arsenic l. ] ' e PNyl e o .S Ssuch . -6 or
SLSen © gy RS S o8 Rl R ibied EOBORAE Sl SHSR B NEFED of
appl i ed oaB-positiontFithd NeubsaiRht el NEED atth inéiepthded JEBLpsNtbnadt the1dl ended
HI L/ HTL or "anode. Appropriate EL materials include both small nolecul e and

pol yner sebstituend asiwelh es capolymers of thesematerigls r whigh prundoged onhasitieemdopedt i on.

Anot her third enbodi pent. of, t.his.invention {s .an electrol um nescent device
her e n Wilth 5% 4kEmpie, DR iodiBe Gl ishira R Sfastde, B8 hi ophene)
in whi C@el. BAuckideS # padtictdel® Rltrdsdnifth btk ¥ich ANOPFr r@tﬂ],/&royémﬁ%ﬁamm th an

oxygen Substitution in either the a- or 0-position o e 3-Substituent or a
het er o dhetimas beeniti¢nsled mith another HIL A matsrialdndtapplied asaitransitiondayeras wel | as

copol yners of the lal s which | d_or has, been, doped ith, for
cxanp! o DeteaHahnCieaRHaLL and of PrdendeSHEARFE br Shadic Anporiris REKFRL do.
arseni c mAGH R iAE befh snfhlPhSleb @l 8hd Polyhict fafeiais! Pigiat 16 &w&s% NCPF6 or
NOBF4, or organic oxidants that has béen fully bl enhded th an EL materi al

and applillestration.ect |y on an HIL I HTL or 21 anode. Appropriate EL materials

i ncl ude both snal | | equl e and .pal yner,. el ectyol] uni nescent, materi al s.
H oo o o oAtnaier S Eytociinatt s B JitBRtiosris A &legRo BRIBSF I JeViot Wheel

i nventi ' ' ﬁ%gﬂ% i Wﬂﬁéﬁ: : ; onprises a
regi o-rggbu%rg“r/ﬂgc]ﬂeéy? g gg%)gﬁg%t t Pg}gﬁé?\%s In P%l%\énltaﬁlé{_{gycsu s%i tutent is
an al kylsubstitytent i9an alkicly brydyotlalkydiasyl ynolety ivithrancoxygemsubistitiition dn either the ogi t her
the a- or P-position of the 3-substituent or a hetero atomin either the a-
or P- po®r Bipesition of the Bsubstitient enpeliatera gtomein either theooloy fepasition afiksd mat eri al s

whi ch i s_undoped or,has been doped with,. far | e.. brom.ne, . iodine,
chi or i n@ubSEPERT £ WEh AE FaraDmers PR Al qiciys SafipRed S RF besm oPRde.  »
protic agitd foﬂ&gaﬁaﬁ&?ﬁfoﬁﬁhé,%diﬁe,%fdﬁn@sirm ofide, ¥R tichiride! #3¢i¢ oxi dants

that has béen blendéd with another H L/HIL naterial and applied as a
t ransi t ipontaflugride, a protic acid, nitrosonium salts such as NOPFs or NOBF,, or organic oxidants

that has been blended with a polymeric anode material and applied as a transition layer
between an unblended polymeric anode and an unblended HIL/HTL or ELL. Appropriate
polymeric anode materials include highly conductive and transparent conductive polymers
such as those based on PEDOT, poly(3-substituted)thiophenes, poly(3-substituted)thienylene
vinylenes, polyaniline, polyphenylenevinylene, poly(N-substituted)pyrroles, and
polyacetylene. Figure 11 provides an illustration.

Another sixth embodiment of this invention is an electroluminescent device wherein
the HIL/HTL comprises a regio-regular poly(3-substitutedthiophene) in which the 3-
substitutent is an alkyl, aryl, or alkyl/aryl moiety with an oxygen substitution in either the o-
or B-position of the 3-substituent or a hetero atom in either the a.- or B-position of the 3-
substituent as well as copolymers of these materials which is undoped or has been doped
with, for example, bromine, iodine, chlorine, iron trichloride, gold trichloride, arsenic

pentafluoride, a protic acid, nitrosonium salts such as NOPFs or NOBF, , or organic oxidants
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bet ween an unbl ended ELL and an unbl ended HI L/ HTL or anode. Appropriate

H L/HTL nmaterials include both snmall nolecule and polynmer materials. Figure
10 provides an illustration. Another fifth enbodi ment of this invention is
an el éctrol um nescent device wherein the H L/ HTL corrlgri ses a_regio-regul ar

pol y( - sthst hes baea dully blsndadoyith a palymegicepedesmatgripland syele thet it sonducts disgetly ar y| |

or al ky ' ] XY, ' s ' L& .
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Phat  hadolBheioreRBS bt B Sustilbaiveis fnd bordebfene, g g 2 plpitis o'
transi t apfllds@dsn. bet ween an unbl ended pol yneri c anode and an unbl ended

H L/HTL or ELL. Appropriate polyneric anode materials include hjghly
conductive add® badimentof ithis inyentjoreis @ passivamatrix ¢lestvolwainsicenin

Aefeatheambad . :
Uyt endEvith SREHRFE AT (hRBERG ea Bt S MIGRMEROET | o s,
and  polwhiéiethl Basubstitiiefitis an Alkyh eyl stadkylaryllrhsistywith anoxyef shisstitfiontin

embodi nent of this invention is an el ectrol um nescent device wherein the
H L/ HTL eitherphé geer Brpositipw of tg 3-substuent 0B a betswy atomtin ¢itherahtran el Bipasitibn ch t he
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anode MgieRfrbRinifdibert detict Whkreid the FNHASTE cglh'bﬁfésla)feg'Bq-e%ﬂg i @bded Hi L/ HTL
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t r ans pasebstitutedthiophéned impwhighntires3-substitutiént ¢s anhadkyd, aryk ed akayl/@fyDadjetpwith @8-

bsti t ut ed) t hj ophenes, _pol y( 3- i enyl, i nyl enes, .
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wher ei N whih shubAépel of PEPbéchIoped WiH ibforhide Ubdine sl oring; fbR &idnldHdRdgdl ophene)
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trichloride, arsenic pentafluoride, a protic acid, nitrosonium salts such as NOPF¢ or NOBF4,
or organic oxidants.

Another ninth embodiment of this invention is a top-emitting, active-matrix
electroluminescent device wherein the HIL/HTL is comprised of a regio-regular poly(3-
substitutedthiophene) in which the 3-substitutent is an alkyl, aryl, or alkyl/aryl moiety with an
oxygen substitution in either the - or B-position of the 3-substituent or a hetero atom in
either the a- or B-position of the 3-substituent as well as copolymers of these materials
which is undoped or has been doped with bromine, iodine, chlorine, iron trichloride, gold
trichloride, arsenic pentafluoride, a protic acid, nitrosonium salts such as NOPFs or NOBF,,
or organic oxidants.

In an tenth embodiment, the 4 position of the thiophene ring can also be substituted.
The substitution at the 4 position can provide the same substituent as that at the 3 position,
providing a symmetrical substitution pattern. Or the 3 and 4 substitution can provide
different substituents and an asymmetrical substitution pattern. Examples of groups which
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whi ch the 3-substitutent is an alkyl, aryl, or alkyl/aryl noiety with an
oxygen substitution in either the a- or p-position of the 3-substituent or
a hetero atomin either the a- or p-position of the 3-substituent as well
as copolyners of these materials which is undgped or_ has been doped with

br oni ne can bamsed as @§nbstitant at the 4 nositign inglydealkyl.Aryl, and alkylaryl @E0uPsr seni ¢

pent af | wog i r.at.J ' ' ' ”b?l?%g . NOBF4, or
or gani cﬂ%;i(‘lid%{nse.ﬁlygﬁo kll’ rrgﬁ(lg%‘%tﬂf’ éﬁn(g%lg irHr]r(g'nt 0 te?ﬁﬁgﬁlp h@&l%lzglfg{ea

bot t om eubstitients, desaritied dheraiit forthe ®pexsition invhading thesd with \heteeodtdmas.ei n t he

HI L/ HTL conprises, a regi o-regul ar poly(3-_ substjtutedthiophene) in which the
3- subst i t ut et an eleyenth prappdiment;the ﬁﬂf %FM@M‘% &Rﬁnqthﬂfétb?n@ﬁd(otﬁ eaghl othsty gen

substit uhi ks | - - DOSI tH . 3= lLye or a hetero
atom i n1 0 Prdifle it BEfoni Ut Baloh d3uBG; CopRuiite bRy SR LBy ©

copol ymegampit, dleanstetialican havea widledphilic grogpariihe btheamabeiahcatpnd ami t h

brom ne, iodine, chlorine, iron trichloride, gold trichloride, arsenic

pent af | glsetrehiliegroupwhicheanreact withgash pihst tofofm aceyplentdinkeps-cCovalegtar4, or
organic ks t anﬁh Hﬁhﬁ | Sonld? i QR S.

t op- emi tb§ ﬁdnlgé p&aegﬁdég& rrlglf6 rix q%‘lf]aeljgpgo u gégse%éﬁijﬁdge\?%%ﬁﬁgﬁe% ér?i'pﬁ.‘e HI L/ HTL

I s conpraldehptdesf catboxgtic acide,witlesterspol y( 3- substi t ut edt hi ophene) in which the
3-substitutent is an al kyl, arél , .or alkyl/aryl noiety with an oxygen

subst i t ut i on Goed@Pertpenanceef an elsptrojumingseany device ¢anaining@Bst i t uent or a hetero

atomin ' P.a-_ Or . D= L LI . h ~Substy. .

copol yrEPEHEopis it R RreBRRt b0 Qosifeatinoptiabl b lin 3 ki

br omi ne js drpalicyearyt o ANdyDary] irfoRdty With @l Ry étEsub@tution I dift Meict®r BACERIAC
pent af | tljsbri de, ?fygr otIildg gl;:yi d,oqgril?,trosoni Z%n sallll ts suI(I:h e{s NOPF6 SPEHNOBM, or
or gani c of fhiedasubstituemnt cxra hetsro htoamincaitherthe o~ hf-positioniof ithe3-sibstituent dsivgihene
ring can al sQ be substituted. ., The substitutiqQn at the 4 posjtion can

provi de 3 AP &b B¢ pehigied whenithep-tupe material iy ganielled pondpctivetats
SYIeL I (fich MHyShilbil t8MB8pdderiocind iR sPhed) EorabdRaddd HihOp.opn Pr Ov1 de

differe su tuents an n asymretrica ubstrtution pa Exanpl es of
groups niuterial Rdthanstalhie impeariticsand othep hpuritiesicambe tdrtrollefas ithat trloenndtude

al kyl, aryl, and alkylaryl groups, .ncluding nethyl, ethyl, propyl, butyl,
and’ t he ¢k¢aed .ag@tﬂ&ooda%;ﬂr&ors H@Pe@érq&r%?ewtt%ee ut $Q<fmw-szs@Pxebed

embod mefgrcrreils dpiAplyhlyBvq o e SPubil oS oskt Y SRR AlTRe pléisé By 70N
can be iatonic absorpiivnagpecttosoomyd iphotoindacsdoit-reyt etnibsioun aedysis) and othes @dtholtor

exanpl e, one_ material can have a nucl eophilic group and the other materi al
can hav&nayn in the art.

PREFERRED EMBODIMENTS
The following represent additional preferred embodiments which can be practiced by
one skilled in the art:

1) The use of a regio-regular poly(3-substitutedthiophene) in which the 3-substitutent is an
alkyl, aryl, or alkyl/aryl moiety with an oxygen substitution in the a-position of the 3-
substituent as a HIL/HTL in an electroluminescent device.

2) The use of a regio-regular poly(3-substitutedthiophene) in which the 3-substitutent is an
alkyl, aryl, or alkyl/aryl moiety with an oxygen substitution in the B-position of the 3-
substituent as a HIL/HTL in an electroluminescent device.

3) The use of a regio-regular poly(3-substitutedthiophene) in which the 3-substitutent is an
alkyl, aryl, or alkyl/aryl moiety with a hetero atom in the a-position of the 3-substituent

as a HIL/HTL in an electroluminescent device.
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el ectrophilic group which can react with each other to forma coval ent
li nkage. Coval ent bonding methods are known in the art including, for
exanpl e, reactions of am nes with al dehydes, car boxyl ic acids, or esters.

Good per formance el ectrol um cent devyi ,ai ning an

HI L/ I-l'I'LéBnﬂB%%T@gEQ T30QERL %‘M@thﬁi’s‘? %%é%lg Lﬁrg ﬁi ophene) in which the
3-substigu - A PR oxygen
Subst 01 EpdinieRts . #wioh e togiogtlel PO TS Kosl A HioMrd) Bt or o
hetero at ompothymert her the a- or p-position of the 3-substituent as well as
copol yne s n be en the terial is in a controlled
conduct i thénen?gg tﬂg\yﬂﬁhh? ReRakypaer lﬁégﬁ’ﬁggﬁg%ly@@h conductive state).

Cont am tEﬁf% &%neht'%?u C}H@E@;{dlater%ﬁﬁ'al?@iﬁ&hl[g'ébgb e ities and other

|rrpur|t s can contro it does no about 1,000 ppm or
mor e parg8)i Gﬁlmdﬁmentdd&achnthatﬂmewepdymbnmtarﬁﬁxfbnppupolﬁnem more preferred is an

impurity level of ab 150 ppmor less. Inpurity lLevels ca,n be nmeasured by
at omi ¢ a?asEmbpdlawn&d&§ F‘&g&‘@@w@ 5?9&1}611%&&@6189&40&57 8§ WHtsanal ysi s, and
ot her | _ﬁgﬁﬁjﬂg ng
represﬁw%%%%#ggpg gﬁg{ R ment s V\:E@(q? can be préélﬁl ce %QAI

skil'l ed i nistdng agyltor ﬁirictliﬁ‘la?hzlede.r)(bfgr@pr egi o-regul ar
pol y( 3- substltutedthlop n n which the 3-substitutent is an alkyl, aryl,
or al kyI]/érEﬂl qdiment §#aﬂfht§hﬂ§w@@1¢1@m§%um&&areéewpdtﬁa@n@wmxmeon of the

3- substl se of a
r egi o- reg Iar y@%kgl%éﬂr&]? egp?] %ﬁfe mé}\/\/ﬁggﬂédtﬁgﬁﬂfﬁ hlyge%nie &' s an
al kyl, asyEmmdlnwntewq sucH thardhiesion-thidphererunits werederivetd Sioni & borjogdted dlbﬁe

R- p03|t|on of the 3- substituent as,a HIL/HTL in an el ectrol um nescent

devi ce. 14)Embedimsatsst9 such daat the rogqthigphens ynits ase desivied dromye tact®ene) in whi ch

the 3-s r th a hetero
atom 1 n N opga b 5,k B i nordohed¥ el 16 Ay B Elotld

el ectrol lmm&mmgwh that the/onRhiphéreahifsatodirived frofida kiloxahie.ch t he
heteroatomis "S" 5) Enbodi nents #1-4 such that the regio-regul ar
pol y( 3- slﬂbsﬁmqumtﬁ#gﬁ‘#@"@ﬁ the nan-thiephene ppits arg deriygdfaemCH2CieRovhase Rhat t he
copol yrer lsSCla bl ock copol yner. 7) Enbodi ment #5 such that the copolyner is
an al ternating copol ymer.

18) Embodiments #9 such that the non-thiophene units are derived from CH,CH;R where R
is OH.

19) Embodiments #9 such that the non-thiophene units are derived from CH,CH;R where R
is H.

20) Embodiments #9 such that the non-thiophene units are derived from CH,CH;R whére R
is CH;,

21) Embodiments #9 such that the non-thiophene units are derived from CH,CH;R where R
is an alkyl group.

22) Embodiments #9 such that the non-thiophene units are derived from CH,CH,R where R
isF. ' |

23) Embodiments #9 such that the non-thiophene units are dérived from CH,CH,R where R

is Br.

24) Embodiments #9 comprising non-regio-regular poly(3-substitutedthiophene) units derived
from one or more thiophene units.
25) Embodiments #9 comprising non-regio-regular poly(3-substitutedthiophene) units derived

from one or more functionalized oligothiophenes which is also random or well defined.

25



8) Enbodi nrent #5 such that the copolyner is a random copol yner. 9)

Enbodi nents #5-8 such that the copol ynmer conprises non-thi ophene units. 10)
Enbodi ment #9 such that the non-thiophene units are derived from CH2CH Ar,
where Ar  is any aryl or functionalized aryl group. 11) Enbodi nents #9 such

that t Eéﬁthboiimmséﬁecompriﬁmgamm-mgiomedmg pdy@m:b?tﬁutcﬁﬁxi@m?)lmjts Emtismgi ment s
4 e ] ) . '
1) S Erbon oD ot fm hotealized Ol bR air s alsS MaleRERd 0 f rom o
conj Ugatz??%%‘bg&ﬁments#ff-)26l:sgtl§)ﬁ{aﬂﬁl@t}mm‘l‘%gr hi¥eeh h@,géaoﬂftﬁ b ORiagRe units are

derived actone. 15) Enbodi nents such that the non-thiophene units
ar e der i28Bmbodimeat #2itinawhich %) dopirgoagentss beomife.such t hat t he non-t hi ophene

non- ¢ i FoNERbodRent L a wikh oping AR R er o R s G 18) Enbodi ment s
#9 Sucr‘gﬁ?ﬁ%ﬁ?ﬁﬁpﬁ?ﬁﬁ"?ﬁgﬁ%Wr{%s'r{:g?ﬁﬁs biiyed from CH2ZCH2R where R is OR

19) Enb t the | ophene units are derived from
CH2 CH2 R 3WhEmbodiment#27 inAGicktHeadbpirgrdgent/i9 iren erfichidride. t he non-t hi ophene units

are derived from CH R wher.e .is CH3. 21) . Qdi mrents #9 such that the
non-t hi é&k:’.‘.‘b@@m%i&%mw#@ op%ﬁg@#?@&étﬂﬁgg’é R is an alkyl group. 22)
Enbodi : (e =t hJ ' rived from CH2CH2R
wher e rI;%@}gn@g&%&p@nﬂ%ﬁﬁgﬁﬁéﬁgh&%ﬁ&?ﬁgsy@hgé%%ﬂ&? | Ophene units are

der i ved 3#) EmbodizehiP# Minevlidcirthe dophig ager)is bpbaitiackht s #9 conpri si ng

non-regi Q- regul ar {)gl_)/,( 3-substifut edt hi gphene) units_derived fromone or
nor e t hi3eph .@dlﬂi}ﬁ’l'ﬂ 2 ipryyhi .%H}&%ge%gség%ﬁﬂsp%lpﬁ’g‘aﬁon-regi o-regular

pol y( 3- S %3035%?29%@2@&{@ S&gﬁﬁl\éa@ﬁﬁgg?%_one or nore functionalized

ol i got hi"ophenes SO0 random or we ned. 25 26) Enbodi nents #9
conpr i si3TYEmbodibegt #35 @ovhiak thealit'¢sdniuumbsdli i INGBEHi ophene) units derived
fromone or nore functionalized oligothiophenes which is also well defined.

27) Enbdd) Rahodiment #2%binswiiph thedopingeagent is prorganigdxidit been doped with an
Oxi dant gy prpodiments 1-38 in which the HIL/HTL has been blended with an EL material and

applied as a transition layer between an unblended ELL and an unblended HIL/HTL or

anode.

40) Embodiment #39 in which the EL material is either a small molecule or polymer
electroluminescent material.

41) Embodiments #1-38 in which the HIL/HTL has been fully blended with an EL material
and applied on an unblended HIL/HTL or anode.

42) Embodiment #41 in which the EL material is either a small molecule or polymer
electroluminescent material.

43) Embodiments #1-38 in which the HIL/HTL has been blended with another HIL/HTL
material and applied as a transition layer between an unblended ELL and an unblended
HIL/HTL or anode.

44) Embodiment #43 in which the another HIL/HTL material is PEDOT, cuprous
pthalocyanine (CuPc), NPD, NPB, PVK, TPD or other organic small molecule or
polymer materials.

45) Embodiments #1-38 in which the HIL/HTL has been blended with a polymeric anode
material and applied as a transition layer between an unblended polymeric anode and an
unblended HIL/HTL or ELL.
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28) Enbodi ment #27 in which the doping agent is brom ne. 29) Enbodi nent #27
I n which the doping agent is iodine. 30) Enbodi nent #27 in which the doping
agent is chlorine. 31) Enbodi ment #27 in which the doping agent is iron

trichloride. 32) Enbodi nent #27 in which the dopin a%ent is gold
t ri chl ord6)Bmbgdimentibyintuhich #epolymen anede n@mwbwﬂg‘f’h@ npolyS-ar seni ¢

ent af | uor i de.. . Enbodi nent .#27 i € ] | |.S. a protic
gci d. 35) %ﬁﬁ%tm%‘itﬁ{()p S ﬂ(ﬁ}/’\ﬂl@‘l ’Pﬂ@pd ile[%@gleeﬂ%o@%ggﬁf@%b dhi uﬁ1 salt.
36) Enbodi gammbinitdn theredh)i Ch the nitrosoniumsalt is NOPF6. 37) Enmbodi nent

#35 in which the nitrosoniumsalt is NOBF4 BB@Enbodi ment #27 in _which the
dopi ng #JeBmbpdimentsily3hinwhich theHIL/HAY. hasbeen fellybiendedwithe polyaeria he

HI L/ HTL has en.bl ended w t.h an eri al i a transition
| ayer bet V\E%O%%m X nagﬁaﬁﬁ%ﬁeéﬁﬁ%cg‘%&%%@ﬁﬁﬁgﬁ?%@ gfa“ﬁ‘éﬂe. 40)
Enbodi mesgh Efi8dintentd T which Be pohjBéricdnods nitdriaeis REDOR! polypl ecul e or

pol ymer el ectrol um nescent material. 41) Enbodinents #1-338 in which the

HI L/ HTL hasubistteddthiophenssepalganiling, polyphenylengviaylene, polyagetylgpei @d on an
unbl ended HI Lé 0, anPde. 42) Enbodi nent #41 in which the EL material is
either a sHEPY™

(@n

HIL
ARrLREReRL: o pol ymer el ectrolum nescent material. 43)

Enbodi mey9h Endbbdidfents ¥ M8 fhwhibE tHd devidelis H8sttdieRmittingNitaide M difix anot her HI L/ HTL

material and applied as a transition |ayer between an unblended ELL and an
unbl ended eletttolbminesgenbidestiee. 44) Enbodi nent #43 in which the another HI L/ HTL

i al_ .l E . I ' CuPc),,. D, PB, PVK,, TPD
ot her  orGhEmeossss ey wBh AR G Basaivandirx HepisoNaphesp ot 38 i n
whi ch t b)) "Ehbbﬂﬂnehﬁ%lhﬂleﬁ\ Mi@%ﬂﬁ(ﬁeﬂchlﬂs @m@oélmi&ﬁfgi, gctRRGHArixat eri al  and

applied a§ a transition layer between an unbl ended pol yneric anode and an
unbl ended eéletttdlimninesceit devi@6 46) Enbodi nent #45 in which the pol yneric anode

pol ypheriy) RG-S BEREdA o SRAEAF i 88 S8iaalS of e p-

type material with metallic impurities and other impurities does not exceed about 1,000

ppm, and more particularly, about 500 ppm, and more particularly, about 150 ppm.
53) Embodiments #1-52 in which regio-regular poly(3-substitutedthiophene) is used
which comprises fluorine substituted alkyl and aryl functionality including perfluorinated
alkyl and aryl groups.
54) Embodiments #1-53, wherein the HIL/HTL layer is neutral or undoped.

ADDITIONAL PREFERRED EMBODIMENTS:

Priority provisional application serial no. 60/612,640 comprises 65 claims which are
incorporated herein by reference, In these claims, an embodiment, called herein “ABC,”
comprises an electroluminescent device comprising an HIL/HTL layer which comprises at
least one polymer comprising a regio-regular poly(3-substitutedthiophene) in which the 3-
substituent is an alkyl, aryl, or alkyl/aryl moiety with a heteroatom substitution in either the
o.- or beta-position of the 3-substituent. The substitution can be with oxygen or sulfur. Other
more particular embodiments include the device according to ABC:

- wherein the substitution is with oxygen.

- wherein the substitution is with sulfur,

- wherein the substitution is in the alpha position.

- wherein the substitution is in the beta position.
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conbi nati on thereof. 47) Enbodi ments #1-38 in which the H L/HTL has been
fully blended with a polyneric anode nmaterial and applied to conduct charge
to an unbl ended H L/HTL or ELL. 48) Enbodi nent #47 in which the polyneric
anode materi al is,PE@DOT pol,y(3 subst,tuted)thi gphenes, polyaniline,

pol ypheny! enaWwhsiair e subsiyaensisprugen in he alp Qation thereof. 49)

Enbodi nents # ¥ ' : he. ' i : emtting, active-matrix

el ectrol um ne&héﬁ;{lﬁ?g&%ﬁggﬁ}u@%fls%%%%ﬁﬁe%%gg&agﬁn whi ch the device is a
passi ve- nat r i-whetein thealegioregalat poly(3Jtewbstitited thibphéd) dxla hemopolphert8 i n whi ch
the device is t Qp-,em Eti ng, %gt ive-matri x electrolum nescent device. 52)
Embodi ment s #¥bstein thepolymerjs @ homopelymer_  ype material and the contani nation

of the p- typ h[éﬁ%ﬁ ' | lc.inpurities and other inpurities does
not exceed ab(?ﬁ ,%§01%%%]Sg§éﬁ%@gr'particul arly, about 500 ppm and nore
parti cul arly - whessih theSsdlypenis 8Blockrbpalyment s #1-52 in which regio-regul ar

pol y(3-substitytedthi ophene), is used which conprises fluorine substituted
al kyl and arylwfaem&e&%xmwsam%bmkﬁ Y&k i nated al kyl and aryl

groups. 54) Enhar i.”ﬁ. ut 5 ' L/HTL layer is neutral or
undoped. ADDI @éﬁéﬁéﬁﬁn%{;w . Priority provisional application
serial no. 60hhkEintHe podymer is as alfernatimy copolviiesh are i ncorporated herein by

reference. In these clains, an enpodi nent, called herein "ABC," conprises
an el ect r ol umWhezsiR e REAVMeLds 8 SRRFOMLSAPGLYMETH L/ HTL | ayer whi ch conpri ses at

| east one pol . | 1. Q- - [.; ut edt hi ophene) in
which the 5. -SiEte fERhads & cbpfmel Ebinditlifichieids T S0\ 1\ OPREre)
het er oat om sukgherdin theQivlyrierds &ibickichpolymer comprising posthidphen®fnitshe

3-substituent. The substitution can be with oxygen or sulfur. OQher nore
particul ar enidgraiethespalyraeris amixedewitle ot least gee ofer PRJYME!- ABC: - wherein the

anerei n the soletih M OARR i e CRLR ekl BnsYBRE hlt il blpdlll 5 17+ -

substit wolypieri S in the beta position. 27 - wherein the substitution is

oxygen in the al pha position. . . .
- wherein the polymer comprises non-thiophene units.

- wherein non-thiophene units are present and the non-thiophene units comprise aryl
or functionalized aryl groups.

- wherein non-thiophene units are present and the non-thiophene units comprise
urethane or urea linkages.

- wherein non-thiophene units are present and the non-thiophene units comprise
alkylene oxide units.

- wherein non-thiophene units are present and the non-thiophene units comprise
ethylenically unsaturated units.

wherein non-thiophene units are present and the non-thiophene units comprise units
derived from a lactone or lactam.

-wherein non-thiophene units are present and the non-thiophene units comprise
siloxane units.

- wherein non-thiophene units are present and the non-thiophene units are derived
from CH,CH,R, wherein R is Cl, OH, H, CHj, alkyl, F, or Br.

- wherein non-thiophene units are present and the non-thiophene units are derived
from an ATRP macroinitiator.

- wherein the polymer is a copolymer which comprises at least two different

thiophene units in the polymer chain.
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- wherein the substitution is oxygen in the beta position. - wherein the

regi oregul ar poly(3 -substituted thiophene) is a honopolyner. - wherein the
polymer is a honmopol ymer. - wherein the polyner is a copolynmer. - wherein
the polymer is a block copolymer. - wherein the polyner is an ABA bl ock

copol yner. - wheesinithe pdlgmenis proopolysenwhisB compeikescas pesist/twer differenher ei n t he

pol ymer js an alter.nating copolyner. -,wherein the polyner is a random

copol y _cupn%pﬁlﬁgﬁ%%&gpwppb'qrgm1 ymer conpri sing non-t hi ophene

units. - mer—%ﬂéréiﬂ%d%&l?’ﬂ@f conSpridePh@fHol§ ¥iifatedBRoFHene) Witsdenvéd ireahene
Yy

units. - wherein the polyner i's mxed with at |east one ‘other polymer. -
wher ei n onkher pore/thiophese whiged Wi th at | east one other intrinsically

conductive pol.yner., - erein the pal C rises. non-t hi.ophen nits. -
wher ei n non- t'm%{) A the Rﬂ\i?lflgr %9“&%%@%5‘“2%“@%“@%@ SBpHEHE ﬁYﬁ%sﬁj‘?:‘Brrpri se
aryl  oront@pgioreRmkiiidized WiogHeAd'Btits. - Wherei n non-thi ophene units are
present and the non-thi ophené units conprise wurethane or urea |inkages. -

wher ei n non- t-hwhspgie tie polymer compriseesemreginarsgulae poly(3-sutistipitesithiophent)s conpri se
al kyl ene_oxi de units. - wherein non-thiophene units are present and the
non-t hi d’ﬁ‘ﬁ%ne units conprise ethylenically unsaturated units. wherein

non-t hi ophene vwidis ty folHh8S@RMprBénddiR gltRRphlat QQQlﬁlwﬁtuEeﬂtlﬁQﬁﬂéhé)se units
derived froma lactone or lactam -wheréin non-thiophene units are present
and t he wmits- t hi ophene units conprise siloxane units. - wherein

non-t hi ophene uyni t.s .are . present .the nonzthi ophepne units are.derived
from CH2CH2R ™ WHIEFB ¥ Be! (5B singfltiophend) Q‘\”E‘ﬁ subgtitiged 4sfhe £ Qe
non-t hi ophene yirdis ﬂ?erﬁnmaqma&erwsibééﬁogewwwla fHpCagdp «,ﬁiclﬁ'isemﬂs%mgg

froman ATRP macroinitiator. -"wherein the polymef 1I's a copol yner
conpri ses at -Ivdwsdin theoHi/HfI&rlaydr has been doped with a doping agent and the doping

agent is bromine, iodine, or chlorine, or

- wherein the doping agent is iron trichloride.

- wherein the doping agent is gold trichloride.

- wherein the doping agent is arsenic pentafluoride.

- wherein the doping agent is a protic acid.

- wherein the doping agent is a nitrosonium salt.

- wherein the nitrosonium salt is NOPFg or NOBF; .

- wherein the doping agent is an organic oxidant.

- wherein the HIL/HTL layer comprises HIL/HTL material which has been blended
with an EL material and applied as a transition layer between an unblended ELL and an
unblended HIL/HTL or anode.

- wherein the device comprises an EL material and the EL material is either a small
molecule or polymer electroluminescent material.

- wherein the device comprises an HIL/HTL material which has been fully blended
with an EL material and applied in direct contact with an unblended HIL/HTL or anode.

- wherein the EL is either a small molecule or polymer electroluminescent material.

- wherein the device comprises HIL/HTL material which has been blended and
applied as a transition layer between an unblended ELL and an unblended HIL/HTL or

anode.
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t hi ophene units in the polyner chain. 28 - wherein the polyner is a

copol ynmer which conprises at |least two different functionalized thiophene
units in the polymer chain. - wherein the polynmer conprises

non- pol y( 3-subst i t.ut edt hi ophene) units derived from qne or nore thiophene

units. - wherdVhereindhsdavicesompsispy HEJE Thonetsaalywhich s REDOW: @ipreisophene)
BOCI . . . ol .
the pol ialcrabie FOuPENED, KPR PP S theedrt, SRAPROIGIIC S oty £10,

- wher eimatédigds.pol ymer conpri ses non-regi o-regul ar

pol y(3-substitutedt hi ophene units. - rein. the )

pol y( 3- subst i-t‘ﬂ%%ﬁpﬁ?%%v mpglsmrxﬁ%@/ﬁgﬁﬁg@tﬁlﬁt‘&‘ac%hawrsnblegégd witha. -
wherein Ldnidh @é{fap ﬁ'&ﬁs‘i'u ' | | ;S an

oxi dant .pto%%er el %nltahe F{?@#@gﬁ%/%r asaﬂbfgg%%gg‘géeg(?%\i\n%@hﬁélﬁgeggent and

t he dopiangde agkan witderided HIDAHTL olEDE. or chlorine, or - wherein the doping
agent is iron trichloride. - wherein the do&i]ngq taﬁgent s gold trichloride.
&30S

- wherein t he WseiAdhepplmeric angds dnPEDRd s paly aited )thirphenss, pol¥(3dopi ng

agent i | | : ej ' -Hb,& ifgosoni um sal t,
wher ei nsstuﬁsetﬁ{l\tlg{lrogﬁﬂ#%ﬂlgﬂgﬁésfg&@lﬁ—%gﬁrmywh erng’iéyl#(&'e dopi ng agent is
an or garghbstnuﬁeap?ﬁolewmrﬂyaceﬂy&nul L/ HTL | ayer conprises H L/ HTL nateri al
whi ch has been blended, with an, EL material and applied as a transition

| ayer bet weerr veiereinpiedryies qomprisesdHHH T materialophueh hasbeen Sullybleuded withvher ei n
t he devigc ' ' ' ' | |

ol ccal & IR MRS gfler siThfHlleR o Btk halde ARAEY Mt bbb RO AT
conprisegBUL.H L/ HTL material which has been fully blended wth an EL
material and applied in direct contact, with an unbl ended HI L/HTL or anode. -
wher ei n t he EWheseinithewdgvice is adpommitiingeaciiveeatyinslecupluminescentidaase ent

material. | - ek ghihd didRY b phsF AR FecHbhintTbscBR! hig! vhi ch has been

- wherein the device is a top-emitting, active-matrix electroluminescent.

- wherein the contamination of the polymer with metallic impurities and other
impurities does not exceed about 1,000 ppm.

- wherein the contamination of the polymer with metallic impurities and other
impurities does not exceed about 500 ppm.

Another embodiment is the use of a regio-regular poly(3-substitutedthiophene) in
which the 3-substituent is an alkyl, aryl, or alkyl/aryl moiety with an oxygen or sulfur
substitution in a-position of the 3-substituent as a HIL/HTL in an electroluminescent device.

Another embodiment is the use of a regio-regular poly(3-substitutedthiophene) in
which the 3-substituent is an alkyl, aryl, or alkyl/aryl moiety with an 6xygen or sulfur
substitution in the B-position of the 3-substituent as a HIL/HTL in an electroluminescent
device.

Another émbodiment is the use of a regio-regular poly(3-substitutedthiophene) in
which the 3-substituent is an alkyl, aryl, or alkyl/aryl moiety with a hetero atom in either the
- or beta position of the 3-substituent as a HIL/HTL in an electroluminescent device.

Another embodiment is an electroluminescent device comprising an ELL material and
an HIL/HTL material, wherein the HIL/HTL material comprises at least one polymer
comprising a regio-regular poly(3-substitutedthiophene) in which the 3-substituent is an
alkyl, aryl, or alkyl/aryl moiety with a heteroatom substitution in either the a- or beta-
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applied as a transition |ayer between an unbl ended ELL and an unbl ended
H L/ HTL or anode. 29 - wherein the device conprises H L/HTL material which
i s PEDOT, cuprous pthal ocyanine (CuPc), NPD, NPB, PVK, TPD or other organic

smal | nol ecul e or polymer materials. - wherein the device conprises an
HI L/ HTL positien ofithe\dhsublstituant, whengingthe FIBA Th mategial bendsrwith the Zhddeyeraildei al and

applied,as,.a transition |l ayer. be unbl ended pol viner i node and an
bl enadandine FAE e b poetent BYRng T THE Bl BT Ber e bfenl Faundonedy

pol y(3-substituted)t iophenes, poly(3- substituted)thienylene vinylenes,
pol yani | i ne, ?olyphenylenevinylene, pol y(n- substituted)pyrroles, or

pol yacetSTIABIEITY wherein the device conprises H L/HTL material which has
been fully blended with a | yneri ¢ anode ri.al .and.applied to conduct
charge di _rec_t‘Ar"S/ V5m§_ﬁe iBWd&ﬁg’&ge“Hmelmgpv ﬁe_iablﬁéyv}ﬂ‘re\}’@‘ﬂ"g “E“H@Vaévi ceis a
bot t oM gRérinki §abilifS StaEitifPdah!bé nila8ired _B&,Lfé} B%Qﬁél}qhﬂﬁg@s &% \a}\ﬁrdrpei‘tg @fgien the
device is a passive-matri'x el ectrol um nescent ‘device. - erel h the device
i s a topolymerisichys cantlctivitystr spectral ahsorption i fibs femt. . Spectrhleabsonptiom ean be

tam ti th I | talli ' it d ot o it
o A ek B o D e T B B B oA etmE b P s
with m%ﬂh&dxﬁeﬂt%ﬁrb\rﬁ% in%ﬁggﬁ%tbﬁwerls&esé{ ionb&iStedP S@LIKY béraeRE thralight 500

ppm Another enbodinment e use of a regro-regqgular

pol y( 3- sineticimodeling.hOop hsefal) testcomptisastheatimg Bsanhle at t 102G tfor K0 minudsky| , aryl ,
or alkyl/[aryl ,nmoiety with an oxygen_.or sulfur substitution in a-position of
Che” 3 2 ikandes f fhe Bhysigel properel Canepentor srBEPE G0 ESe 0% S0 est o Al arer
enbodi ' O+ ; [ | e) in
whi oh ¢ R, CBrpARAIBE tehainR WP pfihy Oy Ao e OB e BbAERD)
oxygen @0% ok atieast80%stitution in the a-position of the 3-substituent as a

H L/HTL in an el ectrol um nescent device. Another enbodinent is the use of a
regi o-regul ar pol y(3-substitutedthiophene) in which the 3-substituent is an

al kyl, kamq kﬁxkg | nmoiety with a hetero atomin either the a- or
bet a pogvivtlon 0 Elt e ?%%bstituent as a HL/HTL in an el ectrol um nescent
devi ce. Also provided are the following non-limiting working examples:
EXAMPLE 1
Doping of poly(3-(1,4,7-trioxaoctyl))thiophene) (ICP) with 2,3-dichloro-5,6-dicyano-

1,4-benzoquinone.

ICP was weighed out into a 50 ml volumetric flask and chloroform was pipetted into
the flask until full. This solution was made such that the absorbance = 1 at A max. 2,3-
dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) was weighed out into a vial and 5 mi
chloroform was pipetted via a 1 ml micropipette into the vial. DDQ/CHC]; solution was
pipetted in 20 pl aliquots (0.05 eq relative to repeat unit of ICP) into 3 ml ICP/CHCI; solution
in a quartz (1 cm) cuvette. A UV-Vis-NIR spectrum (250-2300 nm) was obtained after each
addition of dopant solution. Data were collected until 0.5 mole equivalents of dopant per
repeat unit was reached. UV spectral data are provided in Figure 13.

Data acquisition was performed on a Cary model 5000 UV-Vis-NIR spectrometer
with a scan range of 180 to 2300 nm with a scan rate of 2000 nm/min operated in double-
beam mode. A baseline correction scan was obtained for each run or change of solvent

system.

EXAMPLE 2
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Anot her enbodi nent is an el ectrol um nescent device conprising an ELL
material and an H L/HTL material, wherein the H L/HTL material conprises at
| east one polymer conprising a regio-regular poly(3-substitutedthi ophene)

in which,the i S al kyl I . al kyl {aryl iety with a
ot o oa R AN A - Hioxaseth i Brehie) ABPY sk oy {Ranhifpibe GRufinte

3- subst ighi4 gyein the HIL/HTL material bonds with the ELL |ayer. The
bondi ng can be a coval ent bonding. The HI L/HTL | ayer can be neutral or

undoped.  STAEP wa§ welghedbnt ittta g S0 mlowlweetrit: 8agk and ehidrafbem waqpipamd istoabi ity

o) ¢ Bk AERgRE Foll. T sSBiioR yregmade Such bR e pbsorimee S T ot LD Sa,
spectr a'wﬁ@&@%l%ﬁ'o%ldt@afviah Bhd § ﬁﬁ%ﬁﬁ Has PlprREP VIO £ Iﬁ%l&?gllpgﬁgtﬁﬁ%ﬁﬁ o

one, re spectral wave engt . High’stress, sho
experi nwmlsDNNﬁ)S#clﬁiHCdgsoln’mrgvms plpehnedl in26 ml sliquets(0. § equpdativedo repsatainitiaft y

behavi or. rou i fuI e es heatl a
sanpl e a{d’g Ngékmgﬁ{’ﬁg “'tg%"?ﬁ@gl f’“‘éettﬁhéglf@o\?p be, for
exanpl e

benchmae PR “s?SEW?P;‘@#&@“.&%%?gﬁéoﬂa%*y/gﬁ?ﬁﬁde%? ‘f%‘%%ﬁéﬁé’% 129 20%
or at | excle equivalenOBRKddfEnEPRvEhdaBudit was reachedd dfV apectinhdaté atel prowided in
non-1imting Zvorki ng exanpl es: EXAMPLE 1 Dopi ng of

pol y(3- € 1%31 trioxaoctyl))thiophene) (ICP) with 2, 3-dichloro-5, 6-dicyano-
1, 4- benzoqui none. | CP was wei ghed out into a 50 m volunetric flask and

chI oroformwas pipetted into the flask until full. This solution was nade
such th mmm dndreared thetmal stdbilitpof palyg3-(1,4,7-trioxaoctyl))thiophene) (ICP)

di chl oro- 5, 6- di cyano- 1, 4- benzoqui none (DDQ was wei ghed out into a vial and
5n CHIPB?QJformwas pi petted viaalmnm mcropipette into the vial.

DDQ’CHC iquots (0.05 eq relative to
r epeat unltﬁ L?QP%ES&Q?&% Bﬁﬂe%&n&g@%ﬂ (?ltltl on in aquartz (1 cm
cuvette. A UW Klns oNICP dppedtwittn DD ®.2536x) wug)casvtlef&nmb)bhlomfdrmfscbleﬁom@cm

addi tion of dop nt solutjon. Data were collected unt 0.5 nol e equival ents
of dopamg/pé) 5‘ Jt@rdwuasegarseméﬁamw hsse of thgso S’E‘taAasrPé"tﬁ%Waﬁled in

Fi gure ?af?ﬁ(j; ¢ dUES =TV I s-N R
spectr o%elelﬁ)@uw t %ué@gégﬁgangeﬁgf%gﬁ?% @{3‘6@0 nm Wgﬂiﬁﬁ ng%ﬁ%rn% ¢ EL')f 2000
nn m n epdéral Mdogen aitiobpiere blanket and a spectra was obtained. The iodine control was

based on an iodine vapor exposed neutral film which was cast from a 3.0 mg/mL solution of

chloroform.
This iodine film was exposed to the same annealing conditions as described for the DDQ
doped sample. UV spectral data are provided in Figure 15. The thermal stability was better

compared to a similar polythiophene with hexyl side group and no heteroatomic substitution.
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beam node. A baseline correction scan was obtained for each run or change of
sol vent system EXAMPLE 2 31 Dopi ng of

pol y(3-(1, 4, i i ophene) (1CP) with

di nonyl napht@éﬁggﬁgﬁﬁ%%i&g acid (DNNDSA). | CP was weighed out into a 50
m volunetric flask and chloroformwas pipetted into the flask until full.
This solution was nmade such that the absorbance = 1 at A max. DNNDSA was
wei ghed out 1nto Anglegirobyminescent dewice comprisingas HALAELL: layes,which 1

m cropi pette, | [ 7.8 £ ] )i petted in 20 pl
ali quots (0. r?sre%?@??%é’ﬁ% 8019@%9:@4‘%%5%?&%]@)%?%@@ m | CP/ CHCL3
sol ution in subgtitatddibi¢pheds) inorhich the.3-sibsfitusdhitss M Bkglpesi ratriky?asd 2300 nm

was obtai ned after each addition of dopant solution. Data were coll ected
until 50 noMmeietywitha hstpreatem sybsituionjacitherdbee- erheta-pesitionsefthed: uv

spectral dat . I I } - . t her mal
stability of glp])ao l@f’g{ %k%ﬁyh%ﬁ%’i%%%!@#?ﬁ#éﬁ%‘%m @?ﬁlﬁggg%é w th DDQ as
conpar ed to waithieatlogidag; aid whereinlthPdoping adeit i3fanldBariopgidanti t h DDQ (0. 25
eq) was cast froma chloroformsolution (3.0 ng/nL) and allowed to dry
under a saturated atnosphere of the solvent. A spectrumwas taken right
after casting. Th i i . . . C for 10

m nut es undg'r a 2?%?%@%%03{)@0@5?% Cﬁg&%&@gﬁ%ﬁ%ﬂg@%@@?&%& obt ai ned. The
i odi ne control was based on an iodine vapor exposed neutral film which was
cast froma 3.0 n_;lq‘/lnt solution of chloroform This iodine filmwas exposed
to the sane 3annealhhdevdesarcordingtoplainds syhersinithespbgtietiqnoein theplthasanpl e. LV
spectr al datgos?tricﬁl provided in Figure 15. The thernmal stability was better
conpared to sim'lar pol yt hi ophene with hexyl side group and no

het eroatom ¢ substitution. 32 WHAT IS CLAIMED I'S: 1. An el ectrol um nescent
device conprising _an H L/HTL | ayer which_ conprises at |east one polyner
conpri si ng a4r egi She epicegccpisting to-claimbls whersin thetpobpresriey hpmopplyasr.t he
3-substituent is an alkyl, aryl, or alkyl/aryl nmoiety with a heteroatom
substitution in either the a- or beta-position of the 3-

5. The device according to claim 1, wherein the polymer is a copolymer.
6. The device according to claim 1, wherein the polymer is a block
copolymer.

7. The device according to claim 1, wherein the polymer is a random
copolymer.

8. The device according to claim 1, wherein the polymer is a copolymer

which comprises at least two different thiophene units in the polymer chain.
9. The device according to claim 1, wherein the polymer is a copolymer
which comprises at least two different functionalized thiophene units in the

polymer chain.

10.  The device according to claim 1, wherein the polymer comprises non-

regio-regular poly(3-substitutedthiophene) units.
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substituent, wherein the H L/HTL | ayer has been doped with a dopi ng agent
whi ch is an oxidant; and wherein the doping agent is an organi c oxidant. 2.

The device ag¢gording, to claiml, erein,the titutign.i.s.oxygen. 3. The
dovi ce. accor H-ng M el RerieBbidingao Ayt Aot YART b haE e RMEFED:
position. 4. The device according to claim1l1l, wherein the polynmer is a
homopol yner. 5. The device according to claim1, wherein the polyner is a
copol ymer. 612.Thelhgadevice ageardingitglaim 1 whergimthe Jayer isi phale gappoitdeyeri s a

bl ock copolymer. 7. The device according to claim1l, wherein the polymer is
a random copolyner. 8. The device according to claim1, wherein the polyner

is a copol ymgs, WRhelevi@ @bl @icldiMals wherdin thefrh@algioimpldigndene units in
the polyner chain. 9. The device according to claim1, wherein the pol ymer
i s a copol ynbelomghpets09qnppn.iagd svhgrein thg Sesubsiituentfis an alkyl grave withral i zed

t hi ophene units in tt)hg . pol ynern_.chai 0 10. The device according to claim1,
wherein the 8’8(%7?(3? S(El '8 eﬂ[’)lﬁqp(}séﬁ)lno-regul ar

pol y( 3-substitut edt hi ophene) units. 33 11. The device according to claiml1,
wherein the |layer is a hole injection layer. 12. The device according to
claim1, wheléi n Thed¢vigeaccprling tecilaimt I, avhsysin theingtallic imparitytenel tevi ce

according to,¢l ai , erein,the netallic i rit vel is.,below about
500 ppm _andUGRBAEPHY 1Pt and sPEreE e arubsSEts i ghSlow FndR oxygen
subst it uti onokypehREbstinRiva iRAR dlpRposttbn. The device according to claim 1,
wherein the netallic inpurity level is below about 150 ppm and wherein the

3-substituent is an alkyl group with an oxygen substitution in the al pha
position. 15 ._.An el ectrol un nescent. device .co i S| n HL/HTL | ayer which
Conpri 905 at 1 easAnGHE D BIHERCD JiRgieF SPmgTsiog abFILIEEE T BBieh, 5.
subst i t ut edt b RPIREEY lehd! WO bR mieh BomdpasiRsh tdgieRigulad paly(R! kyl, aryl, or
al kyl/aryl noiety with a heteroatom substitution in either the a- or
bet a- posi t i osubsfitutddéhigphenabintwhickethe,3-substitaent is aealdyk atdtartalkgivaryils an al ky!
group w th aglo?e)%y With 2 heteroatom substitution in either the a- or beta-position of the 3-

substituent, wherein the 3-substituent is an alkyl group with an oxygen

substitution in the alpha position, and the polymer is a homopolymer.

16.  An electroluminescent device comprising an HIL/HTL layer which
comprises at least one polymer comprising a regio-regular poly(3-
substitutedthiophene) in which the 3-substituent is an alkyl, aryl, or alkyl/aryl
moiety with a heteroatom substitution in either the a- or beta-position of the 3-
substituent, wherein the 3-substituent is an alkyl group with an oxygen

substitution in the alpha position, and the polymer is a random copolymer.

17.  Anelectroluminescent device comprising an HIL/HTL layer which
comprises at least one polymer comprising a regio-regular poly(3-
substitutedthiophene), wherein the 3-substituent is an alkyl group with an oxygen
substitution in the alpha position and the polymer is doped with an organic

oxidant.

18.  Anelectroluminescent device comprising an HIL/HTL layer which

comprises at least one polymer comprising a regio-regular poly(3-
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substitution in the al pha position, and the polyner is a honopolyner. 16. An
el ectrol um nescent device conprising an H L/HTL | ayer which conprises at

| east one pol yner nising.a regiqg-r ar. .pal y{ 37 subst.j.t ut edt hi ophene)
o on therSTisBRTReRD” Polel e 3 Bl 030 YT eRHR SN A Goke, 0 T
het er oat om sgipstitutioh irdte klphipb$ifon hitbthe poRined & dope@wWith M breanit he 3-
substituent, wherein the 3-substituent is an alkégfgroup wWth an oxygen

1

subst i t ut i ono¥igant geffigients tgprovidestabilithiat 1 KO olor §hmrinutes as shanwadmlUdopol yrer .
17. An el ecty0l45g nescent device conprising an H L/HTL | ayer which

conpri ses atvfsélgg{ a%aipés%pol ymer conprising a regio-regular poly(3-

substi t ut edt hi ophene), wherein the 3-substituent is an al kyl group with an
oxygen substitution in the al pha position and the polymer is doped with an
organic oxidant, 18. An el ectrolum nescent device conprising an HI L/ HTL

| ayer which conprises at | east one polyner conprising a regio-regular

pol y(3 34 substitutedthi ophene), wherein the 3- substituent is an al kyl
group with an oxygen substitution in the alpha position and the polyner is
doped with an organic oxidant sufficiently to provide stability at 11000
for 10 mnutes as shown in U/- Vis-NIR analysis. 35
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