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Wherein: 

X1, X2, X3, and X4 are individually the same or different and 
(57) ABSTRACT include a moiety containing CH or N; R1, R2, R3, and R4 are 

An electroluminescent device, including a space-apart anode 
and cathode; and an emissive layer disposed betWeen the 
space-apart anode and cathode and including an organic 
compound having a complex ?uorene structure represented 
by one of the following formulas: 

substituents each being individually hydrogen, or alkyl, or 
alkenyl, or alkynyl, or alkoXy of from 1 to 40 carbon atoms; 
aryl or substituted aryl of from 6 to 60 carbon atoms; or 
heteroaryl or substituted heteroaryl of from 4 to 60 carbons; 
or F, C1, or Br; or a cyano group; or a nitro group; or R3, or 
R4 or both are groups that form fused aromatic or heteroaro 
matic rings. 
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COMPLEX FLUORENE-CONTAINING 
COMPOUNDS FOR USE IN OLED DEVICES 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] Reference is made to commonly assigned US. 
patent application Ser. No. ?led concurrently here 
With, entitled “Complex Fluorine Containing Compounds” 
by Shiying Zheng et al, the disclosure of Which is incorpo 
rated herein. 

FIELD OF THE INVENTION 

[0002] The present invention relates to organic com 
pounds containing a complex ?uorene and their uses in an 
electrical-optical device such as an electroluminescent (EL) 
device. 

BACKGROUND OF THE INVENTION 

[0003] Electroluminescent devices are opto-electronic 
devices Where light emission is produced in response to an 
electrical current through the device. The physical model for 
EL is the radiative recombination of electrons and holes. The 
term light emitting diode (LED) is commonly used to 
describe an EL device Where the current-voltage behavior is 
non-linear, meaning that the current through the EL device 
is dependent on the polarity of the voltage applied to the EL 
device. Both organic and inorganic materials have been used 
for the fabrication of LEDs. Inorganic materials such as 
ZnS/Sn, Ga/Bs, Ga/As have been used in semiconductor 
lasers, small area displays, LED lamps, etc. HoWever, the 
draWbacks of inorganic materials include dif?culties to 
process and to obtain large surface areas and ef?cient blue 
light. 
[0004] Organic materials, Which includes both small mol 
ecules and polymeric materials, offer several advantages 
over inorganic materials for LEDs, such as simpler manu 
facturing, loW operating voltages, the possibility of produc 
ing large area and full-color displays. Conjugated polymers 
such as poly(phenylvinylene) (PPV) Were ?rst introduced as 
EL materials by Burroughes et al in 1990 (Burroughes, J. H. 
Nature 1990, 347, 539-41). Tremendous progress has been 
made since then to improve the stability, ef?ciency, and 
durability of polymeric LEDs (Bernius, M. T. et al, Adv. 
Mater 2000, 12, 1737). Organic LED (OLED) represents an 
alternative to the Well-established display technologies 
based on cathode-ray tubes and liquid crystal displays 
(LCDs), especially for large area displays. OLED has been 
demonstrated to be brighter, thinner, lighter, and faster than 
LCDs. Moreover it requires less poWer to operate, offers 
higher contrast and Wide vieWing angle (>165 degree), and 
has great potential to be cheaper to manufacture, especially 
the polymer-based LEDs (PLED). Today, OLED represents 
a very promising technology for ?at panel displays and are 
already appearing in consumer electronics such as car ste 
reos and cell phones. OLEDs are threatening to challenge 
LCDs as dominant ?at panel display in a broad range of 
portable electronics. According to Stanford Resources, a San 
Jose, Calif.-based consulting group, the global market for 
OLED displays is currently valued at $84 millions and is 
projected to reach 1 billion by 2005, and $1.6 billion by 
2007. 

[0005] The OLED technology has stimulated intensive 
research activities across all disciplines. Currently, great 
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efforts in materials research have been focused on novel 
materials for full-color ?exible displays. Full-color displays 
require three basic colors, red, green and blue, and ?exible 
substrates require loW temperature and easy processing of 
the organic materials. PLED devices shoW great promise in 
meeting both requirements, since the emission color can be 
tailored by modulation of the chemical structures and the 
solution processing alloWs for micro-patterning of the ?ne 
multicolor pixels via inkjet printing technique (Yang, Y. et 
al, J. Mater Sci. .' Mater. Elecron, 2000, 11, 89). HoWever, 
processable, stable, and ef?cient blue light emitting organic 
materials are still highly desirable to meet the challenge. 
Blue light requires Wide energy band. With blue light 
emitting polymers as primary materials, it is possible to 
produce other colors by a doWnhill energy transfer process. 
For instance, a green or red EL emission can be obtained by 
doping a blue EL host material With a small amount of green 
or red luminescent material. 

SUMMARY OF THE INVENTION 

[0006] It is an object of the present invention to provide 
novel highly ef?cient luminescent materials. 

[0007] It is another object of the present invention to 
provide Wide energy band gap luminescent materials. 

[0008] It is a further object of the present invention to 
provide novel processable materials for easy processing. 

[0009] These objects are achieved in an electrolumines 
cent device comprises an anode, a cathode, and organic 
luminescent materials disposed betWeen the anode and cath 
ode. The luminescent materials comprise a complex ?uorene 
structure represented by one of the folloWing formulae (I), 
(II), or (III). 

(1) 

(III) 
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[0010] wherein: 

[0011] X1, X2, X3, and X4 are individually the same or 
different and include a moiety containing CH or N; R1, R2, 
R3, and R4 are substituents each being individually hydro 
gen, or alkyl, or alkenyl, or alkynyl, or alkoxy of from 1 to 
40 carbon atoms; aryl or substituted aryl of from 6 to 60 
carbon atoms; or heteroaryl or substituted heteroaryl of from 
4 to 60 carbons; or F, C1, or Br; or a cyano group; or a nitro 
group; or R3, or R4 or both are groups that form fused 
aromatic or heteroaromatic rings. 

[0012] The present invention provides organic lumines 
cent materials With a number of advantages that include 
excellent solubility and thermal stability, good color tun 
ability, high efficiency and loW driving voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 illustrates in cross-section a basic structure 
of a EL; 

[0014] FIG. 2 illustrates the absorption and photo 
luminescence (PL) spectra of compound 231; 

[0015] FIG. 3 illustrates the EL spectrum of an EL device 
fabricated from compound 231; 

[0016] FIG. 4 illustrates the voltage-current density and 
luminance characteristics of a EL device fabricated from 
compound 231; 

[0017] FIG. 5 illustrates the absorption and photo 
luminescence (PL) spectra of compound 206; 

[0018] FIG. 6 illustrates the EL spectrum of an EL device 
fabricated from compound 206; and 

[0019] FIG. 7 illustrates the voltage-current density and 
luminance characteristics of a EL device fabricated from 
compound 206. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] The present invention provides highly efficient 
organic light-emitting materials comprising a complex ?uo 
rene structure With good color tunability, excellent solubility 
and thermal stability, and enhanced electron and/or hole 
transport ability. The complex ?uorene is represented by 
formulae (I), (II), or (III), X1, X2, X3, and X4 are individu 
ally the same or different and include a moiety containing 
CH or N; R1, R2, R3, and R4 are substituents each being 
individually hydrogen, or alkyl, or alkenyl, or alkynyl, or 
alkoxy of from 1 to 40 carbon atoms; aryl or substituted aryl 
of from 6 to 60 carbon atoms; or heteroaryl or substituted 
heteroaryl of from 4 to 60 carbons; or F, C1, or Br; or a cyano 
group; or a nitro group; or R3, or R4 or both are groups that 
form fused aromatic or heteroaromatic rings. 

[0021] For example, R1, R2, R3, and R4 are independently 
hydrogen, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
t-butyl, pentyl, hexyl, ethylhexyl, heptyl, octyl, nonyl, decyl, 
dodecyl, hexyadecyl, cyclohexyl, cyclopentyl, methoxy, 
ethoxy, butoxy, hexyloxy, ethylhexyloxy, methoxyethoxy 
ethyl, methoxyethyloxyethoxyethyl, phenyl, tolyl, nathphyl, 
xylene, anthracene, phenanthrene, phenylmethylenephenyl, 
benZyl, phenoxy, pyridyl, thiophenyl. R3, and R4 are groups 
that form fused aromatic or heteroaromatic rings such as 
naphthalene, anthracene, perylene, phenanthrene, pyrene, 
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tetracene, pentacene, triphenylene, and benZo[a]pyrene. 
Preferably, R1, R2, R3, and R4 are hydrogen, t-butyl, hexyl, 
2-ethylhexyl, octyl, 3,7-dimethyloctyl, decyl, heptyl, phe 
nyl, 2-ethylhexyloxy, or 4-methoxypheny; diphenylamino, 
(4-diphenylamino)phenyl; R3 forms fused aromatic 
anthracene, or perylene, or pyrene, phenanthrene, or tet 
racene, and R4 forms a naphthalene or anthracene; or R3, or 
R4 or both represent one or more than one substituents. 

[0022] The organic materials comprising the complex 
?uorene structure are small molecules or polymers, and can 
be used in a combination of tWo or more thereof. Small 
molecules include dendrimers and polymers include hyper 
branched architecture. 

[0023] Small molecules comprising the complex ?uorene 
structure are represented by formula (IV) 

(IV) 
(Y1)y1— complex fluorene— (Y2)y2 

(I), (II), or (III) 

[0024] Wherein Y1 and Y2 each individually represent a 
substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl, or 
heteroaryl or other conjugated groups, and y1 and y2 are 
integers from 0 to 6, and Y1 and Y2 are the same or different. 

[0025] Polymers comprising the complex ?uorene struc 
ture are represented by repeating units of formula (V) Which 
comprise the complex ?uorene structure as part of the 
polymer main chain and repeating units of formula (VI) 
Which comprise the complex structure as part of the polymer 
side chain. 

(V) 
complex fluorene—X5—Y1—X5 ; of 
(M1). or (In) 

(VI) 
—[-polymer rimin chain-]— 

complex fluorene (I),(II), or (III) 

[0026] Wherein: 

[0027] X5 and X6 are linking groups, Y1 and Y2 are 
each individually represented as a substituted or 
unsubstituted alkyl, alkenyl, alkynyl, aryl, or het 
eroaryl or other conjugated groups, and x, y1 and y2 
are integers from 0 to 6. 

[0028] Incorporating Y1 and Y2 units into the compounds 
comprising the complex ?uorene structure represented by 
formula (IV), (V), and (VI) can further improves solubility, 
or electron or hole transporting mobility, or ?nely tune the 
emission color. 

[0029] X5 and X6 each individually represent a linking 
group and include but are not limited to the folloWing 
groups: 
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[0030] Group 1: 

[0031] X5 and X6 are carbon-carbon bond linking groups: 

If T l 
— —C—> —C=C—;°r —CEC— 

| | | 
R R R 

[0032] wherein R is hydrogen, alkyl, alkynyl, or 
alkenyl group containing 1 to 40 carbon atoms; aryl 
or substituted aryl of containing 6 to 60 carbon atom 
s; or heteroaryl or substituted heteroaryl containing 4 
to 60 carbons; or F, Cl, or Br; or a cyano, or a nitro 

groups; 

[0033] Group II: 

[0034] X5 and X6 are ether or thioether linking groups: 

—O—; or 

_S_ 

[0035] Group III: 

[0036] X5 and X6 are ester linking groups: 

O O 

[0037] Group IV: 

[0038] X5 and X6 are anhydride linking groups: 

[0039] Group V: 

[0040] X5 and X6 are carbonate linking groups: 

[0041] Group VI: 

[0042] X5 and X6 are sulfone or sul?ne linking groups: 
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[0043] Group VII: 

[0044] X5 and X6 are an amine linking groups: 

[0045] 
[0046] Group VIII: 

[0047] X5 and X6 are arnide linking groups: 

Wherein R is de?ned as above. 

R O O R 

[0048] Group IX: 

[0049] X5 and X6 are urea linking groups: 

[0050] Group IX: 

[0051] X5 and X6 are aryl or heteroaryl linking groups: 

[0052] WhereinAr is an aryl or substituted aryl group 
containing 6 to 60 carbon atoms; or heteroaryl or 
substituted heteroaryl containing 4 to 60 carbons; n 
is an integer of from 1 to 6. 

[0053] X5 and X6 can be one or the combination of more 
than one of the above groups. 

[0054] Y1 and Y2 represents a substituted or unsubstituted 
alkyl, alkenyl, alkynyl, aryl, heteroaryl or other conjugated 
groups, and can be the same or different. 

[0055] Alkyl, alkenyl, and alkynyl groups contain 1 to 40 
carbon atoms; 

[0056] Substituted or unsubstituted aryl groups contain 6 
to 60 carbon atoms Which include phenyl, biphenyl, naph 
thyl, anthracene, ?uorene, phenanthrene, spirophenyl, 
perylene, or pyrene groups; 

[0057] Substituted or unsubstituted heteroaryl groups con 
tain 4 to 60 carbon atoms Which include pyridine, thiophene, 
pyrrole, bithiophene, furan, benZofuran, benZirnidaZole, 
benZoXaZole, quinoXaline, phenylquinoline, dipheyloXa 
diZaole, or carbaZole; 

[0058] All the substituents mentioned above include but 
are not limited to alkyl or alkoXy groups containing 1 to 40 
carbon atoms, aryl or substituted aryl containing 6 to 60 
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carbon atoms; or heteroaryl or substituted heteroaryl con 
taining 4 to 60 carbons; or F, C1, or Br; or a cyano group; or 
a nitro group. 

[0059] Y1 and Y2 can be divided into the following groups. 

[0060] Group I: 

[0061] Y1 and Y2 are alkyl, alkenyl, or alkynyl groups of 
formula (VII): 

—W— (VII) 

[0062] Wherein: 

[0063] W contains 1 to 28 carbon atoms, may also 
contains O, N, S, F, C1, or Br, or Si atoms. 

[0064] The folloWing structures constitute speci?c 
eXamples of formula (VII) 

[0065] Wherein: m is an integer from 1 to 6; 

(CH2)IICH3 

[0066] Wherein: q is an integer from 0 to 12; 

$113 
[0067] Wherein: X7 is a C, O, N, or S atom; 

(CH2)m— 

N 

—(CH2)m/ O 

tBu; 

CN 

CN 
(CH2)qCH3 

—(CH2)m—N—(CH2)m— ; or 

CH3(CH2)q (CH2MCH3 

—O O— ; 

O 

(CH2)mCH3 
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[0068] Group II: 

[0069] Y5 and Y6 are tWo aryl or heteroaryl groups con 
nected by a linking group Z of formula (VIII): 

—(Ar1)-Z-(Ar2)— (VIII) 

[0070] Wherein: 

[0071] Ar1 and Ar2 are substituted or unsubstituted 
aryl groups containing 6 to 60 carbon atoms, or 
heteroaryl groups containing 4 to 60 carbons; 

[0072] Z is a divalent linking groups containing 0 to 
40 carbon atoms, can contain N, Si, O, Cl, F, Br, or 
S atoms. 

constitute [0073] The folloWing structures 
eXamples of formula (VIII) 

speci?c 

[0074] Wherein: R is de?ned as above, and can represent 
more than one such substituent; 

R R R R 

[I \ —|— j; / I / _\\K 
/_ \ / |8 _ _ 

R1 

[0075] Wherein: X8 is C or Si; 
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[0076] wherein: p and r are integers from 1 to 4; 
-continued 

R1 / //m F v ' R, 

Rp/p R2 R ‘ 

[0077] Wherein: R5, and R6 are substituents each being 
individually hydrogen, or alkyl, or alkenyl, or alkynyl, or 
alkoXy of from 1 to 40 carbon atoms; aryl or substituted aryl 
of from 6 to 60 carbon atoms; or heteroaryl or substituted 

heteroaryl of from 4 to 60 carbons; or F, Cl, or Br; or a cyano 
group; or a nitro group; or 

[0078] Wherein: X9 is O or S atom, or N—R; 

0079 Grou III: P 

[0080] Y1 and Y2 are aryl or heteroaryl groups of formula 
(IX): 

\ _ . 
< . [0081] wherein. 

R1 I \ \/\ J p [0082] Ar is a substituted or unsubstituted aryl group With 

_ | 6 to 60 carbon atoms, or a substituted or unsubstituted 
/ / R2 . 

\ I heteroaryl group With 4 to 60 carbon atoms, and at least one 

R2 or more N, S, or O atoms. 

[0083] The folloWing structures constitute speci?c 
eXamples of formula (IX) 
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-continued 
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' : 10 is an O atom or two cyano 

\, 
X1 

X10 

[0084] Wherem X 
groups 
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-continued -continued 

R1 R2 

; Q ;Or 
R4 

R1 R2 

T N . 
_ :\ 7 

[ > I \\> X X1 
% / X7 4/ \ ' ' / m _ X3 X2 

‘1 q 

R3 
R1 R2 

R X X1 
3 I, 

X\ [0085] Y1 and Y2 can be one or the combination of more 

X4 Q ; than one of the above groups. 
[0086] The following molecular structures constitute spe 

R 
4 ci?c examples of preferred compounds satisfying the 

requirement of this invention: 

[0087] compound 1 R1=R2=n-heXyl, R7=H 

[0088] compound 2 R1=R2=n-octyl, R7=H 

[0089] compound 3 R1=R2=2-ethylheXyl, R7=n-heXyl 

[0090] compound 4 R1=n-heXyl, R2=2-ethylheXyl, 
R7=H 






















































































































