
US 20070003788A1 

(12) Patent Application Publication (10) Pub. No.: US 2007/0003788 A1 
(19) United States 

Tagami et al. (43) Pub. Date: Jan. 4, 2007 

(54) ORGANIC ELECTROLUMINESCENCE 
DEVICE 

(75) Inventors: Sanae Tagami, Sodegaura-shi (JP); 
Hidetsugu Ikeda, Sodegaura-shi (JP); 
Chishio HosokaWa, Sodegaura-shi (JP); 
Takashi Arakane, Sodegaura-shi (JP) 

Correspondence Address: 
C. IRVIN MCCLELLAND 
OBLON, SPIVAK, MCCLELLAND, MAIER & 
NEUSTADT, RC. 
1940 DUKE STREET 
ALEXANDRIA, VA 22314 (US) 

(73) Assignee: Idemitsu Kosan Co., Ltd., Chiyoda-ku 
(JP) 

(21) Appl. No.: 11/397,561 

(22) Filed: Apr. 5, 2006 

Related US. Application Data 

(60) Continuation of application No. 11/159,390, ?led on 
Jun. 23, 2005, noW abandoned, Which is a continua 
tion of application No. 10/847,307, ?led on May 18, 
2004, noW abandoned, Which is a division of appli 

cation No. 09/675,201, ?led on Sep. 29, 2000, noW 
Pat. No. 6,815,090. 

(30) Foreign Application Priority Data 

Sep. 30, 1999 (JP) ..................................... .. 279462/1999 

Publication Classi?cation 

(51) Int. Cl. 
H01L 51/54 (2007.01) 
H05B 33/12 (2007.01) 

(52) US. Cl. ....................... .. 428/690; 428/917;313/504; 

313/506; 257/40; 257/102; 
257/E51 

(57) ABSTRACT 

An organic electroluminescence device Which exhibits an 
excellent purity of color and a high ef?ciency of light 
emission, has a long life and emits reddish light and a novel 
compound having these characteristics are provided. The 
organic electroluminescence device comprises an organic 
layer disposed between at least one pair of electrodes, 
Wherein the organic layer comprises a compound having a 
?uoranthene skeleton structure substituted at least With an 
amine group or an alkenyl group. 



Patent Application Publication Jan. 4, 2007 Sheet 1 0f 3 US 2007/0003788 A1 



Patent Application Publication Jan. 4, 2007 Sheet 2 0f 3 US 2007/0003788 A1 

95 

PPM 

IIIIIIIIIIIIIIIIIIIIIIIIIIIII1 6.5 7.0 

7.5 Fig. 2 

8.0 

L ppm 8.5 

IIITYTITIYI'T‘IIII‘I1I1IIIIIIIIIIFIIIIIIIIYIIIIIIllllllllllllllll‘ljYIlI'll 



Patent Application Publication Jan. 4, 2007 Sheet 3 0f 3 US 2007/0003788 A1 

6.4 

5.8 

I4 

7.8 

8.0 



US 2007/0003788 A1 

ORGANIC ELECTROLUMINESCENCE DEVICE 

TECHNICAL FIELD 

[0001] The present invention relates to an organic elec 
troluminescence device Which is used as a light source such 
as a planar light emitting member of televisions and a back 
light of displays, exhibits an excellent purity of color and a 
high ef?ciency of light emission, has a long life and emits 
reddish light and to a novel compound having these char 
acteristics. 

BACKGROUND ART 

[0002] Electroluminescence (referred to as EL, hereinaf 
ter) devices using organic compounds are expected to be 
used for inexpensive full color display devices of the solid 
light emission type Which can display a large area and 
development thereof has been actively conducted. In gen 
eral, an EL device is constituted With a light emitting layer 
and a pair of electrodes faced to each other at both sides of 
the light emitting layer. When a voltage is applied betWeen 
the electrodes, electrons are injected at the side of the 
cathode and holes are injected at the side of the anode. The 
electrons are combined With the holes in the light emitting 
layer and an excited state is formed. When the excited state 
returns to the normal state, the energy is emitted as light. 

[0003] Although the practical application of organic EL 
devices has started recently, devices for full color displays 
are still under development. In particular, a material for 
organic EL devices Which exhibits an excellent purity of 
color and a high e?iciency of light emission, has a long life 
and emits reddish light has been desired. 

[0004] In an attempt to satisfy the above desire, a device 
emitting red light in Which a derivative of naphthacene or 
pentacene is added to a light emitting layer is disclosed in 
Japanese Patent Application Laid-Open No. Heisei 8(l996) 
311442. Although this device exhibits an excellent purity of 
red light, the device exhibits an ef?ciency of light emission 
as loW as 0.7 lm/W and has an insuf?cient average life Which 
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is shorter than 150 hours. An average life of at least several 
thousand hours is necessary for practical applications. A 
device in Which a compound derived from dicyanomethyl 
ene (DCM) is added to a light emitting layer is disclosed in 
Japanese Patent Application Laid-Open No. Heisei 3(1 991) 
162481. HoWever, this device exhibits an insufficient purity 
of red light. In Japanese Patent Application Laid-Open Nos. 
Heisei 10(1998)-340782 and Heisei 1l(l999)-40360, 
organic EL devices using ?uoranthene compounds are dis 
closed. HoWever, the devices using the compounds dis 
closed in the above patent applications do not emit yelloW to 
red light. The ef?ciency of light emission is as small as 4 
cd/A or smaller and insuf?cient. 

DISCLOSURE OF THE INVENTION 

[0005] The present invention has been made to overcome 
the above problems and has an object of providing an 
organic EL device Which exhibits an excellent purity of 
color and a high ef?ciency of light emission, has a long life 
and emits reddish light and a novel compound having these 
characteristics. 

[0006] As the result of extensive studies by the present 
inventors to develop an organic electroluminescence device 
(referred to as an organic EL device, hereinafter) having the 
above advantageous properties, it Was found that the object 
can be achieved by using a compound having a ?uoranthene 
skeleton structure substituted at least With an amine group or 
an alkenyl group as the light emitting material. 

[0007] The organic electroluminescence device of the 
present invention comprises an organic layer disposed 
betWeen at least one pair of electrodes, Wherein the organic 
layer comprises a compound having a ?uoranthene skeleton 
structure substituted at least With an amine group or an 

alkenyl group. 

[0008] It is preferable that the above compound is a 
compound selected from compounds represented by the 
folloWing general formulae [1] to [18]: 
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-continued 
[12] 

wherein X1 to X20 each independently represents hydrogen 

atom, a linear, branched or cyclic alkyl group having 1 to 20 

carbon atoms, a linear, branched or cyclic alkoxy group 

having 1 to 20 carbon atoms, a substituted or unsubstituted 

aryl group having 6 to 30 carbon atoms, a substituted or 

unsubstituted aryloxy group having 6 to 30 carbon groups, 

a substituted or unsubstituted arylamino group having 6 to 

30 carbon atoms, a substituted or unsubstituted alkylamino 

group having 1 to 30 carbon atoms, a substituted or unsub 

stituted arylalkylamino group having 7 to 30 carbon atoms 

or a substituted or unsubstituted alkenyl groups having 8 to 

30 carbon atoms; a pair of adjacent groups represented by X1 

to X20 and a pair of adjacent substituents to groups repre 

sented by X1 to X20 may form a cyclic structure in combi 

nation; When a pair of adjacent substituents are aryl groups, 

the pair of substituents may be a single group; and at least 

one of substituents represented by X1 to X, i representing a 

number of 12 to 20, comprises an amine group or an alkenyl 

group; 

[15] 
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wherein R1 to R4 each independently represent an alkyl 
group having 1 to 20 carbon atoms or a substituted or 

unsubstituted aryl group having 6 to 30 carbon atoms; in one 
or both of a pair of groups represented by R1 and R2 and a 
pair of groups represented by R3 and R4, the groups forming 
the pair may be bonded through iOi or iSi; R5 to R16 
represents hydrogen atom, a linear, branched or cyclic alkyl 
group having 1 to 20 carbon atoms, a linear, branched or 

cyclic alkoxy group having 1 to 20 carbon atoms, a substi 
tuted or unsubstituted aryl group having 6 to 30 carbon 
atoms, a substituted or unsubstituted aryloxy group having 
6 to 30 carbon groups, a substituted or unsubstituted ary 

lamino group having 6 to 30 carbon atoms, a substituted or 

unsubstituted alkylamino group having 1 to 30 carbon 
atoms, a substituted or unsubstituted arylalkylamino group 

having 7 to 30 carbon atoms or a substituted or unsubstituted 

alkenyl groups having 8 to 30 carbon atoms; a pair of 
adjacent groups represented by R5 to R16 and a pair of 
adjacent substituents to groups represented by R5 to R16 may 
form a cyclic structure in combination; and at least one of 
substituents represented by R5 to R16 comprises an amine 
group or an alkenyl group. 

[0009] The novel compound of the present invention is a 
compound represented by any of the above general formulae 
[1] to [18]. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 shoWs the 1H-NMR spectrum ofan example 
of the novel compound of the present invention. 

[0011] FIG. 2 shoWs the 1H-NMR spectrum of another 
example of the novel compound of the present invention. 

[0012] FIG. 3 shoWs the 1H-NMR spectrum of still 
another example of the novel compound of the present 
invention. 

THE MOST PREFERRED EMBODIMENT TO 
CARRY OUT THE INVENTION 

[0013] The organic electroluminescence device of the 
present invention comprises an organic layer disposed 
betWeen at least one pair of electrodes, Wherein the organic 
layer comprises compounds having a ?uoranthene skeleton 
structure substituted at least With an amine group or an 

alkenyl group. 

[0014] This compound is a novel compound and is rep 
resented by any of the above general formulae [1] to [18]. 

[0015] In general formulae [1] to [16], X1 to X20 each 
independently represents hydrogen atom, a linear, branched 
or cyclic alkyl group having 1 to 20 carbon atoms, a linear, 
branched or cyclic alkoxy group having 1 to 20 carbon 
atoms, a substituted or unsubstituted aryl group having 6 to 
30 carbon atoms, a substituted or unsubstituted aryloxy 

group having 6 to 30 carbon groups, a substituted or 

unsubstituted arylamino group having 6 to 30 carbon atoms, 
a substituted or unsubstituted alkylamino group having 1 to 
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30 carbon atoms, a substituted or unsubstituted arylalky 
lamino group having 7 to 30 carbon atoms or a substituted 

or unsubstituted alkenyl groups having 8 to 30 carbon 
atoms; a pair of adjacent groups represented by X1 to X20 
and a pair of adjacent substituents to groups represented by 
X1 to X20 may form a cyclic structure in combination; When 
a pair of adjacent substituents are aryl groups, the pair of 
substituents may be a single group; and at least one of 

substituents represented by X1 to X, i representing a number 
of 12 to 20, comprises an amine group or an alkenyl group. 

That a pair of adjacent substituents may be a single group 
When the pair of adjacent substituents are aryl groups means 
that the adjacent bonds for the pair of substituents are 
bonded to the same single divalent aromatic ring group. 

[0016] In general formulae [17] and [18], R1 to R4 each 
independently represent an alkyl group having 1 to 20 
carbon atoms or a substituted or unsubstituted aryl group 

having 6 to 30 carbon atoms; in one or both of a pair of 

groups represented by R1 and R2 and a pair of groups 
represented by R3 and R4, the groups forming the pair may 
be bonded through ‘Of or iSi; R5 to R16 represents 
hydrogen atom, a linear, branched or cyclic alkyl group 
having 1 to 20 carbon atoms, a linear, branched or cyclic 
alkoxy group having 1 to 20 carbon atoms, a substituted or 

unsubstituted aryl group having 6 to 30 carbon atoms, a 
substituted or unsubstituted aryloxy group having 6 to 30 
carbon groups, a substituted or unsubstituted arylamino 

group having 6 to 30 carbon atoms, a substituted or unsub 

stituted alkylamino group having 1 to 30 carbon atoms, a 
substituted or unsubstituted arylalkylamino group having 7 
to 30 carbon atoms or a substituted or unsubstituted alkenyl 

groups having 8 to 30 carbon atoms; a pair of adjacent 
groups represented by R5 to R16 and a pair of adjacent 
substituents to groups represented by R5 to R16 may form a 
cyclic structure in combination; and at least one of substitu 
ents represented by R5 to R16 comprises an amine group or 
an alkenyl group. 

[0017] Preferable compounds among the compounds rep 
resented by general formulae [1] to [18] are shoWn in the 
folloWing. 

[0018] It is preferable that the ?uoranthene skeleton struc 
ture comprises at least 5 condensed rings and more prefer 
ably at least 6 condensed rings. By using the compounds 
having this structure, light having a longer Wave length such 
as yelloWish to reddish light can be emitted. 

[0019] It is preferable that the ?uoranthene skeleton struc 
ture is substituted With an amino group. By using the 
compound having this structure, a light emitting material 
having a longer life can be obtained. 

[0020] It is preferable that the amino group is a substituted 
or unsubstituted arylamino group and more preferably a 

substituted or unsubstituted diarylamino group. By using the 
compound having this structure, a device shoWing a smaller 
decrease in the light emission at increased concentrations of 
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the compound and exhibiting a high e?iciency can be 
obtained even When the above compound is added to the 

light emitting layer in a concentration as high as 2% or 

higher. 

[0021] It is preferable that the above compound has a 
symmetric structure having an axial symmetry or a symme 
try With respect to plane. By using the compound having this 
structure, durability of the device is improved and the 
quantum ef?ciency of ?uorescence is enhanced. 

[0022] It is preferable that the above compound has at 
least ten six-membered rings or ?ve-membered rings. The 
compound has a glass transition temperature of 100° C. or 
higher due to this structure and heat stability of a layer 
composed of or comprising this compound is improved. It is 
preferable that the above compound has an aryl group, a 
cyclic alkyl group, an aryloxy group, an arylthio group or an 
arylalkyl group each having 4 or more carbon atoms. Since 

these groups exhibit steric hindrance and the decrease in the 
light emission at increased concentrations of the compound 
can be prevented. 

[0023] It is preferable that, in general formulae [17] and 
[18], R15 and R9 each represent a group having a substituent. 
When the compound represented by general formula [17] or 
[18] has this structure, the compound has an improved 
stability against oxidation and reduction and the life of the 
device can be extended. 

[0024] When the ?uoranthene skeleton structure is substi 
tuted With tWo amino groups, tWo alkenyl groups or a 

combination of an amino group and an alkenyl group, the 
compound having this ?uoranthene skeleton structure has 
isomers. 

[0025] Examples of the isomers are described in the case 
Where the ?uoranthene skeleton structure is 7,14-dipheny 
lacenaphtho[1 ,2 -k] ?uoranthene. 

[0026] Dibromo-sub stituted acenaphtho[1 ,2-k]?uoran 
thene has tWo isomers, i.e., 3,10-dibromo-7,14-dipheny 
lacenaphtho[1,2-k]?uoranthene (isomer A) and 3,11-di 
bromo-7,14-diphenylacenaphtho[1 ,2-k]?uoranthene 
(isomer B). 
[0027] The ?nal product obtained from isomer A and 
isomer B as the intermediates contains an amino-substituted 

compound derived from isomer A and an amino-substituted 
compound derived from isomer B. When the ?nal product is 
prepared, the relative amounts of isomer A and isomer B 
contained in the ?nal product is different depending on the 
process of the preparation. (1) The dibromo-substituted 
compounds may be obtained from a solution portion of a 
reaction mixture in Which the dibromo-substituted com 

pounds are dissolved. (2) The dibromo-substituted com 
pounds may also be obtained from precipitates formed by 
recrystallization from a solution Which is obtained by dis 
solving the product obtained above from the solution portion 
of the reaction mixture. (3) The dibromo-substituted com 
pounds may also be obtained from the solution left after the 
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above recrystallization. By suitably selecting the process 
and the type of the solvent used for the treatment, the object 
compound containing various amounts of isomer A and 
isomer B and, speci?cally, having a ratio of the amount by 
mole of isomer A to the amount in mole of isomer B in the 

range of 10:90 to 90:10, can be obtained. 

[0028] It is preferable that the error in the ratio of the 
amounts by mole of the isomers is: (i) isomer A:isomer 
B=x:10:y:10 (x+y=l00) and more preferably (ii) isomer 
A:isomer B=x:5:y:5 (x+y=l00). When the relation (i) is 
satis?ed, the ratio of the amounts of the isomers Will be 
described as approximately constant and, When the relation 
(ii) is satis?ed, the ratio of the amounts of the isomers Will 
be described as constant, hereinafter. 

[0029] When the above compound of the present invention 
has isomers, a plurality of isomers can be comprised in the 
organic layer. It is preferable that the device is prepared 
under the condition that the ratio of the amounts of the 

isomers is kept approximately constant or constant. By 
preparing the device in this manner, the spectrum of the light 
emitted from the device can be kept the same. In other 

Words, the color of the emitted light can be kept the same. 
Moreover, the color of the emitted light can be changed by 
changing the ratio of the amounts of the isomers. Naturally, 
the organic layer may comprise a single compound With 
exclusion of any other isomers. 

[0030] When a compound contains isomers as described 
above, one of the isomers can emit light having a longer 
Wavelength than that of light emitted from other isomers. 
Therefore, light having a longer Wavelength such red light 
can be emitted When the ratio of the amount by mole of the 
isomer Which can emit light having a longer Wavelength to 
the amount by mole of the isomer Which can emit light 
having a shorter Wavelength is preferably in the range of 
90:10 to 60:40 and more preferably in the range of 99:1 to 
70:30. 

[0031] Taking advantage of the difference in the chemical 
shift in lH-NMR betWeen the isomers, the ratio of the 
amounts of the isomers can be calculated from the ratio of 
the areas of peak signals assigned to each isomer. 

[0032] It is preferable that the organic layer is at least one 
of a hole transportation layer and a light emitting layer. 

[0033] A layer of an inorganic compound may be disposed 
betWeen the organic layer and the electrode. 

[0034] The organic EL device of the present invention 
emits reddish light. 

[0035] Examples of the compounds represented by gen 
eral formulae [1] to [18] of the present invention include 
(A-1) to (A-18) and (B-1) to (B-17) Which are shoWn in the 
folloWing. HoWever, the present invention is not limited to 
these compounds shoWn as the examples. In the formulae 
shoWn in the folloWing, Me means methyl group and Et 
means ethyl group. 
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