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transmitting electrical contact layer upon application of a voltage across

20 the electrical contact layers.

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

Devices which use photoactive materials, frequently include one or

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

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

There is a continuing need for charge transport materials and anti-
quenching materials.

SUMMARY OF THE INVENTION

The present invention is directed to a charge transport composition

35 comprising a phenanthroline derivative having Formula I, shown in Figure
1, wherein:
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In another embodiment, the present invention is directed to an
electronic device having at least one active layer comprising a material

25  selected from Formulae I, li(a), and ll(b), shown in Figures 1 and 2,
respectively, wherein R1 through R3, Q, a through d, m, n, p, X, and y are
as defined above, with the proviso that in Formula | there is at least one
substituent on an aromatic group selected from F, CyHgFp, OCH5Fp,
CgHcFg, and OCgHgFy.

30 As used herein, the term “charge transport composition” is intended
to mean material that can receive a charge from an electrode and
facilitates movement through the thickness of the material with relatively
high efficiency and small loss of charge. Hole transport compositions are
capable of receiving a positive charge from an anode and transporting it.

35 Electron transport compositions are capable of receiving a negative
charge from a cathode and transporting it. The term “anti-quenching
composition” is intended to mean a material which prevents, retards, or
diminishes both the transfer of energy and the transfer of an electron to or
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mean a group derived from a hydrocarbon having one or more carbon-

carbon triple bonds and having one point of attachment, which group may

be unsubstituted or substituted. The term “alkenylene” is intended to mean

a group derived from a hydrocarbon having one or more carbon-carbon

30  double bonds and having two or more points of attachment, which group
may be unsubstituted or substituted. The term “alkynylene” is intended to
mean a group derived from a hydrocarbon having one or more carbon-
carbon triple bonds and having two or more points of attachment, which
group may be unsubstituted or substituted. The terms “heteroalkenyl”,

35 ‘“heteroalkenylene”, “heteroalkynyl” and ‘heteroalkyniene” are intended to
mean analogous groups having one or more heteroatoms.. The terms
“heteroalkenyl”, “heteroalkenylene”, “heteroalkynyl” and “heteroalkynlene”
are intended to mean analogous groups having one or more heteroatom:s,
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25 immediately next to another layer. On the other hand, the phrase
“adjacent R groups,” is used to refer to R groups that are next to each
other in a chemical formula (i.e., R groups that are on atoms joined by a
bond). The term “compound” is intended to mean an electrically
uncharged substance made up of molecules that further consist of atoms,
30  wherein the atoms cannot be separated by physical means. The term
“ligand” is intended to mean a molecule, ion, or atom that is attached to
the coordination sphere of a metallic ion. The term “complex”, when used
as a noun, is intended to mean a compound having at least one metallic
ion and at least one ligand. In addition, the [IUPAC numbering system is
35 used throughout, where the groups from the Periodic Table are numbered
from left to ritght as 1 through 18 (CRC Handbook of Chemistry and
Physics, 81" Edition, 2000).
Unless otherwise defined, all technical and scientific terms used
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Figure 5 shows Formulae 1V(a) through IV(e) for
electroluminescent iridium complexes.

25 Figure 6 is a schematic diagram of a light-emitting diode (LED).

Figure 7 shows formulae for known electron transport compositions.

Figure 8 is a schematic diagram of a testing device for an LED.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The phenanthroline derivative compounds represented by Formula

30 |, shown in Figure 1, have particular utility as electron transport
compositions and as anti-quenching agents, abbreviated as ET/AQ.

In one embodiment, R1 is selected from phenyl, biphenyl, pyridyl,
and bipyridyl, which may further be substituted. Examples of substituents
include, but are not limited to, alkyl, heteroalkyl, aryl, heteroaryl,

35 arylalkylene, heteroarylalkylene, F, CnHaFp, OChHgFp, CgHGF g, and
OCgHcF(, where a through d and n are as defined above.

In one embodiment, at least one R1 is selected from phenyl and

biphenyl, and further substituted with a group selected from F, CHgF,

5
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al kynyl ene i ] - .81 ngl e,

mul tiple-ri %g%msﬁﬁ(gjggq‘ ?!‘ﬁgqﬁ%@%mg%gﬁ”%t@?é%é?@ﬁg@ﬁﬁY""‘Qré;| am nes,

such as tri dplingAraug to fonm semparads hpvinarsmule(a)iasrarmetaiities of 30

sui tabl 201 i BkbRe iBMFgRS 2. Oh tRése BrvRfkd, @ B BES ingfe BSHASY ae 111(a)
t hr ough 11%@%. Ign fll ri nmul a 11%%%, %ny rof Fehe ,c%ar for;(s rﬁag%le e_linked to a
charge trafyBYaleRbinking ofqype OdWPrarmere RRIPtsef atlachaienis Je can be
l'i nked to amutiealget linkimg group can leé . hyidededrbah @rdus with twd deenéred Sn can
glnfjo gg nuz ?gingg %ggtt?ﬁig@@gk%\rpg@nc@é"a%hsa(%icboer arbmate rha mElRvhiLn Where RL
linking group can be a heteroalkyl or heteroaromatic group, where the
25 heteroatoms can be, for example, N, O, S, or Si. Examples of multivalent
groups, Q, include, but are not limited to, alkylene, alkenylene, and
alkynylene groups, and analogous compounds with heteroatoms; single,
multiple-ring, and fused-ring aromatics and heteroaromatics; arylamines,
such as triarylamines; silanes and siloxanes. Additional examples of
30  suitable linking groups, Q, are given in Figure 4 as Formulae llI(a) through
[H(h). In Formula lli(f), any of the carbons may be linked to a charge
transport moiety. In Formula lli(h), any of the Si atoms can be linked to a
charge transport moiety. Heteroatoms such as Ge and Sn can also be
used. The linking group can also be -[SiMeR1-SiMeR1],-, where R and
35 nare as defined above.
In general, m is an integer equal to at least 2. The exact number
depends on the number of available linking positions on Q and on the
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embodi nent qigf"e bs ﬁ'("cll:éaa%’i %tWhQI@r&tthghﬁ andimaiecas gr oup

sel ect ed frdmﬁﬁed@bblagb OCnHaFb, C6HcFd, and OC6HcFd. The conpositions
represent ed by F e prepared using
standard synt hetl? gﬁ?ﬁ%@ﬂﬂ?q@e@?%eé]f&é%ﬁﬁh %@ﬁ%’«‘;?he pr esent
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the charge t,mgaggrélgﬂom%?élkﬂ E'E}mh%ia&t %In%gpélba@n ositioned between a

phot oacti ve ‘e structure i s shown
in Figure 6! eﬁﬂi@aﬂ’@}kﬂ@n%dﬁ Graldalap. QC Opdetry, 800 Q@gHaFgat hode | ayer

160. Adj acewhet® atthroughasiand # aﬂ*e'a@@éﬁne@é’ocﬁié”p“ sing hol'e transport
material . Ad] aceq t tot cat %m 140 conprising an el ectron
transport and/ or 'hﬂ'?? a{b@ﬁi@ﬂ?ﬂfg {seﬁql%qted f@m ABEkviene awup havingport | ayer
and t he2@l efronoh throagh20rdarbodaeoment i - quenching | ayer is the photoactive
| ayer 130. As an | ' 35 .ir ue tl e..anot her el ectron
transport |ayer hrggﬁé bto(afrﬁé'ﬁﬁgj%rgt'ﬁgg ond stbstitiient on an aromatic

group selected from F, ChHgFp, OCnHan, CeHcFg, and OCgHGFg.

The compositions represented by Formula ll(a) and Formula [I(b)
can be prepared using standard synthetic organic techniques
25  Electronic Device

The present invention also relates to an electronic device
comprising at least one of the charge transport compositions of the
invention positioned between a photoactive layer and one electrode. A
typical device structure is shown in Figure 6. The device 100 has an

30 anode layer 110 and a cathode layer 160. Adjacent to the anode is a layer
120 comprising hole transport material. Adjacent to the cathode is a layer
140 comprising an electron transport and/or anti-quenching material.
Between the hole transport layer and the electron transport and/or anti-
quenching layer is the photoactive layer 130. As an option, devices

35 frequently use another electron transport layer 150, next to the cathode.

Layers 120, 130, 140, and 150 are individually and collectively referred to
as the active layers.
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light to be observed.

Examples of hole transport materials which may be used for layer

120 have been summarized, for example, in Kirk-Othmer Encyclopedia of

Chemical Technology, Fourth Edition, Vol. 18, p. 837-860, 1996, by Y.

30 Wang. Both hole transporting molecules and polymers can be used.
Commonly used hole transporting molecules are: N,N'-diphenyl-N,N'-bis(3-
methylphenyl)-[1,1"-biphenyl]-4,4'-diamine (TPD), 1,1 -bis[(di-4-tolylamino)
phenyl]cyclohexane (TAPC), N,N'-bis(4-methylphenyl)-N,N'-bis(4-
ethylphenyl)-[1,1'-(3,3'-dimethyl)biphenyl}-4,4'-diamine (ETPD), tetrakis-(3-

35  methylphenyl)-N,N,N',N'-2,5-phenylenediamine (PDA), a-phenyl-4-N,N-
diphenylaminostyrene (TPS), p-(diethylamino)benzaldehyde ‘
diphenylhydrazone (DEH), triphenylamine (TPA), bis[4-(N,N-
diethylamino)-2-methylphenyl](4-methylphenyl)methane (MPMP),



di phenyl am nostyrene (TPS), p-(diethylam no)benzal dehyde di phenyl hydrazone
(DEH), triphenylam ne (TPA), bis[4-(N, N
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suitable iri mcorrp exes are given in

t hrough 1 \( /% @QQL%P%?H%%{]IE&Q‘?%‘I’@N%QP{N @QMW%W&B af’aﬁﬁt'éiﬁso be used.
These eb@ct nayarsf peyaay cgmﬁio@( 4 o@éubﬂhuﬁ@l@ublwmmesaésapped into

{ t
Cnventi on, | gm0 St;ae%dsaqrﬁbeoﬁ%éurrovvﬁ e ThBRBEER GhpLplstead?ET and! or
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el ectron transpor
phosphorescent platinum complex have been described by Thompson et

25 al., in U.S. Patent 6,303,238, Bradley et al., in Synth. Met. (2001), 116 (1-
3), 379-383, and Campbell et al., in Phys. Rev. B, Vol. 65 085210.
Examples of a few suitable iridium complexes are given in Figure 5, as
Formulae 1V(a) through IV(e). Analogous tetradentate platinum
complexes can also be used. These electroluminescent complexes can

30 be used alone, or doped into charge-carrying hosts, as noted above. The
compositions of the present invention, in addition to being useful in the
electron transport and/or anti-quenching layer 140, may also act as a
charge carrying host for the emissive dopant in the photoactive layer 130.

Examples of additional electron transport materials which can be

35 used in layer 150 include metal chelated oxinoid compounds, such as
tris(8-hydroxyquinolato)aluminum (Alg3); and azole compounds such as
2-(4-biphenylyl)-5-(4-t-butylphenyl)-1,3,4-oxadiazole (PBD) and 3-(4-



35 used in layer 150 include netal chel ated oxi noid conpounds, such as
tris(8-hydroxyqui nol ato)al um num (Al g3); and azol e conpounds such as
2- (4- bi phwoybed/0s%38( 4-t - but yl phenyl ) - 1, 3, 4- oxadi azol e ( PBDjuSsaond/o3tsiel 9 WO

2004/ 005288 HRYREQ4-t-butylphenyl)-1,2,4-triazole (TAZ), and mixt
ot pheny! y1) I AT gt SHERSTY ] 2 I T2 APAATUSS  ures

t her eof .~ Thdhergo de 160 IS an eI ectrode that IS partlcul arIy ef ficient

for injecting elmmhéd@mme@aém é@scﬁbdématqarpanﬁmarlyT@mCmtfmde can be
any 5 netal .ar non on, t han ”Ee anode.

(]
T eri s ol SBRonarcbiafive Siste! Hrteisnfiis Panbdpdele 4V & oup 1
(e.g., Lb, @s¢tal ot heni@etalha®incph kavemeorkduntijiomitaml the anoeleGMalpriald net al s,

| o udi g e oAt a5 b Hetiglis g Ll AAOLES: oRRp | 8 gag aides.

Materials su

nmagnesi um atbe \ﬁerpuws(ailcal@@rﬁﬂrﬂﬁtm@tab,, ﬂtfaﬁr@do ﬁgéﬂetaLs incuding heng

organonet al lphfs éé‘r@iﬁ’%!é?ﬁéntsldrlﬁ Ianﬁ%ﬁndészgn%ﬁe%ﬁﬁid% W@ﬁél‘é%@cﬁ%""een the
organi c layer anpd the catho e yer to | ower g erating vo h g
known to haAUBIWER, indiAsn, sCEI HUSY §§HPE‘ éP@@F‘PHﬁPB &'éﬁ%"l?é&’mi:%srwe B2npl e

there cd0 bQ:omBIﬁa‘Mns(,@Qh !fdwasmfd bﬁémﬂﬁ@ﬁlr@”@gaﬁcd%tém@camiboihﬁdﬂd_lle

Gap ot chi nforLizagahegied Be'deiptisfed BRbd el e S8R pRRTROL s ahSae yc <
t hat are kndayerita lower thetopamatibg volage. | n addition, any of the above-

described |ayers P%WWR%\R% ofh\él?l réTP\ré’r %ﬁﬁél?%&%‘%@%ﬁ%v@o\f Some - or

all of anode Iayer e tra ort a ectron 20

transport | &remp Mbegﬁ]earim a E’ﬂﬁ/&r@?ﬁ awn) ke eqrsthe argderd1Qandace
treat ed150 iHv& ﬁéﬁ§p@ﬂwéyy? 1<2@ftb|f§éllltfa't@|3§§ﬂ¢7é cﬁéffgecﬂr@rﬁbfpbrt dhoebghde of

s f db
bal anci ng t fEPgREITg OhsRRERG Oh PSS gk B PiRTaMadoYere TEHPIL! ancy wi t h
devi ce operahatmal krawrein tine. arR 6anh beiusedn die st diod, ahymf&m:hbd)\lmct i onal | ayer
may be made ﬁf)e ﬁrs%gﬁrbg%gdé%Y%o o-[rpr?q g‘?é{y(/ rl?ﬁl\)%!f% d by a

variety of tec ﬁ B eposi ' ng
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device operational lifetime.
25 It is understood that each functional layer may be made up of more
than one layer.

The device can be prepared by a variety of techniques, including
sequentially vapor depositing the individual layers on a suitable substrate.
Substrates such as glass and polymeric films can be used. Conventional

30 vapor deposition techniques can be used, such as thermal evaporation,
chemical vapor deposition, and the like. Alternatively, the organic layers
can be coated from solutions or dispersions in suitable solvents, using any
conventional coating technique, including but not limited to spin-coating,
dip-coating, and roll-to-roll techniques. In general, the different layers will

35  have the following range of thicknesses: anode 110, 500-5000A,
preferably 1000-2000A; hole transport layer 120, 50-2000A, preferably
200-1000A; photoactive layer 130, 10-2000 A, preferably 100-1000A;
electron transport layer 140 and 150, 50-2000A, preferably 100-1000A;
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Corpany. M TaT8: Baf ot ot AHranuRGRS i pi iR Bl bniess sifetuen g

0. 416 nmol , ikdidatedh Chem cal Conpany), and sodi um carbonate (882 ng, 8 32

mmol) were allowed to reflux in V\% N, Isgggt,?étol uene (50 30 nmL) for 15 h

under nitrogen. Then the organic Fayer was separated, and the aqueous
| ayer extracted vihasemxanmesillustratshiherpreparationtaf pheganthiolineayer s wer e
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Purification was acco by SI |c,a %e r omat ogr aphy

This example illustrates the preparation of Compound I(c) in Figure

A mixture of 2,9-diiodo-1,10-phenanthroline (900 mg, 2.08 mmol,
25 prepared according to: Toyota et al. Tetrahedron Letters 1998, 39, 2697-
2700), 3-trifluoromethylbenzeneboronic acid (989 mg, 5.20 mmol, Aldrich
Chemical Company, Milwaukee, WI), tetrakistriphenylphosphine palladium
(481 mg, 0.416 mmol, Aldrich Chemical Company), and sodium carbonate
(882 mg, 8.32 mmol) were allowed to reflux in water (20mL)/toluene (50
30 mL)for 15 h under nitrogen. Then the organic layer was separated, and
the aqueous layer extracted with 3 x 25 mL of chloroform. The organic
layers were combined, dried with sodium sulfate, and evaporated to
dryness. Purification was accomplished by silica gel flash chromatography
with hexanes/dichloromethane (1:1, v:v) as the eluent (product R; = 0.25),
35 to afford the desired product, >95% pure by 'H NMR, as a pale yellow
solid (560 mg, 57%). "H NMR (CDCls, 300 MHz, 296 K): & 8.81 (s, 2H),
8.63 (d, 2H, J = 7.5 Hz), 8.36 (d, 2H, J = 8.4 Hz), 8.19 (d, 2H, J = 8.41 Hz),
7.84 (s, 2H), 7.68-7.77 (m, 6H) ppm. °F NMR (CDCl;, 282 MHz, 296 K) §
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wi t h hexanes/di chl oromethane (1:1, v:v) as the eluent (product Rf = 0.25),
35 to afford the desired product, >95% pure by 1H NMR, as a pale yellow
solid (5680m04/®F2. 1H NVR ( CDCl 3, 300 MHz, 296 K): S &C&"n[ls(zm)ﬁ/ozm)w 8.63
(d, 2H, J—6725?§}“7836(d 2H, J 84Hz)819(d 2H, J 8.41 Hz),

7.84 (s, 2H) 77 (m (CDOI 3, 282 Mz, 296 K) b 11
VD 2004/ 005288 P@Pmmmll(@)ﬂmb I{)h)@ydéﬁ)wﬁ@n@ﬁﬂawnaénlq%jogqt{sg) | (h)

and | (i) weppdsadee.usi ng an anal ogous procedure. EXAMPLE 2 5 This exanple
illustrates the preparation of Oo%té&% in Figure 3. The same
procedure was used as in EXAVPLE 1; 8- di brono-1, 10- phenant hrol i ne
(1.5 g, 8.4 mvl Thiz eanple ikustates the preparaan ofCempalnd Gy adFyurd our nal  of
Chem stry 1%97 75, 1336-1339.), 4 10 trifluoronethyl benzeneboronic acid

(2.11 g, 1171 mmol, Lancaster Chemi cal W ndham NH), tetra kistri
ph enyl phosph i The gaane priasdureg was u@ﬁgdaﬁwmlﬁ 1 awith 3¢+ um car bonat e

1.41 13 I ‘gﬁe‘?{ f t
<(ach| evgd Vi g?bsrdlg?ﬁ%c%flo ﬁntr{ ﬁﬁhcﬂ-@ r5ngiogr ap g] grag%%t H?l{?/ n{efﬁalngln e
9:1, v:v), ardohetal.gyanadiardeymng Ph@hﬁm% ﬂﬁ doBa-T3O%aftol , to afford
a whi t eigol trﬁlub'ﬁé’rﬂeﬂ? IberdeHebafdnie QGIGE(ZbM d.H NvEhmbH LidiBagtePCl 3, 300 |VHZ

298119, s CHomibe) Gimins, Wiirdety ey T op Ryt otk seladin St

7.91 (d, 4HCM$
282 Mz, 296519 my, .58t tEnglhrandAbdEMAMRIIBOEAEH( < 16,2188 enmbl) wateat es t he

ti throli
(100 g 2 @0 st Puede oD Pd gﬁﬁﬁ??a}c.d*?\?%*a]ﬂ'% “mol ), 25
bi s(di phenyﬂgﬂmgbmmaipsmmvdd(mrﬁ@e e matiaanol A9ds Nd/h,)anq)melndw um
ﬁTcrglt atilmd r5|2W5§h| tﬁ%aﬁl“flﬁghct vﬁltrdwg][i%eth@nél m@bﬁgﬁd ammilelmmctsz()&ﬂ@mrrgj i}gr9
15 h, afterga}ﬁ/‘?)\cﬂ’r%q%’f’rﬁ’é”? @M&m\l}&'ngﬁgeﬁ’dgﬁﬁw @gﬂg)&@l@g’@ssure and
'It:)he ]E:r udte r ébi 2He Jwa3. 3SI’db) 845, 2bl, 28 da)e00d (s2it), Trobed, 4, Jﬁ8B<arrpI e 1.
urificatio v, IFR
(di chl ororreﬁ%ﬁﬁggt)% 0% t%@ PR 1QEHMhta@b¢lf%0r§§a pal’eye Pow solid
(567 ny, 676@12>m5%pure by 1H NMR 1H NMR (CDCl 3, 300 MHz, 296

20 EXAMPLE 3

This example illustrates the preparation of Compound I(e) in Figure

2,9-Diiodo-1,10-phenanthroline (1.00 g, 2.31 mmol), 4-
fluorobenzeneboronic acid (972 mg, 6.96 mmol),

25  bis(diphenylphosphino)butane (92 mg, 0.23 mmol, Aldrich), palladium
acetate (52 mg, 0.23 mmol, Aldrich), and potassium fluoride (810 mg, 13.9
mmol, Aldrich) were allowed to reflux in anhydrous dioxane (100 mL) for
15 h, after which time the dioxane was removed under reduced pressure,
and the crude residue was subjected to an aqueous work-up as for

30 Example 1. Purification was achieved via silica gel flash chromatography
(dichloromethane, 100% product Rt = 0.57), to afford a pale yellow solid
(567 mg, 67%), >95% pure by 'H NMR. 'H NMR (CDCls, 300 MHz, 296
K): 6 8.43 (dd, 4 H, Jun = 10.4 Hz, Jur = 5.5 Hz), 8.28 (d, 2H, J = 8.4Hz),
7.77 (s, 2H), 7.26 (dd, 4H, Jun = 9.9 Hz, Jur = 5.9 Hz) ppm. "°F NMR

35 (CDCI3, 282 MHz, 296 K) & -113.0 ppm.

EXAMPLE 4
This example illustrates the preparation of Compound I(d) in Figure 3.
The same procedure was used as in Examples 20 and 21, using
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Ky: 6 8.43 (dd, 4 H JHH = 10.4 Hz, JHF = 5.5 Hz), 8.28 (d, 2H J = 8.4Hz),
7.77 (s, 2H), 7.26 (dd, 4H, JHH = 9.9 Hz, JHF = 5.9 Hz) ppm 19F NMR 35
(CDCl 3, 280 242005386 K) 8-113.0 ppm EXAIVPLE 4 Th| S examlrﬂlsmdsmsmwt es the

P Bxanpl o8 ‘g CieMIHELNA0 hithahthyot @%o AT PCT/ PBERA akctapgused as
4, 7-di (r:rﬁl or6°1J ?’?ﬁtﬁf%ﬂfﬁ Fr‘hgm'ﬂ@’\/\g 2%6811 éb% , prepared according
LO (‘tJ- 1|‘_I|et elbm(‘brtﬂhjbcolﬁbﬂm Bégﬂerﬂéiﬁﬁom&%emﬁ(ﬂ%@ me. 560 mmol, AIdrlch)OI N
is(trifluor nzene ric
b1 5(d pheny PO ERFTHETBSPARSH-IaNE (f54 Bosrbhaion. palpai pslld o o &' (81
{Tgl 0. 36?3m(r8)1 mg, s(baﬁiijmmalr)bsndmm dabbénater(f,519. 6@, Wlmmohkau\ate((5(4%) and
ol uene ny,
RS A
(s, 2H), §19,49% ; 19F
NVR (CDCl 3, Ma(s, QPI? 800 %s,-43), I PR 53)07 PLH, 3 =T0i52 1$Xa8pthe

| | ustrat d | 3. Th
LrOEZdL?eeiéf S@Eé‘@ﬁxﬁh 2%%%@6358% 42 6t -1 o henmnt noatine (1.0
%h 4. Ol?msml_ {)repar ed according t(EXAraPKEnﬁda et al. Bulletin of the

em cal Socie
3,5-bistrifluor grﬁt’%%ﬁ%@ﬁ?ﬁ@aﬁ%‘ggﬁhégé%%éﬁ@ gBCampfbmg IFT‘?T’B] Elgure

bi s(di phenyBphosphi no) but ane (171 ng, 0.401 nmmol), palladium acetate (90

mg, 0.401 mm') 'Iﬁ{EFdssRﬁé%?u éé!“réwg%ruéb‘d ééuﬁ@XﬂMPﬁfEé Uﬁﬂb)z gand ~anhydrous

di oxane (100 ni ct was purlf y washin crude materi al
with diet hyld"%hka@rPhQQ?rE'f'ﬂOBF@(i Red: £l maobpmﬁd@@cardm {® solid (345

g, 14%95 1WA 6D8). Bullshy oMHe CREMIdE Sdeidly @ZJéplan 4900,J68; 27101. 46 Hz),
8.45 (d, 2H, 7.91 (s,

2H
2H) ppm 19ﬂ2i®58q%%%r%ﬁ%‘g%n2§@%-bgorgc ag@ @tz)%gp%nq 8$H'é"‘f5’|l)0pert I es of
t he el ect r obis(diphepyiphoaphiho)budane { tilremgh 01 Bbna h padadivinp asetate
sunmari zed | I 12 vs SCE
LD v ond2p M G401 Bihat Q@%‘é@% AL A0 o B B T~ o pound
382 318 1 @@hygrow dipxay)e CéRpBLMd! Erpragiigt was prrifigd iy washing the
20 crude material with diethyl ether, to afford the desired product as a white
solid (345 mg, 14%). 'H NMR (CDCls, 300 MHz, 296 K): & 8.92 (d, 4H, Jur
=1.46 Hz), 8.45 (d, 2H, J = 8.3 Hz), 8.25 (d, 2H, J = 8.5 Hz), 8.02 (s, 2H),
7.91 (s, 2H) ppm. "F NMR (CDCls, 282 MHz, 296 K) & -63.50 ppm.
The properties of the electron transport and/or anti-quenching
25 compositions are summarized in Table 1 below.

Compounds | Absorption Absorption Eio vs SCE | LUMO vs
onset (hm), | maximum (volt), vacuum (eV),
E1-E5 (nm) E1

Compound 382 318 -1.56 -3.28

I(b)

Compound 376 320 -1.77 -3.07

I(a)

Compound 368 342 -1.68 -3.16

I(c)

Compound 362 310 -1.54 -3.3

1(d)

Compound 372 342 -1.8 -3.04
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| (a) Conmpound 368 342 -1.68 -3.16 | (c) Conmpound 362 310 -1.54 -3.3 1(d)
Conmpound 372 342 -1.8 -3.04 13 WD 2004/ 005288 PCT/ US2003/ 021610 1(e)
Conpound BOQ0GU®Ds288. 52 -3.32 | (f) Conp. F 368 310 - 1. 8ETAR288/02B0PA Conp.
G 366 316 -1.95 -2.89 DPA EXAVPLE 6 This exanple illustrates the

pr epar at i on of—antridipm—etectrgtumnescentrconptex;—showras Fornmul a
IV(a) in Fidlf® 5. 5 Phenyl pyridine ligand,
2- (4-f 1 uor opfedmpouriet t rjig7ouor onet hghpyri di ne |Th@2gener al -fhB82cedur e jused was
descri bed inA Lohse, |[P. Thevenin, E. Waldvqgel Synlety, 1999, 45-48. A

m xture of 288~ —of egassed—wat-er—20—g—of—potasstu bo 150 m

JoCUuU vvu.l Y UL aASSI UIIII’faI UUIIaL C,
of 1, 2-dinst 3%(8 5 g of ﬁa@PPh3)4 0185 mol of -298hl oro-§ 10
trifl uoronet

and 0.05 mol of - 4-f1l1 nrnphnnyl boroni-c—acid-lwas
refl uxed (80- @@@)) Gor 18680 h. The3d@sul ting |-&&85ti on mi 2.89¢ was dil uted

with 300 M |ghpwater and extracted with CH2CI|2 (2 x 100|nl). The gonbined

M\A

organi c | ayers—were—drtedover MySO4,—and the sotvent— renoved by vacuum
The liquid products were purified by fractional 15 vacuumdistillation. The
solid materials were recrystallize®EXAMRLE®&ane. The typ| cal purity of

T 208 ) o (st or Ern @“%@?Fﬂ%ﬁéﬁﬁq S Eh g |ne B o mbove
(2.20 g), AgCegimoiu "(‘!De@qgf'é)cc 2@%?#%@'&)’% lﬂuéﬁ) ously stirred
under a flsow RierVbyadineligahé.mpet-Alorbgheiiss-trflavtomdiBdpwidine br ought up to

185C (oi |l bath). Q‘hﬁoémr%{%%&dm% u@w&?ggsérmgﬁrﬂ & FB’S éol idified. The

m xture was cool e S 'were extracted

wi th di chl or GRetHRABINR: Waldyee! Sk AsD00ss4Bor e TR208 SR ned
di chl or onet hafigjassediivatis200g o€ pfassiuht eirbshdter 1800kl &f short silica col um

and evapor at efly £fLEEIBEARNY 5 g of PA(PPh3)4, 0.05 mol of 2-chloro-5-

10 trifluoromethylpyridine and 0.05 mol of 4-fluorophenylboronic acid was
refluxed (80-90°C) for 16-30 h. The resulting reaction mixture was diluted
with 300 ml of water and extracted with CH2Cl2 (2 x 100 ml). The
combined organic layers were dried over MgSQO4, and the solvent

‘ removed by vacuum. The liquid products were purified by fractional

15  vacuum distillation. The solid materials were recrystallized from hexane.
The typical purity of isolated materials was >98%.

Iridium complex:
A mixture of IrCl3-nH20 (54% Ir; 508 mg), 2-(4-fluorophenyl)-5-

trifluoromethylpyridine, from above (2.20 g), AgOCOCF3 (1.01 g), and

20 water (1 mL) was vigorously stirred under a flow of N2 as the temperature
was slowly (30 min) brought up to 185°C (ail bath). After 2 hours at
185-190°C the mixture solidified. The mixture was cooled down o room
temperature. The solids were exiracted with dichloromethane until the
extracts decolorized. The combined dichloromethane solutions were

25 filtered through a short silica column and evaporated. After methanol
(50 mL) was added to the residue the flask was kept at -10°C overnight.
The yellow precipitate of the tris-cyclometalated complex, compound [Va
in Figure 5, was separated, washed with methanol, and dried under
vacuum. Yield: 1.07 g (82%). X-Ray quality crystals of the complex were

30 obtained by slowly cooling its warm solution in 1,2-dichloroethane.
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(50 mM-) was added to the residue the flask was kept at -10C overnight.

The yell ow precipitate of the tris-cyclonetal ated conpl ex, conpound IVa in
Fi gure 5 ,woaasigwpmsat ed, washed with nmet hanol, and dri e@Cor$eoo3/ozsmtuum
Yield: 1.07 g (82% . X-Ray quality mxagbaksy of the conpl ex were 30 obtai ned
by slowy coolin

Lts warm ol ution i - di et hane 4 \\D

2004/ 005288 PCT/ DB Fslgstaies s forri HP§?Z§J%[§FQSMQFB§§}‘§{% t he
formati on oftra@isgbd compusitidns affthe geverttioansport conposi tions of the
i nvention. Thin fdl) m: i NGl wudi I I r (HT
| ayer), 5 elect rfo '@%&?&Eﬂ%e@%#ﬂ?@%%‘ﬁ??f%ﬁ‘gpéf‘q&%g(wo'ﬁ%@ ectron
transpord &epteluminescenidayer (- laygerandEayleast eneeelpctiendranapoitcat ed, by t he
thermal ev Wer &gﬁ\m YRS L.th oil
di f f usi on %El%ﬁméa\rglo%%e ._I%e@gg@vacuﬁrﬁg%%af%?ﬁgﬁé?@ﬁ?ﬁhe%%lm
deposi ti on RY3PPratiopHechnigye. #n Edward Hefo 30Ghavargistarivithoi dilfusion was
fﬁpabl e of (i%m?fi/vbbmﬁeéﬁ THevisash f/é@ltﬂﬂ‘f?r‘lfélljoéf&héﬁt@ihg%ldétﬁ)sﬂ%%b té@{dﬁ)re?k up

e vacuum Patterned, I gdi um-tin oxi de coat e S Sspubstrates from
Thin CFi 1 m 86 re St 1 Bpite TeluSPoatiart onepbp& g CofleBi oreeRsiinag 1757
gl ass cdat ediveidiffergndfiind withautathe mpedviothrealbhepthe eacsirance of 30
ohns/ square and 90 |1 : 1,55/ es 15
were then cl e_ane%%tﬁetrﬂr‘%gf)nrﬁ%@ﬁ@;&laﬁé Q&?ng’gte&g@rgsg%ﬁgsﬁoﬁﬁﬁmwﬁe
subst rat es WdeDeMieas; Ineseerevidssd. diese T&Ys ae based onIGamwingbl73%opr opanol |

T sUbat 1 e T D, o . Ehanber - vias
purped down q?‘g‘vgﬁqtbar?w.g&zgighg%aﬁﬁ%‘ﬁsli%-gl#\ﬁd%at{]%@ﬁgf@t%@ﬁtrﬁi%aned usi ng
aﬂ_ ox%/gfeﬁ pvasreahémcleahedtultasdhicallyuh eguedis detergemr‘]ém@hiomrié ple | aﬁer S IOf
thin filnms n I ueni u [ t her ma
evaporati on%bgtﬁéﬁgwerggﬁgﬁé:lﬁﬁgg%’ﬁ@\@Eﬁlgﬁe\%ﬁeg%go%?gﬁ' 'gﬁ%ref’éﬁ‘a'% Al were
deposi t ed t landuitban degreased imielueheofapesforof hawrsf i | m was measur ed duri ng
deposi L1 on usi NG TheZBeAd, patehid AfQ SBBSHAL o iR ISTGed b md! | 111 m

t hi ckness reported in t Exampl es are nomnal, calcu assum ng the

density of tVREUWR:GEaMRer afhibe ¢hagnber was Buapedigiowbian] @PdamroTi® devi ce was
then tagen eubs@ite wiethercluniet BrREREH LB ahakpgdreplasath fomapduat el y wi t hout

cncapoul 2t o Hieb! ArGs BTG b Res SES RS IR 1 ol
cases the amepesitethseduedtially odic thessdrstrabobe thérheal leebpotatians Fonally, ayer was
MPMVP,  Shown hatterned metal electrodes of Al or LiF and Al were deposited through a
mask. The thickness of the film was measured during deposition using a
25  quartz crystal monitor (Sycon STC-200). All film thickness reported in the
Examples are nominal, calculated assuming the density of the material
deposited to be one. The completed OLED device was then taken out of
the vacuum chamber and characterized immediately without
encapsulation.
30 Table 2 summarizes the devices made with the phenanthroline
derivative ET/AQ compositions of the invention. In all cases the anode
was ITO, as discussed above, the hole transport layer was MPMP, shown
in Figure 15, and the emitting layer was the iridium complex from
EXAMPLE 6, having the thicknesses indicated. When present, electron
35 transport layer 150 was tris(8-hydroxyquinolato)aluminum(lil), Alg, having
the thicknesses given. The cathode was a layer of Al or a dual layer of
LiF/Al, with the thicknesses given.
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in Figure 15, and the emtting |layer was the iridiumconplex from EXAVPLE
6, having the thicknesses indicated. Wen present,

el ectron 35 transport

| ayer 150W0a904r0052888- hydr oxyqui nol at o) al um nun(111), Al @CThse0302161Hhe
t hi cknesseq given. The cathode was a I 20f Al or a dual |ayer of
Li F/ Al, witlh the thicknesses given. 1 D 2004/ 005288 PCT/ US2003/ 021610
Tabl e 2 DeVices _Sanple HT Fl ET/ ABCVEQST A Cathode, (A) A Conparlati ve
507 407 ComBarhplal 721| HT 408 Compahati veEGPAQ4BS (GeTpA G Al CaBiodeG 407
2-1 505 408 I(a) A 71'7§é?0 2-2| 506 430 |(b) A 736 405 2- 3A515 407 I (c)
Al 728 409—2-4 516 418M(d) Al 717 406 |2-5 505 415 1(e) Al"740 432 2-6
514 402 | (f|)Caovhpaa@ive435072-7 514@07 1(g) CAmE.ZB 409 The OLBD784&npl €s
wer e charactlgrized by measuring their (1) rent-violtage (11V) curves, (2)
el ectrol uminescence radgi ance verjsus 5 voltage, and (3) el ectrol um negcence
spectra ver|sus voltage| The apparatus used, 200, ils shown in Figure 8. The
I N curves dfcafpSiaile $aapl €. 2204p4ere meagihsdsWijth a Keith
Sour ce- Measurengnt Uni§ Model 234?, 280. The e‘?'ectrol umi nescelrbfgzg)?adience
(in the uniltSof cd/nP)| vs. voltiage was mp48dred wilth a Mnolta LS 11(
| um nescenge.eter, 10)3p8, whilleqddre vol t gag was sicanned us|pgzipe
Keithley SNU. The el e¢trol um nescence speag um was| obt ai ned| by coll eqting
light using—apair ofllenses 230 throug n electronic shutter 240,
di spersed t|l2-Bugh a 506 430 I(b) Al 736
405
2-3 515 407 I(c) Al 728
409
2-4 516 419 I(d) Al 717
406
2-5 505 415 I(e) Al 740
432
2-6 514 402 [(f) Al 738
431
2-7 515 407 I(9) Al 728
409

10

15

The OLED samples were characterized by measuring their
(1) current-voltage (I-V) curves, (2) electroluminescence radiance versus
voltage, and (3) electroluminescence spectra versus voltage. The
apparatus used, 200, is shown in Figure 8. The I-V curves of an OLED
sample, 220, were measured with a Keithley Source-Measurement Unit
Model 237, 280. The electroluminescence radiance (in the unit of cd/m2)
vs. voltage was measured with a Minolta LS-110 luminescence meter,
210, while the voltage was scanned using the Keithley SMU. The
electroluminescence spectrum was obtained by collecting light using a pair
of lenses, 230, through an electronic shutter, 240, dispersed through a
spectrograph, 250, and then measured with a diode array detector, 260.
All three measurements were performed at the same time and controlled
by a computer, 270. The efficiency of the device at certain voltage is
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spectrograph, 250, and then neasured with a di ode array detector,
three neasurements were perforned at the sane time and controlled 15 by a
conput er ,wD2004/0088ef f i ci ency of the device at certain PortEsgesiosie1dé WO

2004/ 005288 detamusedds/ digitéidthedetetrotimite deende vadiaRee o the LED b

electroluﬁlﬂﬁé%ﬁ@%ﬁtaéﬂg

run the device
enant hrol i ne de'r Adres 9 Qp agamthrd dmltlt/eEﬂ'/A iven in
ph hr ol dekhe/Easuits ferm asipgdhie pbesanthrolme Qe ¢
%Oﬁélb{/ves of Devi ces Peak
Sampl e cd/n2 cd/ A

Tabl e 3 bel @ym

Efficiengy at
E. 3000110 14 at 22 V Conp. G 4500 10 20 at19Vv 2-1 4000 8.5 9.5

eak Peak

ﬂpﬁge&td

Is1n¢c

slifdHsFofhe Bh@sHtiopl é’r

Radi ance,

¥ iR ik e ey

|ance éﬁ%lClency,

nt. d(ﬂélty

260. Al

r¥eeded to

s using the

;'?/ ﬁQ \902-’ 3500 6 17 at 19 V 2-3 1PARBEO32 6 at 24 V 2-4 2200 16
\zlogh?oégggg 6D("'?'E | éanQIZE%FRH‘guWﬁ? T_%erilgs(]ﬁg?o‘ﬁgﬁegts.ZAf}/. 12\ \é\?
conpri singja phenant htol i nePaeki vat i VeEHRIBY atPdzk Ul a | pegghown i1
1, wherein: Radiance, Radiance efficiency,
Sample cd/m2 cd/A cd/A
Comp. F 3000 10 14
at22Vv
Comp. G 4500 10 20
at19Vv
2-1 4000 8.5 9.5
at 19V |
2-2 3500 6 17
at19Vv
2-3 1200300 2 6
at24vVv
2-4 2200 16
at25Vv
2-5 1000 6
at23Vv
2-6 900 8.5
at27V
2-7 1400 6
at24Vv ,
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Rl and R2 are the sane or different at each occurrence and are selected
fromH F, d, Br, alkyl, heteroal kyl, al kenyl, alkynyl, aryl, heteroaryl,
CnHaFb, O€oHakmos®8HcFd, and OC6HcFd; a, b, c, and d ar @Cd/useoman2iomt eger
such that atb = 2n + 1, and ¢ +d 10 =5, nis an integer; x is 0 or an
integer from1l through 3; y is O, 1 or 2; with the proviso that there is
at | east one substituent on an aromab' 5 group selected fromF, CnHaFb,
OCnHaFb, C6HcFd, and OC6HcFd. 2. The%%ésition of Claiml, wherein Rl is
sel ect ed fr dithghierpj@imedsigbsti t ut ed phenyl, bi phenyl, substituted bi phenyl,
pyridyl, substitute ' | ihQ¥% pheHih i ' L dyl . 3. The
conposi tion of Cluléi ﬁch?ﬁ(%éjt?’der} %&E?M#gg?e?%ct eéﬁ’?ygﬁﬁq"%@@ﬂ@m‘? ed phenyl,
subst i t uPed FArpwdmIShoyiLisy Figutech, Wiemellyl | substituted bipyridyl having at
| east’ one substi tRitahd 82 afd 81 darmdorbifirentditeichddevirenca@ant arBet er oaryl ,

| al kyl , het I F d C6HcFd. 4. Th ition of
G him 1 aherein ot SAEHEE G TdF+ G B aycReraRlsalkenyh Aluiphonyl and
subst Lt uted bi Ehenyhryh,am‘teg)a{yl, CaitigF 1,0 OC 33, BpiS g HEEg AN ©I0gt g, f rom F,
CnHaFb, OCnHaFb,

wherein the phenggﬁﬁﬁggpﬂg"ﬁg ((agr:lg }\;%Fﬂg%gz?rs Sgglﬁéﬁ)ter%%fs% tcz)ir%oﬂg)’?%%%%i (?n( l%)

through10(f) in Fig8f 3. 6. A conposition having a formula sel ected from
Fornula 11(a) ang, sk iMegerl1(b) in Figure 2, wherein: 30 Rl and R2 are the
same or different at each,oécurflrzence and are selected fromH F, d, Br,

al kyl , het er oal kyi 1S &pkanntegal fkomy through B, heteroaryl, CnHaFb, OCnHaFb,
C6HcFd, and OC6HgFd 0R3 o2t he sane or different at each occurrence and is

et btk o, TR BAPALGr Lead GRS B S
het er oarpl ergralxpelected frQm &, €gHaEpQCHHhm CeHhdigs andfdCgHdFa. nul ti val ent
e N S e e e
y is 0, 1, &ubstitifed phendohiphenyh subsitutedhiphenylneyrisivh sabstituted ect ed from a
pyridyl, bipyridyl, and substituted bipyridyl.
3. The composition of Claim 2, wherein R1 is selected from
20 substituted phenyl, substituted biphenyl, substituted pyridyl, substituted
bipyridyl having at least one substituent selected from alkyl, heteroalkyl,
aryl, heteroaryl, arylalkylene, heteroarylalkylene, CyHgFp, and CgHgFg.
4. The composition of Claim 1, wherein at least one R1is selected
from substituted phenyl and substituted biphenyl having at least one
25  substituent selected from F, CHgFp, OCnHZFp, CgHFd, and OCgHGFg.
5. The composition of Claim 1, wherein the phenanthroline
derivative is selected from Formulae I(b) through I(f) in Figure 3.
6. A composition having a formula selected from Formula ll(a) and
Formula ll(b) in Figure 2, wherein:
30 R1 and R2 are the same or different at each occurrence and are
selected from H, F, Cl, Br, alkyl, heteroalkyl, alkenyl, alkynyl,
aryl, heteroaryl, ChHgFp, OChHgFp, CgHcFg, and OCgHcF4
R3 is the same or different at each occurrence and is selected from
a single bond and a group selected from alkylene,
35 heteroalkylene, arylene, heteroarylene, arylenealkylene, and
heteroarylenealkylene;
Q is selected from a single bond and a multivalent group;
m is an integer of at least 2;
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5 hydrocarbon group with at |east two points of attachnent, selected from
an aliphatic group, a heteroaliphatic group, an aromatic group, and a

het er oar owat2oe/@s238p. 8. The conposition of Caim7 wheP€Trus@u3g2sad ect ed
from al kyl ene groups, heteroal kyl ene groups, al kenyl ene groups,

het er oal kenyl ene NL® ar ndeger; al kynyl ene groups, and het eroal kynyl ene groups.

9. The compos {1 q9ie) oFh T HISF Fidhmach R5idiga M S1 ndl e- ri ng

aromatic groups, rrultlplé ring aroma c gr oups ring aromatic
groups, single- HW@ Ghel & @ar omati c groups, nmultiple-ring aromatic groups,

Conpost t Lon ot Ol ot re o bosRio| GHTIBRE 6 TherRNPR 18 B8IetadHBRE 1 1ca) 1 hr ough
conposi t Lon,_o

111(h) i %P@a&’onquouﬁwﬂ{'h%ﬂﬁgéﬁwo‘?f) igts Qﬁ% grenfiialestad from gnsel ect ed
from phenydal;prmhlbsgrotxp,t@ﬂetﬁnemdh,atlblg@hmyén afomatid greupdahd henyl , pyridyl,

substitut edy dyl, and substituted bipyridyl. 20 12. The
conmposi ti on %F@étﬂnﬁtglﬁx%erel n RL is selected from substituted phenyl,

substituted bi phdhylThe sompositioned CFsztin'n ayvVhera'rrdQ is sbkectedfrech dikylgnedyl ,

neter a1 SEEOPERATARNRE BRI AR Tire S mellBiR Sk Sl
and OCGﬂéFogm?' Si@ WS”@@W taﬂgrh ‘%anf{e@e giREP®i n at |least one Rl is

selected from StQOSThé@bmi;o@mgmdf Glaith swtmrew@qg sBIeléﬂ%Wbm"@Hd;l@l at | east
OC6HCFd. 14.

one bst nt ected f

The cgﬁpzs:'ﬁﬁiﬁr%ﬁa@ gips: "Wﬂ]@rl%‘lr'ﬂgﬁomft'gér@éﬁ%JU?‘?JC_)‘CHFQar?fﬁ@ﬂ?l ene and a
substi t ut eogrpheays;legke-nm@hetéroé’rbmatmrgroap$|mult|pfe -fh@giarorhdtibgroupg, at | east
oryi al Kyl erssed; ”@%@E‘?@f*ﬁ@eﬁ%%%b"”%%@éﬁgg%ﬁéﬁ%ﬂe&ﬂgiﬁr o CCBHGFd.
16. ThelBonpositi1éh Bre @mpweon\mﬁé}*@nhﬁmheselrw iscrederted foman  al kyl ene

group havi rugoﬁnﬁlggélu(tatytmgahﬂ@(hy#{p@mjr@aorrs 35 17. The conposition of
Claim 6, vvhereln,'én%e I s at leag C

sel ected from F SreRSARR! ClBNEMNeIHD St £HEctoRdIaND 2004/ 005255
PCT/ US2003/ @he6$l) sub8titufsy eheroA, rb)ph@nd%ubmuﬁ@mprmyg paFidjleast one |ayer
ST BRSO P S MBI 2, LS o ence
and ar e20 12. The composition of Claim 11, wherein R1 is selected from
substituted phenyl, substituted biphenyl, substituted pyridyl, and
substituted bipyridyl, having at least one substituent selected from alkyl,
heteroalkyl, aryl, heteroaryl, arylalkylene, heteroarylalkylene, F, CqHgFp,
OCpHaFp, CgHcFd, and OCgHGF 4.
25 13. The composition of Claim 6, wherein at least one R1 is selected
from substituted phenyl and substituted biphenyl having at least one
substituent selected from F, ChH5Fp, OChHgFp, CgHFg, and OCgHFg.
14. The composition of Claim 6, wherein R3 is selected from a
phenylene and a substituted phenylene.
30 15. The composition of Claim 14 having at least one substituent
selected from alkyl, heteroalkyl, aryl, heteroaryl, arylalkylene,
heteroarylalkylene, F, ChHgFp, OChHgFp, CgHcFg, and OCgHGFg.
16. The composition of Claim 6, wherein R3 is selected from an
alkylene group having from 1 through 20 carbon atoms.
35 17. The composition of Claim 6, wherein there is at least one
substituent on an aromatic group selected from F, CyHgFp, OCrHaFp,
CeHcFg, and OCgHGFy.
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5 selected fromH F, d, Br, alkyl, heteroal kyl, al kenyl, alkynyl, aryl,
het eroaryl, CnHaFb, OCnHaFb, C6HcFd, and OC6HcFd; a, b, c, and d are 0 or
an i nt egewooeinosisat a+tb = 2n + 1, and ¢ + d = 5; n isPpram/uspesgerslo 10 x is
O or an integer from1 through 3; vy is 0, 1 or 2; with the proviso that
there is at | east1®nAnsldsttdnicidavicecomprisirgrat ieast gnelayesiatct ed from F,

CnHaFb, QCn idhHe @E@ 19, T ' 0 | ng: wher ei n
Rl is sel ect%nt?l’f)rrI om pﬁgﬁ?ﬁﬁmr ﬁ&%tlggthggm&%wﬁgﬁi Jpq?egﬁ@'n?%léggest ituted
bi phenyl , pyhi¥igrensubstituted pyridyl, bipyridyl, and substituted

oUbSt i e phenyr, COUIRET Rt e Shifib bR diihEuldth o RRRELEM AEOTL |1 it e
bi pyri dy;l5 havi ng_ at Sf”téﬁqul f%?f@ﬁu%s&t&ieﬁ*%ﬁ?ﬁf@%”ﬂ'ﬁ ?W&l:l@%y:n%et eroal kyl ,

20 aryl, heteroaryl aryylydteidarlc OpHJF, DOgHYFg] B¥HERS, éanFd’}nd C6HcFd.
21. The d f , .at | i I I d  f
Substi tuted Sﬁeﬁﬁ,%a%%ﬁ%ﬁﬁ“@?ﬁﬁﬁéﬂHﬁsﬂsﬁ;“ﬂﬁcnik?%ia{— ptdrange+a

substituent sel ecte& $romF, CnHaFb, OCnHaFb, C6HcFd, and OC6HcFd. 22. The
el ectroni ¢ devi cg, Rf5f#kdBr18, wherein the phenanthroline 25 derivative is
sel ecteg from For nul aen?(%%%’through | (i) in Figure 3. 23. An electronic

devi ce @Bnpri si ng18t0 PEAR iNtegrRr framiet thrakeh S¢onpri ses a conposi tion having a
formul a sel ected yjg@gniFerzrul a 11(a) and Fornula 11(b) in Figure 2,

wherein: Rl and rent at h occurrence and are 30

sel ected fromH, Vlﬂ,tha %,6rré§i,sgiﬂsyﬁ1%r%£%ﬁga§mq S‘i‘%ﬁiwt,o%ﬁ'kﬁ‘m?t'c aryl,
heteroaryl, dgintjaBblectihfriamty;, CrHgFg, OlhyH B i@ RaindsOChel Fare or
oo, S ot eas P THRUBIES ool B RERINET ST, PR oE, o0
ary| enedPky|ssistituies phayl neipbeays gubsiiuicdybiphenyl pyridyk slubstitited r om a si ngl e
bond anq a %’agy@i Rﬂggbﬂﬁl%?ubsfﬂdtéd gibajr;ag@ger equal to a'F least 2; nis an
i nteger; 20 Oggﬁgﬁeﬁ%_ PCT{&S_ZOO% Vé_ll 10 p.is 0 or 1. x is O or an
integer from1 thfou evigeot Glaing 1y, whergin BT is selected from
substituted phenyl, substituted biphenyl, substituted pyridyl, substituted
bipyridyl having at least one substituent selected from alkyl, heteroalkyl,
20  aryl, heteroaryl, arylalkylene, heteroarylalkylene, CyHgFp, and CgHcFy.
21. The device of Claim 18, wherein at least one R1 is selected
from substituted phenyl and substituted biphenyl having at least one
substituent selected from F, CyHaFp, OChHgFp, CgHcFg, and OCgHFg.
22. The electronic device of Claim 18, wherein the phenanthroline
25 derivative is selected from Formulae I(a) through I(i) in Figure 3.
23. An electronic device comprising at least one layer that
comprises a composition having a formula selected from Formula ll(a) and
Formula 1I(b) in Figure 2, wherein:
R1 and R2 are the same or different at each occurrence and are
30 selected from H, F, Cl, Br, alkyl, heteroalkyl, alkenyl, alkynyl,
aryl, heteroaryl, ChHgFp, OCnHgFp, CgHcFd, and OCgHGFy,
R3 is the same or different at each occurrence and is selected from
a single bond and a group selected from alkylene,
heteroalkylene, arylene, heteroarylene, arylenealkylene, and
35 heteroarylenealkylene;
Q is selected from a single bond and a multivalent group;
m is an integer equal to at least 2;
nis an integer;
20



24. The device of Claim23 wherein Qis selected froma 5 hydrocarbon group
with at |l east two points of attachnent, selected froman aliphatic group,
a het er oaWDRh@G0s28§r oup, an aromati c group, and a het ePCAUSA@BI0L16¢6 OUP.
25. The device of Claim24 wherein Qis selected from al kyl ene groups,

het er oal kyl ene grpig8ordl kenyl ene groups, heteroal kenylene 10 groups,

al kynyl ene groupsy j2@ ][Qﬁtlﬁtreﬁél‘?%m'wl%ug m%? 26. The device of Caim23
ro I'c

wherein Qis selected 1romsingle-ring groups, nultiple-ring
aromati c groups, Y!fs%dl,rqrr?g aromatic groups, single-ring heteroaromatic

groups, multiple- 24 ngfhérd@mid@f@lraﬂﬁ% whér‘é‘ﬁ?éﬁé's’éﬂbc@éd’ﬂ%ﬁ § groups,
23, wherein Q

ar Iamn S|Ian and SI| vi ce of
i sysel ect ed hW'ES’rﬁ "hﬂloér@ wi F%asf %(Y%Bﬁﬁ‘tsl@ﬁftiﬂa)chrﬂe'ﬁr agl,egte,glr?r@rg anthe
devi ce of ChaliphatR3grouwhea dieterBalipisatiegreapedn bromaiib grolp, angiubst i t ut ed

phenyl, bip ed bi phenyl, pyridyl, substituted pyridyl,
bi pyri dyI ﬂ%yéﬁ@wﬁ:uéﬁogbbl pyridyl. 20 29. The devi ce of C aim 28,

wherein RL is sel2&t §Hefde®!mes®f&|laim@4e\dher}eheﬁlwls setadbed froot aldztylbnphenyl
substitutedg %ﬂ@ﬁbter@é‘ﬂ%@%@%@rf)hk}ieﬂk&ﬁ r‘ié g?@ugs F@f@rﬁé’lﬁ Eﬁ@St one

substltu%nt sel eCt eter ary ,
aryl al kyllengroups; @ HV'?F‘&IQ@P@%eanq: ef@FFP% QD@]GWS C6HcFd, and OC6HcFd.

25b3? tT[]eddeVI ce2®f Tgb@egk%l’of ?hghgenmﬁéreire@sfs S@Rﬁ:tééllfrbﬁn ?lﬁbl%cﬁﬁ@j from
supbstlitute na_sups ut.e avln eas one

subst i t uent %'Jél?'é%c OFP%’@Hh'p&Fﬁﬁﬁmr&ﬁ%ﬁW ””%HEPWFd 31. The
devi ce of ClgiloupaSslngHeeing heﬂéﬁoamnﬁioegrbaps ;fmoltipke-ripd eryreatie grouphsa

substi tut ed ﬂaegmfinggb% ﬁ*eargﬁ Fhifis |aﬁeé"aﬂh3s11og§e{é§‘9 at least one

substi t uent ect roal et éroaryl,

aryl al kyl®ene, het#f- o’éh?l &NWI r{élalm23 mhﬁéﬁm @@ﬂla d frogmEeamulaed OCsHc Fd.

33. The devigigaXthrddgh ||||1‘5 n R3 is sel ect ed from an al kyl ene group
2 carb

wheretn there | Qré#g?eagevwﬁ BT MR R R SRS FoTGPORYIne ot od
from F, CnHadtthstiD@adipRbnyl, Bﬁdi"eﬁgil, sabﬁltmﬂﬁﬁenﬂipmﬂwﬂdﬁ&%@B
o v oAV o RIS SR 82 LD LR S
di ffere®0 at eachQ)Jdlﬁd%\m@Oé imr 28, wherein R1 is selected from substituted

phenyl, substituted biphenyl, substituted pyridyl, and substituted bipyridyl,

having at least one substituent selected from alkyl, heteroalkyl, aryl,

heteroaryl, arylalkylene, heteroarylalkylene, F, ChHgFp, OChHgFp,

CgHcFd, and OCgHgFg.

25 30. The device of Claim 23, wherein at least one R1 is selected
from substituted phenyl and substituted biphenyl having at least one
substituent selected from F, ChHgFp, OChH4Fp, CgHcFg, and OCgHGFy.

31. The device of Claim 23, wherein R3 is selected from a
phenylene and a substituted phenylene.

30 32. The device of Claim 31 having at least one substituent selected
from alkyl, heteroalkyl, aryl, heteroaryl, arylalkylene, heteroarylalkylene, F,
ChHaFp, OChHaFp, CeHeFg, and OCgHFg.

33. The device of Claim 23, wherein R3 is selected from an
alkylene group having from 1 through 20 carbon atoms.

35 34. The device of Claim 23, wherein there is at least one
substituent on an aromatic group selected from F, ChHaFp, OChH4Fp,
CgHcFd, and OCgHcFg.
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selected fromH, alkyl, heteroal kyl, aryl, heteroaryl, CnHaFb, 5 OCnHaFb,
CéHcFd, and OC6HcFd; a, b, ¢, and d are integers such that atb = 2n + 1,
and c + dwe 2B04/00%288s O or an integer from1 through 3; PCraseo3h2mio2; with
the proviso that there is at |east one substituent on an aromatic 10 group
sel ected from F, ¥nHARSM@EIHEFOMPEsiogd, phenhntitetos derigativethavingosi ti on

selected fr I ] i in: Wherein:  Qis selected froma
single bondq?{gﬂném’gh%ﬁ%Fdhérgo%g{r%%&Ps an integer from2 through 10; R3

| t | ent ]
is the same or diaR?IéF'glr\%@ﬁfe Biecsane o difterert alrpchocerience@ntrarm 15 a
si ngl e bond and a gselepterriresitiedalkyiomRidatkangryl, AERIPA! kyHere, aryl ene,

Rl PR LS M G o o vl oy
het er oal kyl , aryla, bhet andalarie,integded-such Mt@@gid?ﬁgr W;n@ﬁ@imﬁfg X .
I:SSS), é?.orTﬁé 2orr)§gsd|:?r| %%ggg%r@?%ngﬁm éimr:] Qis selected from For nul ae
111(a) througlh 13’1}@!@, 1i¢f2_3§i gure 4. 25 38. Ain el ect r.oni c devi c'(ea cpnprl:gl ng
g o e SR D S ailotin 4R,
device 1Y a JPUnEeleRtq ira fai Galakbi § bt Geftchel, 80dr@eBbefdal cell, or a
phot odet ector. 236. A composition selected from Formula l(a) in Figure 2, wherein:
Q is selected from a single bond and a multivalent group;
m is an integer from 2 through 10;
R3 is the same or different at each occurrence and is selected from
15 a single bond and a group selected from alkylene,
heteroalkylene, arylene, heteroarylene, arylenealkylene, and
heteroarylenealkylene;
R1 and R2 are the same or different at each occurrence and are
selected from H, alkyl, heteroalkyl, aryl, heteroaryl, CnHgaFp.,
20 OCnHaFp. CeHcFg, and OCgHF( '
yis 0,1 or2.
a, b, ¢, and d are integers such thata+b =2n +1,and c +d = 5,
37. The composition of Claim 36 wherein Q is selected from
Formulae Ili(a) through lli(h) in Figure 4.
25 38.  An electronic device comprising at least one layer
comprising the composition of any one of Claims 35 through 37.
39.  An electronic device of Claims 35 through 37, wherein the
device is a light-emitting diode, light-emitting electrochemical cell, or a
photodetector.
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