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FIG. 1

ITO/TPD/CBZ1+Ir ( ppy );/BCP/Alq;/MgAg/Ag
, ( 110/50/20 [ 6wt% ]/10/30/100/10 ( nm ))
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FIG. 2

ITO/TPD/CBZ1+r ( ppy ),/BCP/Alqy/MgAg/Ag
o ( 110/50/20 [ 6wt% 1/10/30/100/10 ( nm ))
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FIG. 3

ITO/TPD/CBZ1+Ir ( ppy ),/BCP/Alq,/MgAg/Ag
o ( 110/50/20 [ 6wt% 1/10/30/100/10 ( nm ))
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FIG. 4

ITO/TPD/CBZ2+Ir ( ppy ),/BCP/Alqy/MgAg/Ag
0? ( 110/50/20 [ 6wt% 1/10/30/100/10 ( nm ))
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FIG. 5

ITO/TPD/CBZ2+Ir ( ppy );/BCP/Algy/MgAg/Ag
, (110750720 [ 6wt 1/10/30/100/10 ( nm ))
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FIG. 7

ITO/TPD/CBZ3+Ir ( ppy );/BCP/Alq;/MgAg/Ag
e (110/50/20 [ 6wt% ]/10/30/100/10 ( nm ))
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FIG. 8

ITO/TPD/CBZ3+r ( ppy ),/BCP/Alq;/MgAg/Ag
, (110/50/20 [ 6wt% 1/10/30/100/10 ( nm )
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FIG. 9

ITO/TPD/CBZ3+Ir ( ppy ),/BCP/Alq,/MgAg/Ag
¢ (110/50/20 [ 6wt% 1/10/30/100/10 ( nm )
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FIG. 10

ITO/TPD/CBZ4+Ir ( ppy )/ BCP/Alg,/MgAg/Ag
0 (110/50/20 [ 6wt% 1/10/30/100/10 ( nm ))
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FIG. 11

ITO/TPD/CBZ4+Ir ( ppy );/BCP/Alqy/MgAg/Ag
. (110/50/20 [ 6wt% 1/10/30/100/10 ( nm ))
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FIG. 12

ITO/TPD/CBZ4+Ir ( ppy );/BCP/Alq;/MgAg/Ag
o (110/50/20 [ 6wt% 1/10/30/100/10 ( nm ))
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FIG. 13

ITO/TPD/CBZ5+Ir ( ppy ),/BCP/Alqy/MgAg/Ag
o (110/50/20 [ 6wt% 1/10/30/100/10 ( nm ))
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FIG. 14

ITO/TPD/CBZ5+Ir ( ppy );/BCP/Alq,/MgAg/Ag
, (110/50/20 [ 6wt% 1/10/30/100/10 ( nm ))
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FIG. 15

ITO/TPD/CBZ5+Ir ( ppy ),/BCP/Algy/MgAg/Ag
; (110/50/20 [ 6wt% 1/10/30/100/10 ( nm ))
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FIG. 16

ITO/TPD/CBZ6+Ir ( ppy );/BCP/Alg/MgAg/Ag
0? ( 110/50/20 [ 6wt% 1/10/30/100/10 ( nm ))

- T TTTTHY UL BLRALLIY LELLRALLLIS LIBLBLSLRALLL | LI 1 ?

10 ¢

10' £ :

EXTERNAL QE (%)
T rT 2 T o'll
J

107 Lt vvsnt i vl
10

-2 2 4

10 10° 10 10° 100 10
CURRENT DENSITY ( mA/cm?)



U.S. Patent Jun. 29,2010  Sheet 9 of 32 US 7,745,988 B2

FIG. 17

ITO/TPD/CBZ6+Ir  ppy )3/BCP/Algy/MgAg/Ag
( 110/50/20 [ 6wt% 1/10/30/100/10 ( nm )
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FIG. 19

ITO/TPD/CBZ7+Ir ( ppy )/ BCP/Alg,/MgAg/Ag
0? (110/50/20 [ 6wt% 1/10/30/100/10 ( nm ))
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FIG. 20

ITO/TPD/CBZ7+Ir ( ppy );/BCP/Alq,/MgAg/Ag
o (110/50/20 [ 6wt% 1/10/30/100/10 ( nm ))
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FIG. 21

ITO/TPD/CBZ7+r ( ppy ),/BCP/Alq;/MgAg/Ag
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FIG. 22

ITO/TPD/CBZ8+r ( ppy ),/BCP/Algy/MgAg/Ag
, (110/50/20 [ 6wt% 1/10/30/100/10 { nm )
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FIG. 23

[TO/TPD/CBZ8+r ( ppy )/ BCP/Algy/MgAg/Ag
( 110/50/20 [ 6wt% 1/10/30/100/10 ( nm )
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FIG. 25

ITO/TPD/CBZ11+r ( ppy ),/BCP/Alq;/MgAg/Ag
, (110/50/20 [ 6wt% 1/10/30/100/10 ( nm ))
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FIG. 26

ITO/TPD/CBZ11+Ir ( ppy );/BCP/Algy/MgAg/Ag
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FIG. 27

ITO/TPD/CBZ11+r ( ppy ),/BCP/Algs/MgAg/Ag
106 (110/50/20 [ 6wt% 1/10/30/100/10 ( nm ))
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FIG. 28

ITO/TPD/CBZ12+Ir ( ppy ),/BCP/Algs/MgAg/Ag
, (110/50/20 [ 6wt% 1/10/30/100/10 (nm ))
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FIG. 29

ITO/TPD/CBZ12+Ir  ppy ),/ BCP/Algs/MgAg/Ag
] ( 110/50/20 [ 6wt% 1/10/30/100/10 ('nm ))

: 10 T T T T TTTTT T T—T-T v vrrry T lg
& 10° .
by 3
< 102 L
e 10
> 100
g 9
E 10 :

_2 -;
c 10_3
W 10 : !

-4
e 10 © F
8 107 °o ° 99, ﬁ:‘é ]

_5 1 | S Llll 1 11 1111 1

10,47 10° 10
VOLT (V)

ITO/TPD/CBZ12+Ir ( ppy )3/BCP/Alqy/MgAg/Ag
o ( 110/50/20 [ 6wt% 1/10/30/100/10 (nm )

AR LAY SN R SL O} =TT

—h
o
wn
LA02. an an B )
d

-+

—

o
]
d

w
m ¥

LUMINANCE ( cd/m?)
=

10 3
1 0
0 -
10 ico 3
4
100 iaaaand e g aaaaul Lo aaunl a1y N ETRCI AR R EIT)

107 100 10° 10" 100 10° 10
CURRENT DENSITY ( mA/cm?)

4



U.S. Patent Jun. 29,2010  Sheet 16 of 32 US 7,745,988 B2

FIG. 31

ITO/TPD/CBZ13+Ir ( ppy );/BCP/Alg,/MgAg/Ag
, (110/50/20 [ 6wt% 1/10/30/100/10 ( nm ))
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FIG. 32

ITO/TPD/GBZ13+r ( ppy ),/BCP/Algy/MgAg/Ag
, (110/50/20 [ 6wt% 1/10/30/100/10 ('nm ))
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FIG. 33

ITO/TPD/CBZ13+r ( ppy ),/BCP/Algy/MgAg/Ag
o ( 110/50/20 [ 6wt% 1/10/30/100/10 ( nm ))
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FIG. 34

ITO/TPD/CBZ14+Ir ( ppy );/BCP/Alg;/MgAg/Ag
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FIG. 39

ITO/TPD/CBZ14+Ir ( ppy ),/BCP/Alg;/MgAg/Ag
5 (110/50/20 [ 6wt% 1/10/30/100/10 ('nm )
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FIG. 37

ITO/TPD/CBZ16+Ir ( ppy );/BCP/Algy/MgAg/Ag
, (110/50/20 [ 6wt% 1/10/30/100/10 (nm ))
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FIG. 38

ITO/TPD/CBZ16+r ( ppy );/BCP/Alq,/MgAg/Ag
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FIG. 39
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FIG. 40

ITO/TPD/CBZ18+Ir ( ppy ),/BCP/Alq,/MgAg/Ag
, (110/50/20 [ 6wt% 1/10/30/100/10 ( nm ))
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FIG. 41

ITO/TPD/CBZ19+Ir ( ppy ),/BCP/Alqy/MgAe/Ag
, (110/50/20 [ 6wt 1/10/30/100/10 ( nm )
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FIG. 43

ITO/TPD/CBZ20+Ir ( ppy ),/BCP/Alq;/MgAg/Ag
( 110/50/20 [ 6wt% 1/10/30/100/10 ( nm ))
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FIG. 45

ITO/TPD/CBZ20+r ( ppy ),/BCP/Alg,/MgAg/Ag
5 (110/50/20 [ 6wt% 1/10/30/100/10 (nm ))
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ITO/TPD/CBZ21+Ir ( ppy );/BCP/Alqy/MgAg/Ag
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10 - LIRLLRERLL] LR BLLALLL] LEIRRRRLL LB LI T U T T T TV
3 -

EXTERNAL Q.E (%)

10-1 sz_n_umu__ix_u_umLTu_unm 11 Ll 21 ||u1u1_§_|_|_|_|_u,|J
10 10 10 10 10 10 10
CURRENT DENSITY ( mA/cm?)

4



U.S. Patent Jun. 29,2010  Sheet 24 of 32 US 7,745,988 B2

FIG. 47

ITO/TPD/CBZ21+Ir  ppy );/BCP/Algs/MgAg/Ag
, (110/50/20 [ 6wt% 1/10/30/100/10 ('nm ))
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FIG. 49

ITO/TPD/CBZ22+Ir ( ppy ),/BCP/Alq;/MgAg/Ag
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FIG. 51

ITO/TPD/CBZ22+r ( ppy ),/BCP/Alqy/MgAg/Ag
o ( 110/50/20 [ 6wt% 1/10/30/100/10 ( nm ))
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ITO/TPD/CBZ24+Ir ( ppy );/BCP/Alq,/MgAg/Ag
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ITO/TPD/CBZ24+Ir ( ppy ),/BCP/Alq;/MgAg/Ag
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ITO/TPD/CBZ24+Ir  ppy );/BCP/Alq;/MgAg/Ag
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FIG. 56

Glass/ITO ( 110nm )/TPD ( 50nm ) CZBX:r ( ppy )3 /( 20nm )/
BCP ( 10nm )/Alg, ( 30nm )/MgAg ( 100nm )/Ag ( 10nm )
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FIG. 57

Glass/ITO ( 110nm )/TPD ( 50nm ) CZBX:r ( ppy )5 /( 20nm )/
BCP ( 10nm )/Alq, ( 30nm )/MgAg ( 100nm )/Ag ( 10nm )
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FIG. 58
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FIG. 59
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3, 6-DIPHENYLCARBAZOLE COMPOUND
AND ORGANIC ELECTROLUMINESCENT
DEVICE

BACKGROUND OF THE INVENTION

1. Field of the lnvention

The present invention relates to a carbazole compound and
a new organic electroluminescent device. In particular, the
present invention relates to a 3,6-diphenylcarbazole com-
pound which realizes an organic electroluminescent device
having high durability and high luminous efficiency and an
organic electroluminescent device including the same. Fur-
ther, the 3,6-diphenylcarbazole compound of the present
invention can be applied to other fields such as photoelectric
conversion devices and charge transporting materials for
organic photosensitive elements.

2. Discussion of the Background

Organic thin film electroluminescent devices have been
noted because of having the following advantages:

(1) viewing angle is wide, and visibility is high because the
devices are a self-luminescent device; and

(2) space can be saved because the devices are a thin film type
perfectly solid device.

Therefore, in recent years, research on commercialization
thereof'has been conducted. However, there are the following
problems to be overcome at the present time:

(1) the energy conversion efficiency and the Iuminescent
quantum efficiency have been further improved; and

(2) the stability of the organic thin film with time (i.e., dura-
bility of the device) has to be further improved.

Organic electroluminescent devices through the use of
low-molecular materials and through the use of polymers
have been reported up to now. With respect to the low-mo-
lecular material systems, -realization of increases in effi-
ciency due to adoption of various laminated structures and an
improvement of the durability by appropriately controlling a
doping method have been reported. However, in the case ofan
aggregate of low molecular materials, it is reported that
change in the state of film occurs with a long time and,
therefore, there is an essential problem in the stability of the
film.

In contrast, with respect to polymer based materials,
researches have been intensely performed primarily on PPV
(poly-p-phenylenevinylene)-based devices, poly-thiophene
based devices, and the like. However, these systems have
drawbacks in that it is difficult to increase the purity, and the
fluorescent quantum yield is essentially low. Therefore, any
high performance organic electroluminescent device has not
been-produced under the present circumstances. In consider-
ation that polymer materials in a glass state is essentially
stable, an excellent organic electroluminescent device can be
provided if a high fluorescent quantum yield can be imparted
to the polymer materials. As described above, it is known that
organic electroluminescent devices through the use of low-
molecular materials and through the use of polymers have
advantages as well as drawbacks.

Recently, research has also been intensely performed on
the improvement of efficiency through the use of triplet exci-
tons (refer to T. Tsutsui et al., Jpn. J. Appl. Phys. Vol. 38,
L1502 (1999); and C. Adachi, M. A. Baldo, S. R. Forrest and
M. E. Thompson, Appl. Phys. Lett., Vol. 77, 904 (2000), and
the like), and it has been made clear that the luminous efficacy
has been improved significantly. 1n addition, reports on host
materials used for luminescent layers have been increased.
Among them, typical examples of host materials include 4,4'-
bis(carbazolyl-9)biphenyl (CBP) represented by the formula
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described below. However, it has been made clear from the
following research that crystallization of CBP has proceeded
in the luminescent layer, resulting in shortening of the life of
the device (refer to W0O01/72927 Al, for example).

NN .

In attempting to avoid this problem, researches on carba-
zole compounds in place of CBP have been described in
WO001/72927 A1, Japanese Unexamined Patent Application
Publication No. 9-310066, and the like. Furthermore,
researches on methods for synthesizing carbazole com-
pounds and electrochemical behaviors of the carbazole com-
pounds have also been performed (refers to M. Park et al.,
Tetrahedron 54 (1998) 12707 to 12714, W. Laum et al., Jour-
nal fuer Praktische Chemie (Leipzig) 317 (6) (1975) 995 to
1004, and the like). However, every compound described
above does not have a desired durability and luminous effi-
ciency.

SUMMARY OF THE INVENTION

The present invention has been made in consideration of
the present circumstances of the above-described known
technology. Accordingly, it is an object of the present inven-
tion to provide a new carbazole compound, which is a mate-
rial for realizing an organic electroluminescent device having
high durability and high luminous efficiency.

Another object of the present invention is to provide an
organic electroluminescent device, which has high luminous
efficiency and high durability.

Briefly these objects and other objects of the present inven-
tion as hereinafter will become more readily apparent can be
attained by a 3,6-diphenylcarbazole compound (hereinafter
referred to as a 3,6-diphenylcarbazole derivative) represented
by the following formula (1):

@

wherein R | and R, independently represent a hydrogen atom,
a substituted or unsubstituted alkyl group, a substituted or
unsubstituted alkoxy group, or an aryl group which may have
a halogen atom or a substituent, and R and R, independently
represent a hydrogen atom, a substituted or unsubstituted
alkyl group, or an aryl group which may have a substituent.

Alternatively the 3,6-diphenylcarbazole detivative may be
a compound which is produced by a reaction of the 3,6-
diphenylcarbazole derivative according to the above-de-
scribed first aspect and a halogenated aryl and which is rep-
resented by the following formula (11):
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wherein R, and R, independently represent a hydrogen atom,
a substituted or unsubstituted alkyl group, a substituted or
unsubstituted alkoxy group, or an aryl group which may have
ahalogen atom or a substituent, R represents a substituted or
unsubstituted alkyl group or an aryl group which may have a
substituent, and R; and R, independently represent a hydro-
gen atom, a substituted or unsubstituted alkyl group, or an
aryl group which may have a substituent.

With respect to the 3,6-diphenylcarbazole derivative hav-
ing formula (II), the derivative preferably has the following
formula (I11) or (VI):

)

wherein R, R, and R, independently represent a hydrogen
atom, a substituted or unsubstituted alkyl group, a substituted
or unsubstituted alkoxy group, or an aryl group which may
have a halogen atom or a substituent and R, and R, indepen-
dently represent a hydrogen atom, a substituted or unsubsti-
tuted alkyl group, or an aryl group which may have a sub-
stituent; or

)
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wherein R;, R, and R independently represent a hydrogen
atom, a substituted or unsubstituted alkyl group, a substituted
or unsubstituted alkoxy group, or an aryl group which may
have a halogen atom or a substituent.

Furthermore, as a result of the inventors’ intensive
research, it is found out that an organic electroluminescent
device including an organic layer containing a 3,6-diphenyl-
carbazole derivative represented by formula (IT) has an excel-
lent electroluminescent property.

As the second aspect of the present invention, an organic
electroluminescent device is provided which includes at least
one layer including a luminescent layer formed between an
anode and a cathode facing each other, wherein a 3,6-diphe-
nylcarbazole derivative represented by the following formula
(IT) is contained in the at least one layer:

(I

wherein R, and R, independently represent a hydrogen atom,
a substituted or unsubstituted alkyl group, a substituted or
unsubstituted alkoxy group, or an aryl group which may have
ahalogen atom or a substituent, R represents a substituted or
unsubstituted alkyl group or an aryl group which may have a
substituent, and R and R, independently represent a hydro-
gen atom, a substituted or unsubstituted alkyl group, or an
aryl group which may have a substituent.

Alternatively, the at least one layer includes the lumines-
cent layer and a hole transporting layer including a 3,6-diphe-
nylcarbazole derivative represented by formula (ID).

Alternatively, the luminescent layer includes a 3,6-diphe-
nylcarbazole derivative represented by formula (I1).

Alternatively, the at least one layer includes the lumines-
cent layer and an electron transporting layer including a 3,6-
diphenylcarbazole derivative represented by formula (II).

Alternatively, the at least one layer includes a hole trans-
porting layer, the luminescent layer, and an electron trans-
porting layer, wherein the luminescent layer includes a 3,6-
diphenylcarbazole derivative represented by formula (II)
which serves as a host material. The luminescent layer pref-
erably includes an iridium complex as a guest material.

In electroluminescent device, it is known that carbazole
compounds have both a hole transportability and an electron
transferability (i.e., a bipolar property). The above-men-
tioned compound of the present invention has also the same
property. By changing the substituents (electron accepting
substituents or electron donating substituents) of the 3,6-
diphenylcarbazole compound, the resultant compounds can
also be used for the hole-transporting layer and the electron
transporting layer.

When an organic electroluminescent device is energized,
Joule heat is generated. The Joule heat causes not only
advance of recrystallization, coagulation, and the like of the
organic layer but also diffusion of low-molecular materials;
resulting in deterioration of the durability of the device. In
contrast, in the organic electroluminescent device of the
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present invention, the 3,6-diphenylcarbazole derivative is
used for the organic layer, and thereby the deterioration of the
device due to recrystallization and coagulation and the dete-
rioration of the device due to diffusion can be suppressed.
Therefore, an electroluminescent device having high effi-
ciency and excellent durability can be provided.

These and other objects, features and advantages of the
present invention will become apparent upon consideration of
the following description of the preferred embodiments of the
present invention taken in conjunction with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Various other objects, features and attendant advantages of
the present invention will be more fully appreciated as the
same becomes better understood for the detailed description
when considered in connection with the accompanying draw-
ings in which like reference characters designate like corre-
sponding parts throughout and wherein:

FIG. 1 is a graph showing the relationship between the
current and the quantum efficiency of the organic electrolu-
minescent device of Example 1.

FIG. 2 is a graph showing the relationship between the
current and the voltage of the organic electroluminescent
device of Example 1.

FIG. 3 is a graph showing the relationship between the
current and the luminance of the organic electroluminescent
device of Example 1.

FIG. 4 is a graph showing the relationship between the
current and the quantum efficiency of the organic electrolu-
minescent device of Example 2.

FIG. 5 is a graph showing the relationship between the
current and the voltage of the organic electroluminescent
device of Example 2.

FIG. 6 is a graph showing the relationship between the
current and the luminance of the organic electroluminescent
device of Example 2.

FIG. 7 is a graph showing the relationship between the
current and the quantum efficiency of the organic electrolu-
minescent device of Example 3.

FIG. 8 is a graph showing the relationship between the
current and the voltage of the organic electroluminescent
device of Example 3.

FIG. 9 is a graph showing the relationship between the
current and the luminance of the organic electroluminescent
device of Example 3.

FIG. 10 is a graph showing the relationship between the
current and the quantum efficiency of the organic electrolu-
minescent device of Example 4.

FIG. 11 is a graph showing the relationship between the
current and the voltage of the organic electroluminescent
device of Example 4.

FIG. 12 is a graph showing the relationship between the
current and the luminance of the organic electroluminescent
device of Example 4.

FIG. 13 is a graph showing the relationship between the
current and the quantum efficiency of the organic electrolu-
minescent device of Example 5.

FIG. 14 is a graph showing the relationship between the
current and the voltage of the organic electroluminescent
device of Example 5.

FIG. 15 is a graph showing the relationship between the
current and the luminance of the organic electroluminescent
device of Example 5.
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FIG. 16 is a graph showing the relationship between the
current and the quantum efficiency of the organic electrolu-
minescent device of Example 6.

FIG. 17 is a graph showing the relationship between the
current and the voltage of the organic electroluminescent
device of Example 6.

FIG. 18 is a graph showing the relationship between the
current and the luminance of the organic electroluminescent
device of Example 6.

FIG. 19 is a graph showing the relationship between the
current and the quantum efficiency of the organic electrolu-
minescent device of Example 7.

FIG. 20 is a graph showing the relationship between the
current and the voltage of the organic electroluminescent
device of Example 7.

FIG. 21 is a graph showing the relationship between the
current and the luminance of the organic electroluminescent
device of Example 7.

FIG. 22 is a graph showing the relationship between the
current and the quantum efficiency of the organic electrolu-
minescent device of Example 8.

FIG. 23 is a graph showing the relationship between the
current and the voltage of the organic electroluminescent
device of Example 8.

FIG. 24 is a graph showing the relationship between the
current and the luminance of the organic electroluminescent
device of Example 8.

FIG. 25 is a graph showing the relationship between the
current and the quantum efficiency of the organic electrolu-
minescent device of Example 9.

FIG. 26 is a graph showing the relationship between the
current and the voltage of the organic electroluminescent
device of Example 9.

FIG. 27 is a graph showing the relationship between the
current and the luminance of the organic electroluminescent
device of Example 9.

FIG. 28 is a graph showing the relationship between the
current and the quantum efficiency of the organic electrolu-
minescent device of Example 10.

FIG. 29 is a graph showing the relationship between the
current and the voltage of the organic electroluminescent
device of Example 10.

FIG. 30 is a graph showing the relationship between the
current and the luminance of the organic electroluminescent
device of Example 10.

FIG. 31 is a graph showing the relationship between the
current and the quantum efficiency of the organic electrolu-
minescent device of Example 11.

FIG. 32 is a graph showing the relationship between the
current and the voltage of the organic electroluminescent
device of Example 11.

FIG. 33 is a graph showing the relationship between the
current and the luminance of the organic electroluminescent
device of Example 11.

FIG. 34 is a graph showing the relationship between the
current and the quantum efficiency of the organic electrolu-
minescent device of Example 12.

FIG. 35 is a graph showing the relationship between the
current and the voltage of the organic electroluminescent
device of Example 12.

FIG. 36 is a graph showing the relationship between the
current and the luminance of the organic electroluminescent
device of Example 12.

FIG. 37 is a graph showing the relationship between the
current and the quantum efficiency of the organic electrolu-
minescent device of Example 13.
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FIG. 38 is a graph showing the relationship between the
current and the voltage of the organic electroluminescent
device of Example 13.

FIG. 39 is a graph showing the relationship between the
current and the luminance of the organic electroluminescent
device of Example 13.

FIG. 40 is a graph showing the relationship between the
current and the quantum efficiency of the organic electrolu-
minescent device of Example 14.

FIG. 41 is a graph showing the relationship between the
-current and the voltage of the organic electroluminescent
device of Example 14.

FIG. 42 is a graph showing the relationship between the
current and the luminance of the organic electroluminescent
device of Example 14.

FIG. 43 is a graph showing the relationship between the
current and the quantum efficiency of the organic electrolu-
minescent device of Example 15.

FIG. 44 is a graph showing the relationship between the
current and the voltage of the organic electroluminescent
device of Example 15.

FIG. 45 is a graph showing the relationship between the
current and the luminance of the organic electroluminescent
device of Example 15.

FIG. 46 is a graph showing the relationship between the
current and the quantum efficiency of the organic electrolu-
minescent device of Example 16.

FIG. 47 is a graph showing the relationship between the
current and the voltage of the organic electroluminescent
device of Example 16.

FIG. 48 is a graph showing the relationship between the
current and the luminance of the organic electroluminescent
device of Example 16.

FIG. 49 is a graph showing the relationship between the
current and the quantum efficiency of the organic electrolu-
minescent device of Example 17.

FIG. 50 is a graph showing the relationship between the
current and the voltage of the organic electroluminescent
device of Example 17.

FIG. 51 is a graph showing the relationship between the
current and the luminance of the organic electroluminescent
device of Example 17.

FIG. 52 is a graph showing the relationship between the
current and the quantum efficiency of the organic electrolu-
minescent device of Example 18.

FIG. 53 is a graph showing the relationship between the
current and the voltage of the organic electroluminescent
device of Example 18.

FIG. 54 is a graph showing the relationship between the
current and the luminance of the organic electroluminescent
device of Example 18.

FIG. 55 is a graph showing the relationships between the
current and the quantum efficiency of the organic electrolu-
minescent devices of Examples 19 and 20.

FIG. 56 is a graph showing the relationships between the
current and the voltage of the organic electroluminescent
devices of Examples 19 and 20.

FIG. 57 is a graph showing the emission spectra of the
organic electroluminescent devices of Examples 19 and 20.

FIG. 58 is a diagram showing an infrared absorption spec-
trum (KBr pellet method) of 3,6-bis(4-methoxyphenyl)car-
bazole produced in Manufacturing Example 1.

FIG. 59 is a diagram showing an infrared absorption spec-
trum (KBr pellet method) of 3,6-bis(4-methoxyphenyl)-9-
phenylcarbazole produced in Manufacturing Example 2.
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DETAILED DESCRIPTION OF THE INVENTION

A 3,6-diphenylcarbazole derivative of the present inven-
tion will be described below in further detail.

In the present invention, a 3,6-diphenyl-9H-carbazole
derivative represented by formula (I) and a 3,6-diphenylcar-
bazole derivative represented by formula (II) may be pro-
duced by the following reaction.

—_—
RS—X

(wherein X represents a halogen atom.)

The 3,6-diaryl-9H-carbazole derivative in the first stage is
produced by the Suzuki-Miyaura reaction which is known as
a cross coupling reaction between an aryl boron compound
and an organic halide in the presence of a palladium catalyst.

An aryl boronate ester, which is thermally stableand can be
easily handled in air and which is synthesized from a haloge-
nated aryl through the use of bis(pinacolato)diboron, may be
used in place of the above-described aryl boronate.

Preferably, a halogen atom in the 3,6-dihalogeno-9H-car-
bazole derivative is an iodide or a bromide from the viewpoint
of the reactivity.

Various  catalysts, e.g., Pd(PPh,),, PdCl,(PPh,),,
Pd(OAc),, and PdCl,, can be used as the palladium catalyst.
Among these catalysts, Pd(PPh,), is typically used.

A base is indispensable to this reaction, and a relatively
weak acid, e.g., Na,CO; or NaHCQ;, vields an excellent
result. In the case where the reaction is influenced by steric
hindrance and the like, using a strong base, e.g., Ba(OH), or
K,PO,, is effective. In addition, sodium hydroxide, potas-
sium hydroxide, metal alkoxides, e.g., potassium t-butoxide,
sodium t-butoxide, lithium t-butoxide, potassium 2-methyl-
2-butoxide, sodium 2-methyl-2-butoxide, sodium methox-
ide, sodium ethoxide, and potassium ethoxide, potassium
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methoxide, and the like can also be used. Organic bases, e.g.,
triethylamine, may also be used.

Specific examples of the reaction solvents include alcohols
and ether-based solvents, e.g., methanol, ethanol, isopro-
panol, butanol, 2-methoxyethanol, and 1,2-dimethoxyethane,
bis(2-methoxyethyl) ether; cyclic ether-based solvents, e.g.,
dioxane and tetrahydrofuran; and furthermore, benzene, tolu-
ene, xylene, dimethyl sulfoxide, N,N-dimethylformamide,
N-methyl pyrrolidone, and 1,3-dimethyl-2-imidazolidinone.

The 3,6-diaryl-9H-carbazole derivative produced in the
first stage is derived to a 3,6-diphenylcarbazole derivative of
the present invention by the Ullmann reaction in the second
stage.

Specific examples of the thus produced 3,6-diphenyl-9H-
carbazole derivative represented by formula (I) and the 3,6-
diphenylcarbazole derivative represented by formula (IT) of
the present invention will be described below.

In the case where R, R,, R;, R, and R, in the above-
described formulae (I) and (II) independently represent a
substituted or unsubstituted alkyl group, examples of the
alkyl groups include straight-chain, branched chain, or circu-
lar alkyl groups having from 1 to 25 carbon atoms. These
alkyl groups may further contain a fluorine atom, a cyano
group, a phenyl group, or a phenyl group having a halogen
atom or a straight-chain or branched chain alkyl group as a
substituent. Specific examples of the substituted or unsubsti-
tuted alkyl groups include a methyl group, an ethyl group, a
n-propyl group, an i-propyl group, a t-butyl group, s-butyl
group, a n-butyl group, an i-butyl group, a pentyl group, a
hexyl group, a heptyl group, an octyl group, a nonyl group, a
decyl group, a 3,7-dimethyloctyl group, a 2-ethylhexyl
group, a trifluoromethyl group, a 2-cyanoethyl group, a ben-
zyl group, a 4-chlorobenzyl group, a 4-methylbenzyl group, a
cyclopentyl group, and a cyclohexyl group.

In the case where R, and R, independently represent a
substituted or unsubstituted alkoxy group, specific examples
of the alkoxy groups include alkoxy groups in which an
oxygen atom is inserted at the bonding position of the above-
described substituted or unsubstituted alkyl groups.

In the case where R, and R, independently represent a
halogen atom, examples thereof include a fluorine atom, a
chlorine atom, and a bromine atom.

In the case where R, R,, R;, R, and R, in the above-
described formulae (I) and (II) independently represent an
aryl group which may have a substituent, specific examples of
the aryl groups include a phenyl group, a naphthyl group, a
biphenylyl group, a terphenylyl group, a pyrenyl group, a
fluorenyl group, a 9,9-dimethyl-2-fluorenyl group, an azule-
nyl group, an anthryl group, a triphenylenyl group, a chryse-
nyl group, a fluorenylidenephenyl group, a SH-dibenzo[a,d]
cycloheptenylidenephenyl group, a furyl group, a
benzofuranyl group, a carbazolyl group, a pyridyl group, a
pyrrolidyl group, and an oxazolyl group. These may contain
the above-described substituted or unsubstituted alkyl group,
an alkoxy group, or a halogen atom, e.g., a fluorine atom, a
chlorine atom, a bromine atom, or an iodine atom, as a sub-
stituent.

The 3,6-diphenylcarbazole derivative described above can
be used for any of a hole transporting layer, a luminescent
layer, and an electron transporting layer. It is well known that
carbazole compounds have a bipolar property. Furthermore,
the carbazole compounds can be applied to the hole transport-
ing layer, the luminescent layer, and the electron transporting
layer, as described above, through the molecular design of the
carbazole compounds made for achieving the function
required for the organic electroluminescent device.
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Among the organic layers in the organic electrolumines-
cent device of the present invention, the layer containing the
above-described 3,6-diphenylcarbazole derivative can be
formed by coating a coating liquid including the derivative
and a known thermoplastic polymer using a known method,
e.g., a spin coating method or a casting method. In addition to
the wet type film forming methods, dry type film forming
methods, e.g., a vapor deposition method and a sputtering
method, may be used.

The organic layer constituting the organic electrolumines-
cent device may be composed of a single organic layer or a
plurality of organic layers. In the case where the organic layer
is composed of a single layer, the layer may be composed of
the 3,6-diphenylcarbazole derivative alone. In some cases,
low-molecular compounds having an electron transporting
property can be dispersed therein. In addition, a polymer or
another electron transporting polymer can be blended with
the derivative. Furthermore, the organic layer may be doped
with a very small amount of fluorescent molecule having a
very high fluorescent quantum efficiency. By using such
methods, the efficiency can be improved. Known materials
having an ability to transport an electron can be used as the
electron transporting substance. For example, fluorenone,
anthraquinodimethane, diphenoquinone, thiopyran dioxide,
perylenetetracarboxylic  acid,  fluorenylidenemethane,
anthrone,  2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline
(hereafter abbreviated as BCP), 2,9-diethyl-4,7-diphenyl-1,
10-phenanthroline, and the like and derivatives thereof, oxa-
diazole derivatives and triazole derivatives, which have an
excellent electron transporting property according to known
reports, may be used. Laser coloring materials and the like
which shows a strong fluorescence in a solution state and
known low-molecular fluorescent materials which have been
used as luminescent materials in organic electroluminescent
devices may be used as the fluorescent molecule having a very
high fluorescent quantum efficiency. Specific examples of the
materials include anthracene, naphthalene, phenanthrene,
pyrene, tetracene, coronene, chrysene, fluorescein, perylene,
phthaloperylene, naphthaloperylene, perynone, phthalop-
erynone, naphthaloperynone, diphenylbutadiene, tetraphe-
nylbutadiene, coumarin, oxadiazole, aldadine, bishenzoxazo-
line, bisstyryl, pyrazine, cyclopentadiene, quinoline metal
complexes, aminoquinoline metal complexes, benzoquino-
line metal complexes, imines, diphenylethylene, vinylan-
thracene, diaminocarbazole, pyran, thiopyran, polymethine,
merocyanine, imidazole-chelated oxinoid compounds,
quinacridone, rubrene, and the like and derivatives thereof.
Among the above-described metal complexes, chelate metal
complexes such as §-hydroxyquinolinol aluminum com-
plexes (hereafter abbreviated as Alg3) and their derivatives
are preferably used because of having an excellent film form-
ing property.

Furthermore, if necessary, the organic layer may be com-
posed of a plurality of layers. In the case where a 3,6-diphe-
nylcarbazole derivative-containing layer is used as a hole
injection and transporting layer, an electron injection and
transporting layer, a luminescent layer, and the like may be
further overlaid thereon by a spin coating method or a vapor
deposition method. Alternatively, it is effective for improving
the performance to form a hole injection and transporting
layer in advance of formation of the 3,6-diphenylcarbazole
derivative-containing layer. Known materials, e.g., phthalo-
cyanine-based compounds, porphyrin-based compounds,
oxadiazole, triazole, triphenylamine-based compounds, and
polysilanes, which perform functions in organic electrolumi-
nescent devices according to known reports, may be used as
the material constituting the hole injection and transporting
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layer. Among the compounds, examples of preferable tertiary
amine compounds typified by triphenylamine include N,N'-
di-m-tolyl-N,N'-diphenyl-4,4'-diphenyldiamine  (hereafter
abbreviated as TPD) and N,N'-di-1-naphthyl-N,N'-dipheny]l-
4 4'-diphenyldiamine (hereafter abbreviated as NPD). 1n the
case where the 3,6-diphenylcarbazole derivative-containing
layer is used as an electron injection and transporting layer, a
hole injection and transporting layer, a luminescent layer, and
the like may be further overlaid thereon by a spin coating
method or a vapor deposition method.

1tis also very useful that the 3,6-diphenylcarbazole deriva-
tive is used as a host material in the luminescent layer. The
triplet exciton state of the 3,6-diphenylcarbazole derivative
can be used effectively in combination with a phosphorescent
dopant.

Preferably, the phosphorescent dopant is a metal complex
which includes a phenylpyridine skeleton as a ligand and
which contains at least one metal selected from the group
consisting of Ir, Ru, Pd, Pt, Os, and Re. Specific examples of
the phosphorescent dopant include tris(2-phenylpyridine)iri-
dium (hereafter referred to as lr(ppy);) and tris(2-phenylpy-
ridine)ruthenium.

In the case where the 3,6-diphenylcarbazole derivative of
the present invention is used as the host material, preferably,
the phosphorescent dopant is 0.1 to 25 percent by weight
relative to the 3,6-diphenylcarbazole derivative.

The film thickness of the thus formed organic layer is not
specifically limited, and is generally within the range of 5 nm
to 20 um. More preferably, the film thickness is within the
range of 5 nm to 0.2 pm. The film thickness is determined in
consideration of occurrence of film defects, e.g., a pinhole,
the interference of light in the device at a luminescent wave-
length, an increase in the applied voltage due to an increase in
the film thickness, and the like matters.

In the present invention, metals, alloys, metal oxides, and
the like, which have work functions larger than 4 eV, and
preferably larger than 4.8 eV, are used as an anode of the
organic electroluminescent device. Specific examples of such
an electrode material include gold, platinum, palladium, sil-
ver, tungsten, nickel, cobalt, and the use of transparent elec-
trodes made of 1TO, Cul, SnO,, ZnO, and the like. 1n particu-
lar, an 1TO substrate is preferably used. Preferably, the 1TO
substrate has a smooth surface, and therefore the substrate is
used after dirt on the surface is cleaned thoroughly. Known
methods are adopted as the cleaning method. However, ultra-
violet irradiation in an ozone atmosphere or a plasma treat-
ment in an oxygen atmosphere is preferable.

On the other hand, metals, alloys, and the like, which have
work functions smaller than 4 €V, are used as a cathode.
Specific examples of such a substance include cesium,
sodium, calcium, magnesium, lithium, aluminum, samarium,
and alloys thereof.

1n the case where the organic electroluminescent device is
used as a surface-emitting device, it is desirable that at least
one of these electrodes is adequately transparent in the lumi-
nescent wavelength region of the device, and the other side
has adequately large reflectance in the luminescent wave-
length region. 1n the case of edge-emitting device, it is not
necessary for the electrodes to be transparent. Preferably, the
transparent electrode is the above-described 1TO, and a trans-
parent glass plate or plastic plate is used as the substrate
thereof.

In order to improve the stability of the resulting organic
electroluminescent device to withstand environmental condi-
tions such as temperature, moisture, and atmosphere of the
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environment, it is effective to dispose a protective layer on the
surface of the device or to protect the entire device by sealing
with a nitride film or the like.

When a voltage is applied to the thus produced organic
electroluminescent device of the present invention while the
anode is connected to the plus side, and the cathode is con-
nected to the minus side, electroluminescence can be
observed.

Having generally described this invention, further under-
standing can be obtained by reference to certain specific
examples which are provided herein for the purpose of illus-
tration only and are not intended to be limiting. 1n the descrip-
tions in the following examples, the numbers represent
weight ratios in parts, unless otherwise specified.

EXAMPLES
Manufacturing Example 1

A solution was prepared by adding 20.0 g of 3,6-dibro-
mocarbazole, 20.6 g of 4-methoxyphenylboronic acid, and
2.23 g of tetrakis(triphenylphosphine)palladium into 60 ml of
ethanol and 250 ml of toluene. The resulting solution was
blended with 120 ml of a 22% aqueous solution of sodium
carbonate, and the mixture was heated under reflux in a nitro-
gen atmosphere for 5.5 hours. lnsoluble materials were
removed therefrom by performing hot filtration using a filter
aid. Thereafter, the organic layer was separated from the
aqueous layer, and the solvent was distilled off under a
reduced pressure. After washing with water and drying were
performed, 20.2 g of a light brown powder was prepared. The
resulting powder was recrystallized in a mixed solvent of
toluene/ethanol and, thereby, 13.5 g of a colorless needle
crystal of 3,6-bis(4-methoxyphenyl)carbazole was produced.
The physical properties thereof were as follows.

melting point: 213.0° C. to 214.0° C.

elemental analysis value (%):

measured value/calculated value

C, 82.69/82.30: H, 5.61/5.58; N, 3.70/3.69;

The infrared absorption spectrum (KBr pellet method)
thereof is shown in F1G. 58.

NH stretching vibration: 3426 cm™

COC stretching vibration: 1235, 1035 cm™

Manufacturing Example 2

A solution was prepared by mixing 13.4 g of 3,6-bis(4-
methoxyphenyl)carbazole, 40 ml of iodobenzene, 19.3 g of
potassium carbonate, and 1.0 g of copper powder, and heating
the mixture under reflux in a nitrogen atmosphere for 3 hours.
After cooling was performed to 100° C., toluene was added
thereto, and insoluble materials were removed therefrom
using a filter aid. The solvent was distilled off under a reduced
pressure and, thereafter, washing was performed with metha-
nol. As aresult, 14.8 g of a colorless needle crystal of 3,6-bis
(4-methoxyphenyl)-9-phenylcarbazole (referred to as CBZ1)
was produced. The melting point thereof was as follows.

melting point: 169.5° C. to 170.5° C.

The resulting crystal was recrystallized in a mixed solvent
of toluene/ethanol, and thereby a colorless needle crystal was
produced. The physical properties thereof were as follows.

melting point: 170.0° C. to 171.0° C.

elemental analysis value (%):

measured value/calculated value

C, 84.31/84.37; H, 5.44/5.53; N, 3.06/3.07,
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An infrared absorption spectrum (KBr pellet method) is
shown in F1G. 59.

Manufacturing Examples 3 to 7

3,6-Diphenylcarbazole derivatives of the present invention
shown in Table 1 were produced in the same manner as in
Manufacturing Example 2 except that iodine compounds
suitable for producing compounds shown in Table 1 were
used in place of iodobenzene in Manufacturing Example 2.
The analytical results are also shown in Table 1.

Manufacturing Example 8

A solution was prepared by adding 12.7 g of 3,6-dibro-
mocarbazole, 10.0 g of phenylboronic acid. and 2.61 g of
tetrakis(triphenylphosphine)palladium into 40 ml of ethanol
and 170 ml of toluene. The resulting solution was blended
with 90 ml of a 22% aqueous solution of sodium carbonate,
and the mixture was heated under reflux in a nitrogen atmo-
sphere for 5 hours. Inscluble materials were removed there-
from by performing hot filtration using a filter aid. Thereafter,
the organic layer was separated from the aqueous layer, and
the solvent was distilled off under a reduced pressure. After
washing with water and drying were performed, a light brown
powder was prepared. The resulting powder was subjected to
a column chromatography treatment (eluant: toluene), fol-
lowed by washing with hexane. Thus, 6.0 g of a colorless
needle crystal of 3.6-diphenylcarbazole was produced. The
physical properties thereof were as follows.

melting point: 180.5° C. to 181.5° C.

elemental analysis value (%):

measured value/calculated value

C, 90.44/90.24; H, 5.25/5.38;N, 4.31/4.39;

infrared absorption spectrum (KBr pellet method)

NH stretching vibration: 3423, 3378 cm™

Manufacturing Examples 9 to 13

3,6-Diphenyl-9H-carbazole derivatives shown in Table 2
were produced in the same manner as in Manufacturing
Example 8 except that arylboronic acids suitable for produc-
ing compounds shown in Table 2 were used in place of phe-
nylboronic acid used in Manufacturing Example 8.

Manufacturing Examples 14 to 19

3,6-Diphenylcarbazole derivatives of the present invention
shown in Table 1 were produced in the same manner as in
Manufacturing Example 2 by the use of the 3,6-diphenyl-9H-
carbazole derivatives produced in Manufacturing Examples 8
to 13 and iodobenzene. The analytical results are also shown
in Table 1.

Manufacturing Example 20

A solution was prepared by mixing 1.62 g of 3,6-bis(bi-
phenylyl-4)carbazole produced in Manufacturing Example
13, 1.43 g of 4-iodobiphenyl, 1.90 g of potassium carbonate,
and 0.20 g of a copper powder, in 20 ml of nitrobenzene, and
heating the mixture under reflux in a nitrogen atmosphere for
3 hours. After cooling was performed to 100° C., insoluble
materials were removed therefrom using a filter aid. The
solvent was distilled off under a reduced pressure, and the
resultant product was washed with methanol, followed by
recrystallization in a mixed solvent of toluene/ethanol. Thus,
0.90 g of a colorless needle crystal of 3,6,9-tris(biphenylyl-
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4)carbazole as shown in Table 1 was produced. The analytical
results are also shown in Table 1.

Manufacturing Example 21

A solution was prepared by mixing 2.0 g of 3,6-diphenyl-
carbazole produced in Manufacturing Example 8, 0.26 g of
sodium carbonate, and 200 ml of dehydrated acetone. Subse-
quently, 0.89 ml of diethyl sulfate was added dropwise to the
resulting solution over 30 minutes at room temperature. After
agitation was performed at room temperature for one day, the
contents were poured into water, and extraction was per-
formed using ethyl acetate. The organic layer thereof was
washed with a sodium hydrogen carbonate aqueous solution.
Thereafter, washing with water and drying were performed,
and the solvent was distilled off. Thus a colorless powder was
prepared. Recrystallization was performed in a mixed solvent
of toluene/ethanol and, thereby, 1.70 g of a colorless plate
crystal of 3,6-diphenyl-9-ethylcarbazole as shown in Table 1
was produced. The analytical results are also shown in Table
1.

Manufacturing Example 22

A colorless plate crystal of 3,6-bis(4-methoxyphenyl)-9-
ethylcarbazole as shown in Table 1 was produced in the same
manner as in Manufacturing Example 21 except that 3,6-bis
(4-methoxyphenyl)carbazole produced in Manufacturing
Example 1 was used in place of 3,6-diphenylcarbazole used
in Manufacturing example 21. The analytical results are also
shown in Table 1.

Manufacturing Example 23

A solution was prepared by adding 11.30 g of 3,6-dibro-
mocarbazole, 10.40 g of 2-methylphenylboronic acid, and
1.27 g of tetrakis(triphenylphosphine)palladium into 30 ml of
ethanol and 125 ml of toluene. The resulting solution was
blended with 75 g of a 22% aqueous solution of sodium
carbonate, and the mixture was heated under reflux in a nitro-
gen atmosphere for 4 hours. lnsoluble materials were
removed therefrom by hot filtration using a filter aid. There-
after, the organic layer was separated from the aqueous layer,
and the solvent was distilled off under a reduced pressure.
Then washing with water and drying were performed. As a
result, a light brown powder was prepared. The resulting
powder was then subjected to a silica gel column chromatog-
raphy treatment (eluant: toluene/hexane=1/1 on a volume
ratio basis). Thus, 7.44 g of a colorless needle crystal of
3,6-bis(2-methylphenyl)carbazole was produced. The physi-
cal properties thereof were as follows.

melting point:—(glassy state)

elemental analysis value (%):

measured value/calculated value

C, 89.62/89.88: H, 6.00/6.09; N, 4.00/4.03;

infrared absorption spectrum (KBr pellet method)

NH stretching vibration: 3411 cm™

Manufacturing Example 24

A solution was prepared by mixing 3.41 g of 3,6-bis(2-
methylphenyl)carbazole, 15 ml of o-iodobenzene, 5.51 g of
potassium carbonate, and 0.5 g of copper powder, and heating
the mixture under reflux in a nitrogen atmosphere for 3 hours.
After cooling was performed to room temperature, toluene
was added thereto, and insoluble materials were removed
therefrom using a filter aid. The solvent was distilled off



US 7,745,988 B2

15

under a reduced pressure and, thereafter, a silica gel column
chromatography treatment (eluant: toluene/hexane=1/8 on a
volume ratio basis) was performed. As a result, 3.60 g of a
colorless needle crystal of 3,6,9-tris(2-methylphenyljcarba-
zole as shown in Table 1 was produced. The analytical results
are also shown in Table 1.

Manufacturing Example 25

3,6-Bis(2-methylphenyl)-9-phenylcarbazole of the present
invention as shown in Table 1 was produced in the same
manner as in Manufacturing Example 24 except that iodo-
benzene was used in place of o-iodobenzene in Manufactur-
ing Example 24. The analytical results are also shown in Table
L.

Manufacturing Example 26

A solution was prepared by adding 10.00 g of 3,6-dibro-
mocarbazole, 9.86 g of 3-fluorophenylboronic acid, and 1.08
g of tetrakis(triphenylphosphine)palladium into 30 ml of
ethanol and 125 ml of toluene. The resulting solution was
blended with 60 g of a 21.2% aqueous solution of sodium
carbonate, and the mixture was heated under reflux in a nitro-
gen atmosphere for 5 hours. After the mixture was cooled to
room temperature, insoluble materials were removed there-
from using a filter aid. Subsequently, the organic layer was
separated from the aqueous layer, and the solvent was dis-
tilled off under a reduced pressure. After washing with water
and drying were performed, a light brown powder was pre-
pared. The resulting powder was subjected to an adsorption
treatment by the use of silica gel, followed by recrystalliza-
tion in a mixed solvent of ether/hexane. Thus, 4.07 g of a
colorless needle crystal of 3,6-bis(3-fluorophenyl)carbazole
was produced.

melting point: 151.5° C. t0 152.5° C.

elemental analysis value (%):

measured value/calculated value

C. 81.00/81.11; H, 4.26/4.25; N, 4.00/3.94;

infrared absorption spectrum (KBr pellet method)

NH stretching vibration: 3392 cm™

Manufacturing Example 27

A solution was prepared by mixing 3.50 g of 3,6-bis(3-
fluorophenyl)carbazole, 30 ml of iodobenzene, 5.00 g of
potassium carbonate, and 0.25 g of a copper powder, and
heating the mixture under reflux in a nitrogen atmosphere for
1.5 hours. After the mixture was cooled to 100° C., toluene
was added thereto, and insoluble materials were removed
therefrom using a filter aid. The solvent was distilled off
under a reduced pressure. Subsequently, a silica gel column
chromatography treatment (eluant: toluene) was performed,
and recrystallization was performed in ethanol. Thus, a col-
orless needle crystal of 3,6-bis(3-fluorophenyl)-9-phenylcar-
bazole as shown in Table 1 was produced. The analytical
results are also shown in Table 1.

Manufacturing Example 28

A light brown crude substance was produced in the same
manner as in Manufacturing Example 2 except that 2-iodot-
oluene was used in place of iodobenzene in Manufacturing
Example 2. The resulting crude substance was subjected to a
silica gel column chromatography treatment (eluant: tolu-
ene), followed by recrystallization in toluene/ethanol. Thus, a
colorless needle crystal of 3,6-bis(4-methoxyphenyl)-9-(2-
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methylphenyl)carbazole as shown in Table 1 was produced.
The analytical results are also shown in Table 1.

Manufacturing Example 29

A solution was prepared by adding 6.50 g of 3,6-dibro-
mocarbazole, 10.00 g of biphenyl-2-boronic acid, and 0.72 g
of tetrakis(triphenylphosphine)palladium into 20 ml of etha-
nol and 100 ml of toluene. The resulting solution was blended
with 40.g ofa 22% aqueous solution of sodium carbonate, and
the mixture was heated under reflux in a nitrogen atmosphere
for 7.5 hours. After the mixture was cooled, toluene and water
were added thereto, and insoluble materials were removed
therefrom using a filter aid. Subsequently, the organic layer
was separated from the aqueous layer, and the solvent was
distilled off under a reduced pressure. After washing with
water and drying were performed, so that a light brown pow-
der was prepared. The resulting powder was subjected to a
silica gel column chromatography treatment (eluant: toluene/
hexane=2/1 on a volume ratio basis), followed by washing
with ethanol. Thus, 5.22 g of a colorless needle crystal of
3,6-bis(2-biphenylyl)carbazole was produced. The physical
properties thereof were as follows.

melting point: 186.0C to 189.0° C.

elemental analysis value (%)

measured value/calculated value

C, 91.46/91.69; H, 5.13/534; N, 3.05/2.97;

infrared absorption spectrum (KBr pellet-method)

NH stretching vibration: 3425 cm™

Manufacturing Example 30

A solution was prepared by mixing 3.00 g of 3,6-bis(2-
biphenylyl)carbazole, 30 ml of o-iodobenzene, 3.70 g of
potassium carbonate, and 0.5 g of a copper powder, and
heating the mixture under reflux in a nitrogen atmosphere for
4 hours. After the mixture was cooled to room temperature,
toluene was added thereto, and insoluble materials were
removed therefrom using a filter aid. The solvent was distilled
off under a reduced pressure and, thereafter, the deposited
crystals were washed with ethanol, followed by recrystalli-
zation in a mixed solvent of toluene/ethanol. Thus, 2.60 g of
a colorless needle crystal of 3,6-bis(2-biphenylyl)-9-phenyl-
carbazole as shown in Table 1 was produced. The analytical
results are also shown in Table 1.

Manufacturing Example 31

A solution was prepared by adding 5.27 g of 3,6-dibro-
mocarbazole, 11.3 g of 3-(4,4,5,5-tetramethyl-1,3 2-diox-
aborolan-2-yl)biphenyl, and 0.58 g of tetrakis(triphenylphos-
phine)palladium into 16 ml of ethanol and 80 ml of toluene.
The resulting solution was blended with 33 g of a 21.2%
aqueous solution of sodium carbonate, and the mixture was
heated under reflux in a nitrogen atmosphere for 8 hours.
After the mixture was cool to room temperature, toluene was
added thereto, and insoluble materials were removed there-
from using a filter aid. Subsequently, the organic layer was
separated from the aqueous layer, and the solvent was dis-
tilled off under a reduced pressure. The resulting product was
subjected to a silica gel column chromatography treatment
(eluant: toluene/hexane=2/1 on a volume ratio basis), fol-
lowed by washing with ethanol. Thus, 4.70 g of a colorless
needle crystal of 3,6-bis(3-biphenylyl)carbazole was pro-
duced. The physical properties thereof were as follows.

melting point: 262° C.

elemental analysis value (%)
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C, 91.94/91.69; H, 5.15/5.34; N, 3.01/2.97;
infrared absorption spectrum (KBr pellet method)
NH stretching vibration: 3394 cm™

Manufacturing Example 32

A solution was prepared by mixing 4.20 g of 3,6-bis(3-
biphenylyl)carbazole, 40 ml of iodobenzene, 5.20 g of potas-
sium carbonate, and 0.70 g of copper powder, and heating the
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mixture under reflux in a nitrogen atmosphere for 3 hours.
After the solution was cooled to room temperature, toluene
was added thereto, and insoluble materials were removed
therefrom using a filter aid. The solvent was distilled off
under a reduced pressure, and thereafter the deposited crys-
tals were washed with ethanol, followed by recrystallization
in a mixed solvent of toluene/hexane. Thus, 3.65 g of a col-
orless plate crystal of 3,6-bis(3-biphenylyl)-9-phenylcarba-
zole as shown in Table 1 was produced. The analytical results
are also shown in Table 1.

TABLE 1
Manufac-
turing Element analysis (%)
example CBZ Melting point observed (calculated)
No.  No. R, R, Ry R; Rs tC) C H N
3 CBZ2 4O0OCH; 4-OCH; H H 4-methylphenyl 204.0t0204.5  84.41 575 2.35
(84.41) (5.80) (2.98)
4 CBZ3 40OCH; 4-OCH; H H 3-methylphenyl 197.0t0197.5  83.94 5.72 2.82
(84.40) (5.81) (2.98)
5 CBZ4 4-0OCH; 4-OCH; H H 4-biphenylyl 238.5t0239.5  86.00 5.42 222
(85.85) (5.50) (2.63)
6 CBZ13 4-OCH; 4-OCH; H H 4-methoxyphenyl 203.5t0205.0 81.97 5.51 2.90
(81.63) (5.60)  (2.88)
7 CBZ14 4-OCH; 4-OCH; H H 3-methoxyphenyl 175.5t0176.5 81.75 5.81 331
(81.63  (5.95) (3.34)
14 CBZ12 H H H H phenyl 106.5t0108.5  91.50 5.22 3.37
(91.10)  (5.36)  (3.54)
15 CBZ5 4-CH; 4-CH, H H phenyl 162.5t0163.5  90.82 5.85 3.28
90.74) (5.95) (331
16 CBZ6 3-CH4 3-CH,4 H H phenyl 133.5t0135.0  90.87 5.81 3.34
90.74)  (5.95) (3.31)
17 CBZ7 3-OCH; 3-OCH; H H phenyl glassy 84.62 5.44 3.01
(84.37) (5.53) (3.07)
18 CBzZ8 3-Cl 3-Cl H H phenyl 156.5t0158.0  78.01 3.91 297
(77.59) (4.12) (3.02)
19 CBZ16 4-phenyl 4-phenyl H H phenyl 236.0t0237.5 92.21 5.25 2.30
92.11) (5.34) (2.56)
20 CBZ20 4-phenyl 4-phenyl H H 4-biphenylyl 273.510275.0 92.72 5.10 222
92.42) (5.33) (2.25)
21 CBZ11 H H H H CH; 184.5t0185.0  89.86 6.03 397
(89.86) (6.10)  (4.03)
22 CBZ19 4-OCH; 4-OCH; H H CHs 226.5t0227.5  82.95 6.22 348
(82.53) (6.18) (344
24 CBZ22 2-CH; 2-CH, H H 2-methylphenyl 80.0 to 82.0 90.84 6.26 3.12
90.58) (6.22) (3.20)
25 CBZ21 2-CH4 2-CH;,4 H H phenyl 121.0t0122.0  90.84 6.03 3.19
90.74)  (5.95) (3.31)
27 CBZ23 3-F 3-F H H phenyl 124.5t0125.5  83.26 4.22 3.12
(83.51) (4.44) (3.25)
28 CBZ24 4-OCH; 4-OCH; H H 2-methylphenyl 175.5t0176.5  84.22 5.84 3.00
(84.41) (5.80) (2.98)
30 CBZ25 2-phenyl 2-pheny]l H H phenyl 233 92.57 5.26 2.57
92.11) (5.34) (2.56)
32 CBZ26 3-phenyl 3-pheny]l H H phenyl 188.0t0189.0  92.55 5.21 2.59

©2.11) (5.34) (2.56)
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TABLE 2

R | R4
3 Rs
Manufacturing Infrared absorption spectrum
example Melting point (KBr pellet method)
No. 3,6-diphenyl-9H-carbazole derivative “C) NH stretching vibration (cm™")
9 CH; 199.0 to 200.5 3393

10 165.0to 166.5 3428

H;C

|
H
|
H
12 204.0 to 206.0 3308
Cl
Cl
|
H
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TABLE 2-continued

Manufacturing Infrared absorption spectrum
example Melting point (KBr pellet method)
No. 3,6-diphenyl-9H-carbazole derivative “C) NH stretching vibration (cm™")
13 273.0 3392

EXAMPLE 1

An 1TO substrate having a film thickness of 110 nm was
adequately washed with a neutral detergent, acetone, and
isopropanol, followed by washing in boiled isopropanol. The
substrate was treated for 12 minutes in a UV-ozone chamber,
and was put into a vapor deposition apparatus. TPD was
deposited in a vacuum of 10 ~* Pa to form a hole transporting
layer with a thickness of 50 nm on the substrate. Subse-
quently, CBZ1 and Ir(ppy), were co-deposited to from a lumi-
nescent layer with a thickness of 20 nm on the hole transport-
ing layer. At this time, the concentration of 1r(ppy), was kept
at 6 percent by weight. Furthermore, an electron transporting
layer was formed thereon by depositing BCP with a thickness
of 10 nm and Alg3 with a thickness of 30 nm. Finally, a
cathode was formed by depositing MgAg/Ag having a film
thickness of 100/10 nm through a shadow mask. Thus, an
electroluminescent device was prepared. The current-quan-
tum efficiency property of the device is shown in F1G. 1 and
the maximum quantum efficiency is 6.6%.

In addition, the device has an excellent current-voltage
characteristic as shown in FIG. 2. Namely the maximum
current density was 4.065 A/cm® and the maximum lumi-
nance was 122,264 cd/m? (F1G. 3) when the applied voltage is
14.4 V. 1In addition, light having an emission spectrum such
that a peak is observed at 510 nm was emitted from lr(ppy)s.

EXAMPLE 2

An 1TO substrate having a film thickness of 110 nm was
adequately washed with a neutral detergent, acetone, and
isopropancl, followed by washing in boiled isopropanol. The
substrate was treated for 12 minutes in a UV-ozone chamber,
and was put into a vapor deposition apparatus. TPD was
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deposited in a vacuum of 10™* Pa to form a hole transporting
layer with a thickness of 50 nm on the substrate. Subse-
quently, CBZ2 and Ir(ppy), were co-deposited to form a lumi-
nescent layer with a thickness of 20 nm on the hole transport-
ing layer. At this time, the concentration of 1r(ppy); was kept
at 6 percent by weight. Furthermore, an electron transporting
layer was formed thereon by depositing BCP with a thickness
of 10 nm and Alq3 with a thickness of 30 nm. Finally, a
cathode was formed by depositing MgAg/Ag having a film
thickness of 100/10 nm through a shadow mask. Thus, an
electroluminescent device was prepared. The current-quan-
tum efficiency property of the device is shown in F1G. 4 and
the maximum quantum efficiency is 6.0%.

In addition, the device has an excellent current-voltage
characteristic as shown in F1G. 5. Specifically, the maximum
current density is 2.575 A/cm? and the maximum luminance
is 131,078 cd/m? (F1G. 6) when the applied voltage is 14.9 V.
In addition, light having an emission spectrum such that a
peak is observed at 512 nm was emitted from Ir(ppy)s.

EXAMPLE 3

An 1TO substrate having a film thickness of 110 nm was
adequately washed with a neutral detergent, acetone, and
isopropanol, followed by washing in boiled isopropanol. The
substrate was treated for 12 minutes in a UV-ozone chamber,
and was put into a vapor deposition apparatus. TPD was
deposited in a vacuum of 10“~* Pa to form a hole transporting
layer with a thickness of 50 nm on the substrate. Subse-
quently, CBZ3 and Ir(ppy), were co-deposited to form a lumi-
nescent layer with a thickness of 20 nm on the hole transport-
ing layer. At this time, the concentration of lr(ppy); was kept
at 6 percent by weight. Furthermore, an electron transporting
layer was formed thereon by depositing BCP with a thickness
of 10 nm and Alq3 with a thickness of 30 nm. Finally, a
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cathode was formed by depositing MgAg/Ag having a film
thickness of 100/10 nm through a shadow mask. Thus, an
electroluminescent device was prepared. The current-quan-
tum efficiency property of the device is shown in F1G. 7 and
the maximum quantum efficiency is 5.1%.

In addition, the device has an excellent current-voltage
characteristic as shown in F1G. 8. Specifically, the maximum
current density is 2.670 A/em” and the maximum luminance
is 117,793 cd/m® (F1G. 9) when the applied voltage is 16.9'V.
1n addition, light having an emission spectrum such that a
peak is observed at 512 nm was emitted from Ir(ppy),.

EXAMPLE 4

An 1TO substrate having a film thickness of 110 nm was
adequately washed with a neutral detergent, acetone, and
isopropanol, followed by washing in boiled isopropanol. The
substrate was treated for 12 minutes in a UV-ozone chamber,
and was put into a vapor deposition apparatus. TPD was
deposited in a vacuum of 10~* Pa to form a hole transporting
layer with a thickness of 50 nm on the substrate. Subse-
quently, CBZ4 and Ir(ppy), were co-deposited to form a lumi-
nescent layer with a thickness of 20 nm on the hole transport-
ing layer. At this time, the concentration of Ir(ppy), was kept
at 6 percent by weight. Furthermore, an electron transporting
layer was formed thereon by depositing BCP with a thickness
of 10 nm and Alg3 with a thickness of 30 nm. Finally, a
cathode was formed by depositing MgAg/Ag having a film
thickness of 100/10 nm through a shadow mask. Thus, an
electroluminescent device was prepared. The current-quan-
tum efficiency property of the device is shown in F1G. 10 and
the maximum quantum efficiency is 4.5%.

In addition, the device has an excellent current-voltage
characteristic as shown in F1G. 11. Specifically, the maxi-
mum current density is 3.715 A/cm” and the maximum lumi-
nance is 114,104 cd/m? (F1G. 12) when the applied voltage is
15.2. V. In addition, light having an emission spectrum such
that a peak is observed at 510 nm was emitted from lr(ppy)s.

EXAMPLE 5

An 1TO substrate having a film thickness of 110 nm was
adequately washed with a neutral detergent, acetone, and
isopropanol, followed by washing in boiled isopropanol. The
substrate was treated for 12 minutes in a UV-ozone chamber,
and was put into a vapor deposition apparatus. TPD was.
deposited in a vacuum of 10~* Pa to form a hole transporting
layer with a thickness of 50 nm on the substrate. Subse-
quently, CBZS5 and Ir(ppy); were co-deposited to form a lumi-
nescent layer with a thickness of 20 nm on the hole transport-
ing layer. At this time, the concentration of 1r(ppy); was kept
at 6 percent by weight. Furthermore, an electron transporting
layer was formed thereon by depositing BCP with a thickness
of 10 nm and Alg3 with a thickness of 30 nm. Finally, a
cathode was formed by depositing MgAg/Ag having a film
thickness of 100/10 nm through a shadow mask. Thus, an
electroluminescent device was prepared. The current-quan-
tum efficiency property of the device is shown in F1G. 13 and
the maximum quantum efficiency is 3.1%.

In addition, the device has an excellent current-voltage
characteristic as shown in F1G. 14. Specifically, the maxi-
mum current density is 1.408 A/em® and the maximum lumi-
nance is 48,747 cd/m* (F1G. 15) when the applied voltage is
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14.3 V. 1n addition, light having an emission spectrum such
that a peak is observed at 509 nm was emitted from lr(ppy);.

EXAMPLE 6

An 1TO substrate having a film thickness of 110 nm was
adequately washed with a neutral detergent, acetone, and
isopropanol, followed by washing in boiled isopropanol. The
substrate was treated for 12 minutes in a UV-ozone chamber,
and was put into a vapor deposition apparatus. TPD was
deposited in a vacuum of 10~* Pa to form a hole transporting
layer with a thickness of 50 nm on the substrate. Subse-
quently, CBZ6 and 1r(ppy), were co-deposited to form a lumi-
nescent layer with a thickness of 20 nm on the hole transport-
ing layer. At this time, the concentration of lr(ppy), was kept
at 6 percent by weight. Furthermore, an electron transporting
layer was formed thereon by depositing BCP with a thickness
of 10 nm and Alg3 with a thickness of 30 nm. Finally, a
cathode was formed by depositing MgAg/Ag having a film
thickness of 100/10 nm through a shadow mask. Thus, an
electroluminescent device was prepared. The current-quan-
tum efficiency property of the device is shown in F1G. 16 and
the maximum quantum efficiency is 4.8%.

In addition, the device has an excellent current-voltage
characteristic as shown in F1G. 17. Specifically, the maxi-
mum current density is 2.115 A/cm® and the maximum lumi-
nanceis 101,601 cd/m? (F1G. 18) when the applied voltage is
15.2 V. 1n addition, light having an emission spectrum such
that a peak is observed at 508 nm was emitted from lr(ppy);.

EXAMPLE 7

An 1TO substrate having a film thickness of 110 nm was
adequately washed with a neutral detergent, acetone, and
isopropanol, followed by washing in boiled isopropanol. The
substrate was treated for 12 minutes in a UV-ozone chamber,
and was put into a vapor deposition apparatus. TPD was
deposited in a vacuum of 10™* Pa to form a hole transporting
layer with a thickness of 50 nm on the substrate. Subse-
quently, CBZ7 and 1r(ppy), were co-deposited to form a lumi-
nescent layer with a thickness of 20 nm on the hole transport-
ing layer. At this time, the concentration of Ir(ppy); was kept
at 6 percent by weight. Furthermore, an electron transporting
layer was formed thereon by depositing BCP with a thickness
of 10 nm and Alg3 with a thickness of 30 nm. Finally, a
cathode was formed by depositing MgAg/Ag having a film
thickness of 100/10 nm through a shadow mask. Thus, an
electroluminescent device was prepared. The current-quan-
tum efficiency property of the device is shown in F1G. 19 and
the maximum quantum efficiency is 11.2%.

In addition, the device has an excellent current-voltage
characteristic as shown in F1G. 20. Specifically, the maxi-
mum current density is 2.640 A/em? and the maximum lumi-
nance is 132,412 cd/m? (F1G. 21) when the applied voltage is
15.8 V. 1n addition, light having an emission spectrum such
that a peak is observed at 511 nm was emitted from Ir(ppy);.

EXAMPLE 8

An 1TO substrate having a film thickness of 110 nm was
adequately washed with a neutral detergent, acetone, and
isopropanol, followed by washing in boiled isopropanol. The
substrate was treated for 12 minutes in a UV-ozone chamber,
and was put into a vapor deposition apparatus. TPD was
deposited in a vacuum of 107*Pa to form a hole transporting
layer with a thickness of 50 nm on the substrate. Subse-
quently, CBZ8 and 1r(ppy), were co-deposited to form a lumi-



US 7,745,988 B2

25

nescent layer with a thickness of 20 nm on the hole transport-
ing layer. At this time, the concentration of 1r(ppy); was kept
at 6 percent by weight. Furthermore, an electron transporting
layer was formed thereon by depositing BCP with a thickness
of 10 nm and Alg3 with a thickness of 30 nm. Finally, a
cathode was formed by depositing MgAg/Ag having a film
thickness of 100/10 nm through a shadow mask. Thus, an
electroluminescent device was prepared. The current-quan-
tum efficiency property of the device is shown in F1G. 22 and
the maximum quantum efficiency is 5.0%.

In addition, the device has an excellent current-voltage
characteristic as shown in F1G. 23. Specifically, the maxi-
mum current density is 1.012 A/em? and the maximum lumi-
nance is 22,035 cd/m? (F1G. 24) when the applied voltage is
16.1 V. In addition, light having an emission spectrum such
that a peak is observed at 508 nm was emitted from 1r(ppy);.

EXAMPLE 9

An 1TO substrate having a film thickness of 110 nm was
adequately washed with a neutral detergent, acetone, and
isopropanol, followed by washing in boiled isopropanol. The
substrate was treated for 12 minutes in a UV-ozone chamber,
and was put into a vapor deposition apparatus. TPD was
deposited in a vacuum of 10~* Pa to form a hole transporting
layer with a thickness of 50 nm on the substrate. Subse-
quently, CBZ11 and Ir(ppy); were co-deposited to form a
luminescent layer with a thickness of 20 nm on the hole
transporting layer. At this time, the concentration of 1r(ppy),
was kept at 6 percent by-weight. Furthermore, an electron
transporting layer was formed thereon by depositing BCP
with a thickness of 10 nm and Alq3 with a thickness of' 30 nm.
Finally, a cathode was formed by depositing MgAg/Ag hav-
ing a film thickness of 100/10 nm through a shadow mask.
Thus, an electroluminescent device was prepared. The cur-
rent-quantum efficiency property of the device is shown in
F1G. 25 and the maximum quantum efficiency is 6.7%.

In addition, the device has an excellent current-voltage
characteristic as shown in F1G. 26. Specifically, the maxi-
mum current density is 2.386 A/cm? and the maximum lumi-
nance is 127,522 cd/m? (F1G. 27) when the applied voltage is
14.5 V. 1n addition, light having an emission spectrum such
that a peak is observed at 512 nm was emitted from Ir(ppy)s.

EXAMPLE 10

An 1TO substrate having a film thickness of 110 nm was
adequately washed with a neutral detergent, acetone, and
isopropanol, followed by washing in boiled isopropanol. The
substrate was treated for 12 minutes in a UV-ozone chamber,
and was put into a vapor deposition apparatus. TPD was
deposited in a vacuum of 107* Pa to form a hole transporting
layer with a thickness of 50 nm on the substrate. Subse-
quently, CBZ12 and lr(ppy), were co-deposited to form a
luminescent layer with a thickness of 20 nm on the hole
transporting layer. At this time, the concentration of 1r(ppy),
was kept at 6 percent by weight. Furthermore, an electron
transporting layer was formed thereon by depositing BCP
with a thickness of 10 nm and Alq3 with a thickness of' 30 nm.
Finally, a cathode was formed by depositing MgAg/Ag hav-
ing a film thickness of 100/10 nm through a shadow mask.
Thus, an electroluminescent device was prepared. The cur-
rent-quantum efficiency property of the device is shown in
F1G. 28 and the maximum quantum efficiency is 9.2%.

In addition, the device has an excellent current-voltage
characteristic as shown in F1G. 29. Specifically, the maxi-
mum current density is 2.605 A/cm? and the maximum lumi-
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nance is 154,756 ecd/m? (F1G. 30) when the applied voltage is
15.5 V. 1n addition, light having an emission spectrum such
that a peak is observed at 509 nm was emitted from lr(ppy);.

EXAMPLE 11

An 1TO substrate having a film thickness of 110 nm was
adequately washed with a neutral detergent, acetone, and
isopropanol, followed by washing in boiled isopropanol. The
substrate was treated for 12 minutes in a UV-ozone chamber,
and was put into a vapor deposition apparatus. TPD was
deposited in a vacuum of 10™* Pa to form a hole transporting
layer with a thickness of 50 nm on the substrate. Subse-
quently, CBZ13 and lr(ppy); were co-deposited to form a
luminescent layer with a thickness of 20 nm on the hole
transporting layer. At this time, the concentration of 1r(ppy),
was kept at 6 percent by weight. Furthermore, an electron
transporting layer was formed thereon by depositing BCP
with a thickness of 10 nm and Alg3 with a thickness of 30 nm.
Finally, a cathode was formed by depositing MgAg/Ag hav-
ing a film thickness of 100/10 nm through a shadow mask.
Thus, an electroluminescent device was prepared. The cur-
rent-quantum efficiency property of the device is shown in
F1G. 31 and the maximum quantum efficiency is 5.5%.

In addition, the device has an excellent current-voltage
characteristic as shown in F1G. 32. Specifically, the maxi-
mum current density is 4.269 A/cm2 and the maximum lumi-
nance is 91,595 cd/m? (F1G. 33) when the applied voltage is
14.2 V. 1n addition, light having an emission spectrum such
that a peak 1s observed at 508 nm was emitted from lr(ppy);.

EXAMPLE 12

An 1TO substrate having a film thickness of 110 nm was
adequately washed with a neutral detergent, acetone, and
isopropanol, followed by washing in boiled isopropanol. The
substrate was treated for 12 minutes in a UV-ozone chamber,
and was put into a vapor deposition apparatus. TPD was
deposited in a vacuum of 10™* Pa to form a hole transporting
layer with a thickness of 50 nm on the substrate. Subse-
quently, CBZ14 and lr(ppy); were co-deposited to form a
luminescent layer with a thickness of 20 nm on the hole
transporting layer. At this time, the concentration of 1r(ppy),
was kept at 6 percent by weight. Furthermore, an electron
transporting layer was formed thereon by depositing BCP
with a thickness of 10 nm and Alg3 with a thickness of 30 nm.
Finally, a cathode was formed by depositing MgAg/Ag hav-
ing a film thickness of 100/10 nm through a shadow mask.
Thus, an electroluminescent device was prepared. The cur-
rent-quantum efficiency property of the device is shown in
F1G. 34 and the maximum quantum efficiency is 7.0%.

In addition, the device has an excellent current-voltage
characteristic as shown in F1G. 35. Specifically, the maxi-
mum current density is 4.317 A/em? and the maximum lumi-
nance is 128,782 cd/m? (F1G. 36) when the applied voltage is
14.7 V. 1n addition, light having an emission spectrum such
that a peak is observed at 512 nm was emitted from Ir(ppy)s.

EXAMPLE 13

An 1TO substrate having a film thickness of 110 nm was
adequately washed with a neutral detergent, acetone, and
isopropanol, followed by washing in boiled isopropanol. The
substrate was treated for 12 minutes in a UV-ozone chamber,
and was put into a vapor deposition apparatus. TPD was
deposited in a vacuum of 10~* Pa to form a hole transporting
layer with a thickness of 50 nm on the substrate. Subse-
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quently, CBZ16 and Ir(ppy); were co-deposited to form a
luminescent layer with a thickness of 20 nm on the hole
transporting layer. At this time, the concentration of 1r(ppy),
was kept at 6 percent by weight. Furthermore, an electron
transporting layer was formed thereon by depositing BCP
with a thickness of 10 nm and Alq3 with a thickness of 30 nm.
Finally, a cathode was formed by depositing MgAg/Ag hav-
ing a film thickness of 100/10 nm through a shadow mask.
Thus, an electroluminescent device was prepared. The cur-
rent-quantum efficiency property of the device is shown in
F1G. 37 and the maximum quantum efficiency is 7.9%.

In addition, the device has an excellent current-voltage
characteristic as shown in F1G. 38. Specifically, the maxi-
mum current density is 3;737 A/em? and the maximum lumi-
nance is 142,984 cd/m? (F1G. 39) when the applied voltage is
15.1 V. In addition, light having an emission spectrum such
that a peak is observed at 512 nm was emitted from Ir(ppy)s.

EXAMPLE 14

An 1TO substrate having a film thickness of 110 nm was
adequately washed with a neutral detergent, acetone, and
isopropanol, followed by washing in boiled isopropanol. The
substrate was treated for 12 minutes in a UV-ozone chamber,
and was put into a vapor deposition apparatus. TPD was
deposited in a vacuum of 10~* Pa to form a hole transporting
layer with a thickness of 50 nm on the substrate. Subse-
quently, CBZ19 and lr(ppy); were co-deposited to form a
luminescent layer with a thickness of 20 nm on the hole
transporting layer. At this time, the concentration of 1r(ppy),
was kept at 6 percent by weight. Furthermore, an electron
transporting layer was formed thereon by depositing BCP
with a thickness of 10 nm and Alq3 with a thickness 0f30 nm.
Finally, a cathode was formed by depositing MgAg/Ag hav-
ing a film thickness of 100/10 nm through a shadow mask.
Thus, an electroluminescent device was prepared. The cur-
rent-quantum efficiency property of the device is shown in
F1G. 40 and the maximum quantum efficiency is 0.8%.

In addition, the device has an excellent current-voltage
characteristic as shown in F1G. 41. Specifically, the maxi-
mum current density is 2.594 A/em? and the maximum lumi-
nance is 18,231 cd/m” (F1G. 42) when the applied voltage is
17.3 V. In addition, light having an emission spectrum such
that a peak is observed at 510 nm was emitted from 1r(ppy);.

EXAMPLE 15

An 1TO substrate having a film thickness of 110 nm was
adequately washed with a neutral detergent, acetone, and
isopropanol, followed by washing in boiled isopropanol. The
substrate was treated for 12 minutes in a UV-ozone chamber,
and was put into a vapor deposition apparatus. TPD was
deposited in a vacuum of 10~* Pa to form a hole transporting
layer with a thickness of 50 nm on the substrate. Subse-
quently, CBZ20 and lr(ppy); were co-deposited to form a
luminescent layer with a thickness of 20 nm on the hole
transporting layer. At this time, the concentration of 1r(ppy),
was kept at 6 percent by weight. Furthermore, an electron
transporting layer was formed thereon by depositing BCP
with a thickness of 10 nm and Alq3 with a thickness 0f30 nm.
Finally, a cathode was formed by depositing MgAg/Ag hav-
ing a film thickness of 100/10 nm through a shadow mask.
Thus, an electroluminescent device was prepared. The cur-
rent-quantum efficiency property of the device is shown in
F1G. 43 and the maximum quantum efficiency is 7.2%.

In addition, the device has an excellent current-voltage
characteristic as shown in F1G. 44. Specifically, the maxi-
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mum current density is 3.384 A/cm? and the maximum lumi-
nance is 130,163 cd/m* (F1G. 42) when the applied voltage is
15.4 V. 1n addition, light having an emission spectrum such
that a peak is observed at 512 nm was emitted from lr(ppy)s.

EXAMPLE 16

An 1TO substrate having a film thickness of 110 nm was
adequately washed with a neutral detergent, acetone, and
isopropanol, followed by washing in boiled isopropanol. The
substrate was treated for 12 minutes in a UV-ozone chamber,
and was put into a vapor deposition apparatus. TPD was
deposited in a vacuum of 10~* Pa to form a hole transporting
layer with a thickness of 50 nm on the substrate. Subse-
quently, CBZ21 and lr(ppy); were co-deposited to form a
luminescent layer with a thickness of 20 nm on the hole
transporting layer. At this time, the concentration of 1r(ppy);
was kept at 6 percent by weight. Furthermore, an electron
transporting layer was formed thereon by depositing BCP
with a thickness of 10 nm and Alq3 with a thickness of 30 nm.
Finally, a cathode was formed by depositing MgAg/Ag hav-
ing a film thickness of 100/10 nm through a shadow mask.
Thus, an electroluminescent device was prepared. The cur-
rent-quantum efficiency property of the device is shown in
F1G. 46 and the maximum quantum efficiency is 8.0%.

In addition, the device has an excellent current-voltage
voltage characteristic as shown in F1G. 47. Specifically, the
maximum current density is 2.195 A/cm? and the maximum
luminance is 119,564 cd/m? (F1G. 48) when the applied volt-
age is 18.0 V. 1In addition, light having an emission spectrum
such that a peak is observed at 508 nm was emitted from

1e(ppy)s-

EXAMPLE 17

An 1TO substrate having a film thickness of 110 nm was
adequately washed with a neutral detergent, acetone, and
isopropanol, followed by washing in boiled isopropanol. The
substrate was treated for 12 minutes in a UV-ozone chamber,
and was put into a vapor deposition apparatus. TPD was
deposited in a vacuum of 10™* Pa to form a hole transporting
layer with a thickness of 50 nm on the substrate. Subse-
quently, CBZ22 and lr(ppy); were co-deposited to form a
luminescent layer with a thickness of 20 nm on the hole
transporting layer. At this time, the concentration of 1r(ppy),
was kept at 6 percent by weight. Furthermore, an electron
transporting layer was formed thereon by depositing BCP
with a thickness of 10 nm and Alq3 with a thickness of 30 nm.
Finally, a cathode was formed by depositing MgAg/Ag hav-
ing a film thickness of 100/10 nm through a shadow mask.
Thus, an electroluminescent device was prepared. The cur-
rent-quantum efficiency property of the device is shown in
F1G. 49 and the maximum quantum efficiency is 4.2%.

In addition, the device has an excellent current-voltage
characteristic as shown in F1G. 50. Specifically, the maxi-
mum current density is 2.698 A/cm® and the maximum lumi-
nance is 96,058 cd/m? (F1G. 51) when the applied voltage is
17.6 V. 1n addition, light having an emission spectrum such
that a peak is observed at 508 nm was emitted from lr(ppy);.

EXAMPLE 18

An 1TO substrate having a film thickness of 110 nm was
adequately washed with a neutral detergent, acetone, and
isopropanol, followed by washing in boiled isopropanol. The
substrate was treated for 12 minutes in a UV-ozone chamber,
and was put into a vapor deposition apparatus. TPD was
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deposited in a vacuum of 10~* Pa to form a hole transporting
layer with a thickness of 50 nm on the substrate. Subse-
quently, CBZ24 and lr(ppy), were co-deposited to form a
luminescent layer with a thickness of 20 nm on the hole
transporting layer. At this time, the concentration of 1r(ppy);
was kept at 6 percent by weight. Furthermore, an electron
transporting layer was formed thereon by depositing BCP
with a thickness of 10 nm and Alq3 with a thickness of30 nm.
Finally, a cathode was formed by depositing MgAg/Ag hav-
ing a film thickness of 100/10 nm through a shadow mask.
Thus, an electroluminescent device was prepared. The cur-
rent-quantum-efficiency property of the device is shown in
F1G. 52 and the maximum quantum efficiency is 5.5%.

In addition, the device has an excellent current-voltage
characteristic as shown in F1G. 53. Specifically, the maxi-
mum current density is 3.565 A/cm? and the maximum lumi-
nance is 111,574 cd/m? (F1G. 54) when the applied voltage is
15.1V. In addition, light having an emission spectrum such
that a peak is observed at 512 nm was emitted from lr(ppy);.

EXAMPLE 19

An 1TO substrate having a film thickness of 110 nm was
adequately washed with a neutral detergent, acetone, and
isopropanol, followed by washing in boiled isopropanol. The
substrate was treated for 12 minutes in a UV-ozone chamber,
and was put into a vapor deposition apparatus. TPD was
deposited in a vacuum of 107* Pa to form a hole transporting
layer with a thickness of 50 nm on the substrate. Subse-
quently, CBZ25 and 1r(ppy), were co-deposited to form a
luminescent layer with a thickness of 20 nm on the hole
transporting layer. At this time, the concentration of 1r(ppy),
was kept at 6 percent by weight. Furthermore, an electron
transporting layer was formed thereon by depositing BCP
with a thickness of 10 nm and Alq3 with a thickness of’ 30 nm.
Finally, a cathode was formed by depositing MgAg/Ag hav-
ing a film thickness of 100/10 nm through a shadow mask.
Thus, an electroluminescent device was prepared. The cur-
rent-quantum efficiency property of the device is shown in
F1G. 55 and the maximum quantum efficiency is 6.9%.

In addition, the device has an excellent current-voltage
characteristic as shown in F1G. 56. Inaddition, light having an
emission spectrum such that a peak is observed at 515 nm was
emitted from 1r(ppy); as shown in F1G. 57.

EXAMPLE 20

An 1TO substrate having a film thickness of 110 nm was
adequately washed with a neutral detergent, acetone, and
isopropanol, followed by washing in boiled isopropanol. The
substrate was treated for 12 minutes in a UV-ozone chamber,
and was put into a vapor deposition apparatus. TPD was
deposited in a vacuum of 10~* Pa to form a hole transporting
layer with a thickness of 50 nm on the substrate. Subse-
quently, CBZ26 and lr(ppy); were co-deposited to form a
luminescent layer with a thickness of 20 nm on the hole
transporting layer. At this time, the concentration of 1r(ppy),
was kept at 6 percent by weight. Furthermore, an electron
transporting layer was formed thereon by depositing BCP
with a thickness of 10 nm and Alq3 with a thickness 0f30 nm.
Finally, a cathode was formed by depositing MgAg/Ag hav-
ing a film thickness of 100/10 nm through a shadow mask.
Thus, an electroluminescent device was prepared. The cur-
rent-quantum efficiency property of the device is shown in
F1G. 55 and the maximum quantum efficiency is 7.3%.

In addition, the device has an excellent current-voltage
characteristic as shown in F1G. 56. In addition, light having an
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emission spectrum such that a peak is observed at 515 nm was
emitted from lr(ppy); as shown in F1G. 57.

This document claims priority and contains subject matter
related to Japanese Patent Applications Nos. 2003-373745,
2003-314495, 2003-373735, 2004-245423 and 2004-
245438, filed on Oct. 31, 2003, Sep. 5, 2003, Oct. 31, 2003,
Aug. 25, 2004 and Aug. 25, 2004, respectively, incorporated
herein by reference.

Having now fully described the invention, it will be appar-
ent to one of ordinary skill in the art that many changes and
modifications can be made thereto without departing from the
spirit and scope of the invention as set forth therein.

What is claimed as new and desired to be secured by
Letters Patent of the United States is:

1. An organic electroluminescent device comprising:

an anode;

a cathode which faces the anode; and

at least one layer including a luminescent layer that com-
prises a phosphorescent dopant and is located between
the anode and the cathode,

wherein the at least one layer includes a 3,6-diphenylcar-
bazole compound represented by the following formula
(11) that can serve as a host material for a guest material:

(I

wherein R, and R, are 4-phenyl groups, Rs represents a phe-
nyl group or a biphenyl group substituted only with one or
more groups selected from the group consisting of a hydrogen
atom, an alkyl group, an alkoxy group and a combination
thereof, and R, and R, independently represent a hydrogen
atom or an unsubstituted aryl group,

wherein the at least one layer includes a hole transporting

layer, the luminescent layer, and an electron transporting
layer, which are overlaid in this order.

2. The organic electroluminescent device according to
claim 1, wherein the phosphorescent dopant is an iridium
complex.

3. The organic electroluminescent device according to
claim 2, wherein the iridium complex is tris(2-phenylpyri-
dine)iridium.

4. The organic electroluminescent device according to
claim 1, wherein R is a phenyl group substituted only with
one or more groups selected from the group consisting of a
hydrogen atom, an alkyl group, an alkoxy group and a com-
bination thereof.

5. The organic electroluminescent device according to
claim 1, wherein R, is a biphenyl group substituted only with
one or more groups selected from the group consisting of a
hydrogen atom, an alkyl group, an alkoxy group and a com-
bination thereof.

6. The organic electroluminescent device according to
claim 1, wherein R, is a phenyl group.

7. The organic electroluminescent device according to
claim 1, wherein R is a biphenyl group.
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8. The organic electroluminescent device according to nyl group, a biphenyl group. a methoxyphenyl group, and a
claim 1, wherein Rs is a 4-methoxyphenyl or a 3-methox- phenyl group.
yphenyl group. 10. The organic electroluminescent device according to

claim 1, wherein R, and R, are 4-phenyl groups and R is a

9. The organic electroluminescent device according to
5 phenyl group.

claim 1, wherein R, and R, are hydrogen atoms; and R, is at
least one selected from the group consisting of a methylphe- ¥ % k% %
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