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(57) ABSTRACT

The subject of the present invention is to provide an emission
material which contributes to high emission efficiency, low
drive voltage, excellent heat resistance and long life in an
organic electroluminescent device, particularly an emission
material which is excellent in emission of blue color. Further,
the subject is to provide an organic electroluminescent device
using the above emission material. The above subjects can be
achieved by an emission material represented by Formula (1)
and an organic electroluminescent device comprising the
same.

1
AP R’ AP

R3 I l l R*
RZ RS

R! Ar! R®

wherein R' to R” are independently hydrogen, alkyl or
cycloalkyl; Ar' is one selected from the group consisting of
non-condensed aryl having 6 to 50 carbon atoms, 2-naphthyl,
9-phenanthryl, 6-chrysenyl, 2-triphenylenyl, 2-fluorenyl,
9-carbazolyl, 2-thienyl and 2-benzothienyl; and Ar* and Ar®
are independently non-condensed aryl having 6 to 50 carbon
atoms, condensed aryl having 10 to 50 carbon atoms or het-
eroaryl having 2 to 50 carbon atoms.
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LUMINESCENT MATERIAL AND ORGANIC
ELECTROLUMINESCENT DEVICE USING
THE SAME

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a novel emission
material having an anthracene skeleton and an organic elec-
troluminescent device (hereinafter abbreviated as an organic
EL device) using the above emission material.

RELATED ART

[0002] Inrecent years, attentions are paid to an organic EL
device as a full color fiat panel in the subsequent generation,
and emission materials of blue, green and red colors are
actively researched and developed. Among the emission
materials, particularly a blue color emission material is
requested to be improved. Blue color emission materials
which have so far been reported are distyrylarylene deriva-
tives (refer to, for example, a patent document 1), zinc metal
complexes (refer to, for example, a patent document 2), alu-
minum complexes (refer to, for example, a patent document
3), aromatic amine derivatives (refer to, for example, a patent
document 4) and anthracene derivatives (refer to, for
example, a patent document 5). Examples in which the
anthracene derivatives are used for emission materials are
disclosed in a non-patent document 1, a patent document 6, a
patent document 7 and a patent document 8 in addition to the
patent document 5. In the non-patent document 1, a 9,10-
diphenylanthracene compound is used, but there used to be
the problems that the crystallinity is high and that the ability
to form a thin film is inferior. Organic EL devices using
derivatives having an anthracene structure substituted with
phenyls in 9 and 10 positions are disclosed as emission mate-
rials in the patent document 6, the patent document 7 and the
patent document 8. Organic EL devices using anthracene
derivatives substituted with naphthalenes in 9 and 10 posi-
tions are disclosed as emission materials in the patent docu-
ment 5. However, any of the above compounds has symmetric
molecular structure, and possibility of having high crystallin-
ity is concerned. Organic EL devices using compounds hav-
ing two or more anthracene rings as emission materials in
order to reduce crystallinity to form a film having good amor-
phous state are proposed in a patent document 9, a patent
document 10, a patent document 11 and a patent document
12. It is reported that emission of bluish green color is
achieved by the above materials.

Patent document 1: JP H2-247278 A/1990

Patent document 2: JP H6-336586 A/1994

Patent document 3: JP H5-198378 A/1993

Patent document 4: JP H6-240248 A/1994

Patent document 5: JP H11-3782 A/1999

Patent document 6: JP H11-312588 A/1999

Patent document 7: JP H11-323323 A/1999

Patent document 8: JP H11-329732 A/1999

Patent document 9: JP H8-12600 A/1996

Patent document 10: JP H11-111458 A/1999

Patent document 11: JP H12-344691 A/2000

Patent document 12: JP H14-154993 A/2002

Non-patent document 1: Applied Physics Letters, 56 (9), 799
(1990)
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DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0003] The present invention has been made in light of the
problems involved in such conventional techniques as
described above, and an object of the present invention is to
provide an emission material contributing to high emission
efficiency, low drive voltage, excellent heat resistance and
long life in an organic EL device, particularly an emission
material which is excellent in emission of blue color. Further,
an object of the present invention is to provide an organic EL
device using the above emission material.

Means for Solving the Problems

[0004] Intensive investigations repeated by the present
inventors have resulted in finding that an organic EL device
which has high emission efficiency, high luminance and long
life and which can be driven at low voltage can be obtained by
using alone for an emission layer of the organic EL device, a
novel emission material having specific structure in which
anthracene is fundamental structure and in which 1-position,
8-position and 10-position are independently replaced by aryl
or heteroaryl or using it in combination with other emission
materials, and they have completed the present invention
based on the above knowledge.

[0005] Terms used in the present invention are defined as
follows. Alkyl may be a linear group or a branched group.
This applies to a case where optional —CH,— in this group
is replaced by —O— or arylene. The term “optional” used in
the present invention shows that the position and the number
are optional, and it means “at least one selected without
distinguishing”. When plural groups or atoms are replaced by
other groups, they each may be replaced by different groups.
For example, a case where optional —CH,— in alkyl may be
replaced by —O— or phenylene shows that it may be any of
alkoxyphenyl, alkoxyphenylalkyl, alkoxyalkylphenylalkyl,
phenoxy, phenylalkoxy, phenylalkoxyalkyl, alkylphenoxy,
alkylphenylalkoxy and alkylphenylalkoxyalkyl. The groups
of alkoxy and alkoxyalkyl in the above groups may be linear
groups or branched groups. Provided that when it is described
in the present invention that optional —CH,— may be
replaced by —O—, a case where continuous plural —CH,—
are replaced by —O— is not included. Further, “an emission
material represented by Formula (1)” is shown by “an emis-
sion material (1)” in the present specification.

[0006] The problems described above are solved by the
respective items shown below.

[1] An emission material represented by the following For-
mula (1):

M
Ar R’ Ar

R3 R*

R! Ar! R®

wherein R* to R are independently hydrogen, alkyl having 1
to 24 carbon atoms or cycloalkyl having 3 to 24 carbon atoms;
optional —CH,— in the above alkyl having 1 to 24 carbon
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atoms may be replaced by —O—, and optional —CH,—
other than —CH,— directly bonded to the anthracene ring
may be replaced by arylene having 6 to 24 carbon atoms;
optional hydrogens in the above cycloalkyl having 3 to 24
carbon atoms may be replaced by alkyl having 1 to 24 carbon
atoms or aryl having 6 to 50 carbon atoms;

Ar' is one selected from the group consisting of non-con-
densed aryl having 6 to 50 carbon atoms, 2-naphthyl,
9-phenanthryl, 6-chrysenyl, 2-triphenylenyl, 2-fluorenyl,
9-carbazolyl, 2-thienyl and 2-benzothienyl;

optional hydrogens in the above groups may be replaced by
alkyl having 1 to 24 carbon atoms, cycloalkyl having 3 to 12
carbon atoms, aryl having 6 to 24 carbon atoms or heteroaryl;
optional —CH,— in the above alkyl having 1 to 24 carbon
atoms may be replaced by —O—, and optional —CH,—
other than —CH,— directly bonded to the above groups may
be replaced by arylene having 6 to 24 carbon atoms; optional
hydrogens in the above cycloalkyl having 3 to 24 carbon
atoms may be replaced by alkyl having 1 to 24 carbon atoms
oraryl having 6 to 24 carbon atoms; optional hydrogens in the
above aryl having 6 to 24 carbon atoms may be replaced by
alkyl having 1 to 12 carbon atoms, cycloalkyl having 3 to 12
carbon atoms or aryl having 6 to 24 carbon atoms, and
optional hydrogens in the above heteroaryl may be replaced
by alkyl having 1 to 12 carbon atoms, cycloalkyl having 3 to
12 carbon atoms or aryl having 6 to 24 carbon atoms; and
Ar* and Ar® are independently non-condensed aryl having 6
to 50 carbon atoms, condensed aryl having 10 to 50 carbon
atoms or heteroaryl.

[2] The emission material as described in the above item 1,
wherein R’ to R” are independently hydrogen, methyl or
tert-butyl, and Ar' is non-condensed aryl having 6 to 50 car-
bon atoms.

[3] The emission material as described in the above item 1,
wherein R' to R” are independently hydrogen, methyl or
tert-butyl, and Ar' is phenyl, biphenylyl, terphenylyl or
quaterphenylyl.

[4] The emission material as described in the above item 1,
wherein R’ to R” are independently hydrogen, methyl or
tert-butyl, and Ar' is 2-naphthyl, 9-phenanthryl, 6-chrysenyl,
2-triphenylenyl, 2-fluorenyl, 9-carbazolyl, 2-thienyl or
2-benzothienyl.

[5] An emission material represented by the following For-
mula (1):

A R’ A
R? l l l R*
R? R’
R! Arl RS

wherein R' to R” are independently hydrogen, methyl or
tert-butyl, and Ar' is non-condensed aryl represented by For-
mula (2);

Ar* and Ar’ are independently phenyl, 4-tert-butylphenyl,
4-(9-carbazolyl)phenyl, 2-biphenylyl, 3-biphenylyl, 4-biphe-
nylyl, m-terphenyl-5'-yl, 3,5-di(2-naphthyl)phenyl, p-quater-
phenyl-3'-yl, m-quaterphenyl-3-yl, o-quaterphenyl-2-yl,
1-naphthyl, 4-phenyl-1-naphthyl, 4-(9-carbazolyl)-1-naph-
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thyl, 2-naphthyl, 6-(m-terphenyl-5'-yl)-2-naphthyl, 6-(2-
naphthyl)-2-naphthyl, 9-phenanthryl, 2-benzothienyl or
3-phenyl-2-benzothienyl;

2
R12 R!3 @

oAl =
ol [0

R! RIS RIS

wherein n is an integer of 0 to §;

R® to R'® are independently hydrogen, alkyl having 1 to 24
carbon atoms, cycloalkyl having 3 to 24 carbon atoms, aryl
having 6 to 24 carbon atoms or heteroaryl; optional —CH,—
in the above alkyl having 1 to 24 carbon atoms may be
replaced by —O—, and optional —CH,— other than
—CH,— directly bonded to the benzene ring may be
replaced by arylene having 6 to 24 carbon atoms; optional
hydrogens in the above cycloalkyl having 3 to 24 carbon
atoms may be replaced by alkyl having 1 to 24 carbon atoms
oraryl having 6 to 24 carbon atoms; optional hydrogens in the
above aryl having 6 to 24 carbon atoms may be replaced by
alkyl having 1 to 24 carbon atoms, cycloalkyl having 3 to 24
carbon atoms or aryl having 6 to 24 carbon atoms; and
optional hydrogens in the above heteroaryl may be replaced
by alkyl having 1 to 12 carbon atoms, cycloalkyl having 3 to
12 carbon atoms or aryl having 6 to 24 carbon atoms.

[6] The emission material as described in the above item 5,
wherein Ar' is phenyl, biphenylyl, terphenylyl or quaterphe-
nylyl in which optional hydrogens may be replaced by
methyl, tert-butyl, phenyl, 2-naphthyl, 1-naphthyl, 2-ben-
zothienyl, 3-phenyl-2-benzothienyl or 9-carbazolyl.

[7] The emission material as described in the above item 5,
wherein Ar' is phenyl, 2-biphenylyl, 3-biphenylyl, 4-biphe-
nylyl, m-terphenyl-5'-yl, m-quaterphenyl-3-yl or o-quater-
phenyl-3-yl in which optional hydrogens may be replaced by
methyl, tert-butyl, phenyl, 2-naphthyl, 1-naphthyl, 2-ben-
zothienyl, 3-phenyl-2-benzothienyl or 9-carbazolyl.

[8] An emission material represented by the following For-
mula (1):

@®

Ar? R’ AP
R3 I l l R*
R? R’
R! Ar! R®

wherein R' to R” are independently hydrogen, methyl or
tert-butyl;

Ar' is 2-naphthyl, 9-phenanthryl, 6-chrysenyl, 2-triphenyle-
nyl, 2-fluorenyl, 9-carbazolyl, 2-thienyl or 2-benzothienyl in
which optional hydrogens may be replaced by methyl, tert-
butyl, phenyl, m-terphenyl-5'-yl, 2-naphthyl, 1-naphthyl,
2-benzothienyl, 3-phenyl-2-benzothienyl or 9-carbazolyl;
and

Ar” and Ar’ are independently phenyl, 4-tert-butylphenyl,
4-(9-carbazolyl)phenyl, 2-biphenylyl, 3-biphenylyl, 4-biphe-
nylyl, m-terphenyl-5'-yl, 3,5-di(2-naphthyl)phenyl, p-quater-
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phenyl-3'-yl, m-quaterphenyl-3-yl, o-quaterphenyl-2-yl,
1-naphthyl, 4-phenyl-1-naphthyl, 4-(9-carbazolyl)-1-naph-
thyl, 2-naphthyl, 6-(m-terphenyl-5'-yl)-2-naphthyl, 6-(2-
naphthyl)-2-naphthyl, 9-phenanthryl, 2-benzothienyl or
3-phenyl-2-benzothienyl.

[9] The emission material as described in any of the above
items 5 to 7, wherein Ar' is one selected from phenyl, 4-tert-
butylphenyl and 4-(9-carbazolyl)phenyl.

[10] The emission material as described in any of the above
items 5 to 7, wherein Ar" is one selected from 2-biphenylyl,
3-biphenylyl and 4-biphenylyl.

[11] The emission material as described in any of claims 5 to
7, wherein Ar' is m-terphenyl-5'-yl.

[12] The emission material as described in any of the above
items 5 to 7, wherein Ar" is 3,5-di(2-naphthyl)phenyl.

[13] The emission material as described in any of the above
items 5 to 7, wherein Ar' is m-quaterphenyl-3-yl or o-quater-
phenyl-2-yl.

[14] The emission material as described in the above item 8,
[0007] wherein Ar’ is one selected from 2-naphthyl, 6-(m-
terphenyl-5'-yl)-2-naphthyl, 6-(2-naphthyl)-2-naphthyl and
6-(9-carbazolyl)-2-naphthyl.

[15] The emission material as described in the above item 8,
wherein Ar' is 9-phenanthryl.

[16] The emission material as described in the above item 8,
wherein Ar' is 9-carbazolyl.

[17] The emission material as described in the above item 8,
wherein Ar' is 2-benzothienyl or 3-phenyl-2-benzothienyl.
[18] The emission material as described in any of the above
items 9 to 17, wherein R' to R are hydrogens; R” is hydrogen
or methyl; and Ar® and Ar® are one selected from phenyl,
4-tert-butylphenyl and 4-(9-carbazolyl)phenyl.

[19] The emission material as described in any of the above
items 9 to 17, wherein R* to R® are hydrogens; R is hydrogen
or methyl; and Ar* and Ar® are one selected from 2-bipheny-
lyl, 3-biphenylyl and 4-biphenylyl.

[20] The emission material as described in any of the above
items 9 to 17, wherein R' to R% are hydrogens; R” is hydrogen
or methyl; and Ar* and Ar® are m-terphenyl-5'-yl.

[21] The emission material as described in any of the above
items 9 to 17, wherein R* to R® are hydrogens; R is hydrogen
or methyl; and Ar* and Ar® are 3,5-di(2-naphthyl)phenyl.
[22] The emission material as described in any of the above
items 9 to 17, wherein R* to R® are hydrogens; R is hydrogen
or methyl; and Ar* and Ar® are one selected from p-quater-
phenyl-3'-yl, m-quaterphenyl-3-yl and o-quaterphenyl-2-yl.
[23] The emission material as described in any of the above
items 9 to 17, wherein R' to R are hydrogens; R” is hydrogen
or methyl; and Ar* and Ar® are one selected from 1-naphthyl,
4-phenyl-1-naphthyl and 4-(9-carbazolyl)-1-naphthyl.

[24] The emission material as described in any of the above
items 9 to 17, wherein R* to R® are hydrogens; R is hydrogen
or methyl; and Ar* and Ar® are one selected from 2-naphthyl,
6-(m-terphenyl-5'-yl)-2-naphthyl and  6-(2-naphthyl)-2-
naphthyl.

[25] The emission material as described in any of the above
items 9 to 17, wherein R' to R® are hydrogens; R” is hydrogen
or methyl; and Ar* and Ar® are 9-phenanthryl.

[26] The emission material as described in any of the above
items 9 to 18, wherein R' to R% are hydrogens; R” is hydrogen
or methyl; and Ar® and Ar® are 2-benzothienyl or 3-phenyl-
2-benzothienyl.

[27] An organic electroluminescent device comprising a sub-
strate and provided thereon at least a hole transport layer, an
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emission layer and an electron transport layer which are sand-
wiched between an anode and a cathode, wherein the above
emission layer comprises the emission material as described
in the above items 1 to 26.

EFFECTS OF THE INVENTION

[0008] The emission material of the present invention can
be used for emission of various colors, and it is particularly
excellent in emission of blue color. Use of the above emission
material makes it possible to provide an organic EL device
having high emission efficiency, low drive voltage, excellent
heat resistance and long life. Use of the organic EL device of
the present invention makes it possible to produce a display
unit having a high performance used for full color display.

BEST MODE FOR CARRYING OUT THE

INVENTION
[0009] The present invention shall be explained below in
further details.
[0010] The first present invention is an emission material

having an anthracene skeleton represented by Formula (1):

M
Ar? R’ A’

R3 I l l R*
RZ RS

R! Ar! R®

[0011] In Formula (1), R! to R” are independently hydro-
gen, alkyl having 1 to 24 carbon atoms or cycloalkyl having 3
to 24 carbon atoms. R* to R” may be the same or different.
[0012] The examples of the alkyl having 1 to 24 carbon
atoms are methyl, ethyl, n-propyl, isopropyl, n-butyl, isobu-
tyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, tert-pentyl, neo-
pentyl, n-hexyl, isohexyl, 1-methylpentyl, 2-methylpentyl,
n-hexyl, isohexyl, 1-methylpentyl, 2-methylpentyl and 5-me-
thylhexyl.

[0013] Optional —CH,— in the above alkyl having 1 to 24
carbon atoms may be replaced by —O—, and optional
—CH,— other than —CH,— directly bonded to the
anthracene ring may be replaced by arylene having 6 to 24
carbon atoms. The examples of the arylene having a carbon
number of 6 to 24 are 1,2-phenylene, 1,3-phenylene, 1,4-
phenylene, naphthalene-2,6-diyl and naphthalene-1,4-diyl.
The preferred example of the arylene having 6 to 24 carbon
atoms is 1,4-phenylene.

[0014] The examples of the alkyl having 1 to 24 carbon
atoms in which optional —CH,— is replaced by —O— are
methoxy, ethoxy, propyloxy, isopropyloxy, n-butyloxy,
isobutyloxy, sec-butyloxy, tert-butyloxy, n-pentyloxy, iso-
pentyloxy, tert-pentyloxy, neopentyloxy, n-hexyloxy, iso-

hexyloxy, 1-methylpentyloxy, 2-methylpentyloxy and
n-hexyloxy.
[0015] The examples of the alkyl having 1 to 24 carbon

atoms in which optional —CH,— is replaced by arylene
having 6 to 24 carbon atoms are 2-phenylethyl, 2-(4-meth-
ylphenyl)ethyl, 1-methyl-1-phenylethyl, 1,1-dimethyl-2-
phenylethyl and trityl.
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[0016] The examples of the alkyl having 1 to 24 carbon
atoms in which optional —CH,— is replaced by —O— and
in which optional —CH,— other than —CH,— directly
bonded to anthracene is replaced by arylene having 6 to 24
carbon atoms are phenoxy, o-tolyloxy, m-tolyloxy, p-toly-
loxy, 1-naphthoxy, 2-naphthoxy, 2,4-dimethylphenoxy, 2,6-
dimethylphenoxy, 2,4,6-trimethylphenoxy, 4-tert-butylphe-
noxy, 2,4-di-tert-butylphenoxy, 2,4,6-tri-tert-butylphenoxy,
2-phenylethoxy and 2-(4-methylphenyl)ethoxy.

[0017] The examples of the cycloalkyl having 3 to 24 car-
bon atoms are cyclopropyl, cyclobutyl, cyclopentyl and
cyclohexyl. Optional hydrogens in the above cycloalkyl hav-
ing 3 to 24 carbon atoms may be replaced by alkyl having 1 to
24 carbon atoms or aryl having 6 to 50 carbon atoms.
[0018] The examples of the cycloalkyl having 3 to 24 car-
bon atoms in which optional hydrogens are replaced by alkyl
having 1 to 24 carbon atoms are 2-methylcyclohexyl, 3-me-
thylcyclohexyl, 4-methylcyclohexyl, 2.4,6-trimethylcyclo-
hexyl, 2-tert-butylcyclohexyl, 3-tert-butylcyclohexyl, 4-tert-
butylcyclohexyl and 2,4,6-tri-tert-butylcyclohexyl.

[0019] The examples of the cycloalkyl having 3 to 24 car-
bon atoms in which optional hydrogens are replaced by aryl
having 6 to 50 carbon atoms are 2-phenylcyclohexyl, 3-phe-
nylcyclohexyl, 4-phenylcyclohexyl, 2,4-diphenylcyclohexyl
and 3,5-diphenylcyclohexyl.

[0020] The preferred examples of R to R” are hydrogen,
methyl and tert-butyl, and the more preferred examples of R”
are hydrogen and methyl.

[0021] Ar’ is one selected from the group consisting of
non-condensed aryl having 6 to 50 carbon atoms, 2-naphthyl,
9-phenanthryl, 6-chrysenyl, 2-triphenylenyl, 2-fluorenyl,
9-carbazolyl, 2-thienyl and 2-benzothienyl.

[0022] The non-condensed aryl having 6 to 50 carbon
atoms is represented by Formula (2):

R Rl6 R 15

[0023] InFormula (2), nis an integer of 0 to 8, preferably 0
to 4. When n is an integer of 1 to 8, phenylene in the middle is
independently optionally selected from 1,2-phenylene, 1,3-
phenylene and 1,4-phenylene. If 1,2-phenylene is selected, an
emission wavelength of a blue color originating in the funda-
mental skeleton can be maintained, and therefore it is pre-
ferred. If 1,4-phenylene is selected, the compound is charac-
terized by that it is increased in rigidity, excellent in a heat
resistance and extended in a life. 1,3-Phenylene brings char-
acteristics positioned in the middle of both to the compound.
Considering a wavelength, heat resistance and life which are
expected to the emission material based on the design of the
device, the conditions of the number of n and the kind of the
phenylene are added, whereby the emission material meeting
the objects can be obtained.

[0024] R®to R'® are independently hydrogen, alkyl having
1 to 24 carbon atoms, cycloalkyl having 3 to 24 carbon atoms,
aryl having 6 to 24 carbon atoms or heteroaryl.

[0025] The examples of the alkyl having 1 to 24 carbon
atoms are methyl, ethyl, n-propyl, isopropyl, n-butyl, isobu-
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tyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, tert-pentyl, neo-
pentyl, n-hexyl, isohexyl, 1-methylpentyl, 2-methylpentyl,
n-hexyl, isohexyl, 1-methylpentyl, 2-methylpentyl and 5-me-
thylhexyl.

[0026] Optional —CH,— in the above alkyl having 1 to 24
carbon atoms may be replaced by —O—, and optional
—CH,— other than —CH,— directly bonded to the benzene
ring may be replaced by arylene having 6 to 24 carbon atoms.
The examples of the arylene having 6 to 24 carbon atoms are
the same as described above, and the preferred example
thereof is 1,4-phenylene.

[0027] The examples of the alkyl having 1 to 24 carbon
atoms in which optional —CH,— is replaced by —O— are
methoxy, ethoxy, propyloxy, isopropyloxy, n-butyloxy,
isobutyloxy, sec-butyloxy, tert-butyloxy, n-pentyloxy, iso-
pentyloxy, tert-pentyloxy, neopentyloxy, n-hexyloxy, iso-
hexyloxy, 1-methylpentyloxy, 2-methylpentyloxyloxy and
n-hexyloxy.

[0028] The examples of the alkyl having 1 to 24 carbon
atoms in which optional —CH,— is replaced by arylene
having 6 to 24 carbon atoms are 2-phenylethyl, 2-(4-meth-
ylphenyl)ethyl, 1-methyl-1-phenylethyl, 1,1-dimethyl-2-
phenylethyl and trityl.

[0029] The examples of the alkyl having 1 to 24 carbon
atoms in which optional —CH,— is replaced by —O— and
in which optional —CH,— other than —CH,— directly
bonded to the benzene ring is replaced by arylene having 6 to
24 carbon atoms are phenoxy, o-tolyloxy, m-tolyloxy, p-toly-
loxy, 1-naphthoxy, 2-naphthoxy, 2,4-dimethylphenoxy, 2,6-
dimethylphenoxy, 2.,4,6-trimethylphenoxy, 4-tert-butylphe-
noxy, 2,4-di-tert-butylphenoxy, 2,4,6-tri-tert-butylphenoxy,
2-phenylethoxy and 2-(4-methylphenyl)ethoxy.

[0030] The examples of the cycloalkyl having 3 to 24 car-
bon atoms are cyclopropyl, cyclobutyl, cyclopentyl and
cyclohexyl.

[0031] Optional hydrogens in the above cycloalkyl having
3 to 24 carbon atoms may be replaced by alkyl having 1 to 24
carbon atoms or aryl having 6 to 24 carbon atoms.

[0032] The examples of the cycloalkyl having 3 to 24 car-
bon atoms in which optional hydrogens are replaced by alkyl
having 1 to 24 carbon atoms are 2-methylcyclohexyl, 3-me-
thylcyclohexyl, 4-methylcyclohexyl, 2,4,6-trimethylcyclo-
hexyl, 2-tert-butylcyclohexyl, 3-tert-butylcyclohexyl, 4-tert-
butylcyclohexyl and 2,4,6-tri-tert-butylcyclohexyl.

[0033] The examples of the cycloalkyl having 3 to 24 car-
bon atoms in which optional hydrogens are replaced by aryl
having 6 to 24 carbon atoms are 2-phenylcyclohexyl, 3-phe-
nylcyclohexyl, 4-phenylcyclohexyl, 2,4-diphenylcyclohexyl
and 3,5-diphenylcyclohexyl.

[0034] The examples of the aryl having 6 to 24 carbon
atoms are phenyl, 1-naphthyl, 2-naphthyl, 1-anthryl, 2-an-
thryl, 9-anthryl, 1-phenanthryl, 2-phenanthryl, 3-phenan-
thryl, 4-phenanthryl, 9-phenanthryl, 1-pyrenyl, 2-pyrenyl,
4-pyrenyl, 1-perylenyl, 2-perylenyl, 1-chrysenyl, 2-chryse-
nyl, 3-chrysenyl, 5-chrysenyl, 6-chrysenyl, 1-triphenylenyl,
2-triphenylenyl and 2-fluorenyl.

[0035] Optional hydrogens in the above aryl having 6 to 24
carbon atoms may be replaced by alkyl having 1 to 24 carbon
atoms, cycloalkyl having 3 to 12 carbon atoms or aryl having
6 to 24 carbon atoms. The examples of the aryl having 6 to 24
carbon atoms in which optional hydrogens are replaced by the
alkyl having 1 to 24 carbon atoms are o-tolyl, m-tolyl, p-tolyl,
2-biphenylyl, 3-biphenylyl, 4-biphenylyl, 2,4-dimethylphe-
nyl, 2,6-dimethylphenyl, 2.4,6-trimethylphenyl, 4-tert-bu-
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tylphenyl, 2,4-di-tert-butylphenyl, 2,4,6-tri-tert-butylphenyl,
4-methyl-1-naphthyl, 4-tert-butyl-1-naphthyl, 6-methyl-2-
naphthyl, 6-tert-butyl-2-naphthyl, 4-methyl-1-anthryl, 4-tert-
butyl-1-anthryl, 10-methyl-9-anthryl, 10-tert-butyl-9-anthryl
and 9,9-dimethyl-2-fluorenyl.

[0036] The examples of the aryl having 6 to 24 carbon
atoms in which optional hydrogens are replaced by the
cycloalkyl having 3 to 12 carbon atoms are 2-cyclohexylphe-
nyl, 3-cyclohexylphenyl, 4-cyclohexylphenyl, 2,4-dicyclo-
hexylphenyl and 3,5-dicyclohexylphenyl.

[0037] The examples of the aryl having 6 to 24 carbon
atoms in which optional hydrogens are replaced by the aryl
having 6 to 24 carbon atoms are m-terphenyl-2'-yl, m-terphe-
nyl-4'-yl, m-terphenyl-5'-yl, o-terphenyl-3'-yl, o-terphenyl-
4'-yl, p-terphenyl-2'-yl, m-terphenyl-2-yl, m-terphenyl-3-yl,
m-terphenyl-4-yl, o-terphenyl-2-yl, o-terphenyl-3-yl, o-ter-
phenyl-4-yl, p-terphenyl-2-yl, p-terphenyl-3-yl, p-terphenyl-
4-yl, 5'-phenyl-m-terphenyl-2-yl, 5'-phenyl-m-terphenyl-3-
yl,  5'-phenyl-m-terphenyl-4-yl, = m-quaterphenyl-2-yl,
m-quaterphenyl-3-yl, m-quaterphenyl-4-yl, o-quaterphenyl-
2-yl, o-quaterphenyl-3-yl, o-quaterphenyl-4-yl, 3,5-di(1-
naphthyl)phenyl, 3,5-di(2-naphthyl)phenyl, 4-phenyl-1-
naphthyl, 6-phenyl-2-naphthyl, 6-(2-naphthyl)-2-naphthyl,
6-(1-naphthyl)-2-naphthyl, 4-(2-naphthyl)-1-naphthyl, 4-(1-
naphthyl)-1-naphthyl and 9,9-diphenyl-2-fluorenyl.

[0038] The examples of the heteroaryl are 1-pyrroryl,
2-pyrroryl, 3-pyrroryl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2,2'-
bipyridyl-6-yl, 2,3'-bipyridyl-6-yl, 2,4'-bipyridyl-6-yl, 3,2'-
bipyridyl-6-yl, 3,3"-bipyridyl-6-yl, 3,4'-bipyridyl-6-yl, 1-in-
dolyl, 2-indolyl, 3-indolyl, 4-indolyl, 5-indolyl, 6-indolyl,
7-indolyl, 1-isoindolyl, 2-isoindolyl, 3-isoindolyl, 4-isoin-
dolyl, 5-isoindolyl, 6-isoindolyl, 7-isoindolyl, 2-furyl, 3-fu-
ryl, 2-benzofuranyl, 3-benzofuranyl, 4-benzofuranyl, 5-ben-
zofuranyl, 6-benzofuranyl, 7-benzofuranyl,
1-isobenzofuranyl, 3-isobenzofuranyl, 4-isobenzofuranyl,
S5-isobenzofuranyl, 6-isobenzofuranyl, 7-isobenzofuranyl,
2-quinolyl, 3-quinolyl, 4-quinolyl, 5-quinolyl, 6-quinolyl,
7-quinolyl, 8-quinolyl, 1-isoquinolyl, 3-isoquinolyl, 4-iso-
quinolyl, 5-isoquinolyl, 6-isoquinolyl, 7-isoquinolyl, 8-iso-
quinolyl, 2-quinoxalinyl, 5-quinoxalinyl, 6-quinoxalinyl,
1-carbazolyl, 2-carbazolyl, 3-carbazolyl, 4-carbazolyl, 9-car-
bazolyl, 1-phenanthridinyl, 2-phenanthridinyl, 3-phenan-
thridinyl, 4-phenanthridinyl, 6-phenanthridinyl, 7-phenan-
thridinyl, 8-phenanthridinyl, 9-phenanthridinyl,
10-phenanthridinyl, 1-acridinyl, 2-acridinyl, 3-acridinyl,
4-acridinyl, 9-acridinyl, 1,7-phenanthroline-2-yl, 1,7-
phenanthroline-3-yl, 1,7-phenanthroline-4-yl, 1,7-phenan-
throline-5-yl, 1,7-phenanthroline-6-yl, 1,7-phenanthroline-
8-yl, 1,7-phenanthroline-9-yl, 1,7-phenanthroline-10-y1, 1,8-
phenanthroline-2-yl, 1,8-phenanthroline-3-yl, 1,8-
phenanthroline-4-yl, 1,8-phenanthroline-5-yl, 1,8-
phenanthroline-6-yl, 1,8-phenanthroline-7-yl, 1,8-
phenanthroline-9-yl, 1,8-phenanthroline-10-yl, 1,9-
phenanthroline-2-yl, 1,9-phenanthroline-3-yl, 1,9-
phenanthroline-4-yl, 1,9-phenanthroline-5-yl, 1,9-
phenanthroline-6-yl, 1,9-phenanthroline-7-yl, 1,9-
phenanthroline-8-yl, 1,9-phenanthroline-10-yl, 1,10-
phenanthroline-2-yl, 1,10-phenanthroline-3-yl, 1,10-
phenanthroline-4-yl, 1,10-phenanthroline-5-yl, 2,9-
phenanthroline-1-yl, 2,9-phenanthroline-3-yl, 2,9-
phenanthroline-4-yl, 2,9-phenanthroline-5-yl, 2,8-
phenanthroline-1-yl, 2,8-phenanthroline-3-yl, 2,8-
phenanthroline-4-yl, 2,8-phenanthroline-5-yl1, 2,8-
phenanthroline-6-yl, 2,8-phenanthroline-7-yl, 2,8-
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phenanthroline-9-yl,
phenanthroline-1-yl,
phenanthroline-4-yl,

2,8-phenanthroline-10-yl, 2,7-
2,7-phenanthroline-3-yl, 2,7-
2,7-phenanthroline-5-yl, 2,7-
phenanthroline-6-yl, 2,7-phenanthroline-8-yl, 2,7-
phenanthroline-9-yl, 2,7-phenanthroline-10-yl,
1-phenazinyl, 2-phenazinyl, 1-phenothiazinyl, 2-phenothi-
azinyl, 3-phenothiazinyl, 4-phenothiazinyl, 10-phenothiazi-
nyl, 1-phenoxazinyl, 2-phenoxazinyl, 3-phenoxazinyl,
4-phenoxazinyl, 10-phenoxazinyl, 3-furazanyl, 2-thienyl,
3-thienyl, 2-benzothienyl, 3-benzothienyl, 4-benzothienyl,
5-benzothienyl, 6-benzothienyl, 7-benzothienyl, 1-isoben-
zothienyl, 3-isobenzothienyl, 4-isobenzothienyl, 5-isoben-
zothienyl, 6-isobenzothienyl and 7-isobenzothienyl.

[0039] Optional hydrogens in the above heteroaryl may be
replaced by alkyl having 1 to 24 carbon atoms, cycloalkyl
having 3 to 12 carbon atoms or aryl having 6 to 24 carbon
atoms. The examples of the heteroaryl in which optional
hydrogens are replaced by the alkyl having 1 to 24 carbon
atoms are 5-methyl-2-thienyl, 5-methyl-3-thienyl, 2,5-dim-
ethyl-3-thienyl, 3,4,5-trimethyl-2-thienyl, 3-methyl-2-ben-
zothienyl, 2-methyl-3-benzothienyl, 2-methylpyrrole-1-yl,
2,5-dimethylpyrrole-1-yl, 2-methyl-1-indolyl, 2-tert-butyl-
1-indolyl, 3-methyl-9-carbazolyl, 3,6-dimethyl-9-carba-
zolyl, 3,6-di-tert-butyl-9-carbazolyl and 9-methyl-3-carba-
zolyl.

[0040] The examples of the heteroaryl in which optional
hydrogens are replaced by the cycloalkyl having 3 to 12
carbon atoms are 5-cyclohexyl-2-thienyl, 3-cyclohexyl-2-
benzothienyl, 2-cyclohexyl-3-benzothienyl, 3-cyclohexyl-9-
carbazolyl, 3,6-dicyclohexyl-9-carbazolyl and 9-cyclohexyl-
3-carbazolyl.

[0041] The examples of the heteroaryl in which optional
hydrogens are replaced by the aryl having 6 to 24 carbon
atoms are 5-phenyl-2-thienyl, 5-(1-naphthyl)-2-thienyl, 5-(2-
naphthyl)-2-thienyl, 5-phenyl-3-thienyl, 2,5-diphenyl-3-
thienyl, 2-phenyl-5-(1-naphthyl)-3-thienyl, 2-phenyl-5-(2-
naphthyl)-3-thienyl, 3,4,5-triphenyl-2-thienyl, 3,4-diphenyl-
5-(1-naphthyl)-2-thienyl,  3,4-diphenyl-5-(2-naphthyl)-2-
thienyl, 3-phenyl-2-benzothienyl, 3-(1-naphthyl)-2-
benzothienyl, 3-(2-naphthyl)-2-benzothienyl, 2-phenyl-3-
benzothienyl, 3-phenyl-9-carbazolyl, 3-(1-naphthyl)-9-
carbazolyl, 3-(2-naphthyl)-9-carbazolyl, 3,6-diphenyl-9-
carbazolyl,  3,6-di(1-naphthyl)-9-carbazolyl,  3,6-di(2-
naphthyl)-9-carbazolyl, 3,6-di(4-tert-butylphenyl)-9-
carbazolyl, 9-phenyl-3-carbazolyl, 9-(1-naphthyl)-3-
carbazolyl and 9-(2-naphthyl)-3-carbazolyl.

[0042] In 2-naphthyl, 9-phenanthryl, 6-chrysenyl, 2-triph-
enylenyl, 2-fluorenyl, 9-carbazolyl, 2-thienyl and 2-ben-
zothienyl, optional hydrogens in the above rings may be
replaced by alkyl having 1 to 24 carbon atoms, cycloalkyl
having 3 to 24 carbon atoms, aryl having 6 to 24 carbon atoms
or heteroaryl.

[0043] Ifhydrogenina position adjacent to an atom bonded
to anthracene in 2-naphthyl, 9-phenanthryl, 6-chrysenyl,
2-triphenylenyl, 2-fluorenyl, 9-carbazolyl, 2-thienyl or
2-benzothienyl is substituted with a substituent, an emission
wavelength of a blue color originating in a fundamental skel-
eton thereof can be maintained, and it is suited to blue color
emission. If hydrogens in the other positions are substituted,
the compound is increased in rigidity and excellent in heat
resistance. The emission material meeting the object can be
obtained by suitably selecting the number of the substituents
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and the positions thereof considering emission wavelength
and heat resistance expected to the emission material based
on the design of the device.

[0044] The examples of the alkyl having 1 to 24 carbon
atoms are methyl, ethyl, n-propyl, isopropyl, n-butyl, isobu-
tyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, tert-pentyl, neo-
pentyl, n-hexyl, isohexyl, 1-methylpentyl, 2-methylpentyl,
n-hexyl, isohexyl, 1-methylpentyl, 2-methylpentyl and 5-me-
thylhexyl.

[0045] Optional —CH,— in the above alkyl having 1 to 24
carbon atoms may be replaced by —O—, and optional
—CH,— other than —CH,— bonded directly to the groups
described above may be replaced by arylene having 6 to 24
carbon atoms. The examples of the arylene having 6 to 24
carbon atoms are the same as described above, and the pre-
ferred example thereof is 1,4-phenylene.

[0046] The examples of the alkyl having 1 to 24 carbon
atoms in which optional —CH,— is replaced by —O— are
methoxy, ethoxy, propyloxy, isopropyloxy, n-butyloxy,
isobutyloxy, sec-butyloxy, tert-butyloxy, n-pentyloxy, iso-
pentyloxy, tert-pentyloxy, neopentyloxy, n-hexyloxy, iso-
hexyloxy, 1-methylpentyloxy, 2-methylpentyloxy and
n-hexyloxy.

[0047] The examples of the alkyl having 1 to 24 carbon
atoms in which optional —CH,— is replaced by arylene
having 6 to 24 carbon atoms are 2-phenylethyl, 2-(4-meth-

ylphenyl)ethyl, 1-methyl-1-phenylethyl, 1,1-dimethyl-2-
phenylethyl and trityl.
[0048] The examples of the alkyl having 1 to 24 carbon

atoms in which optional —CH,— is replaced by —O— and
in which optional —CH,— other than —CH,— bonded
directly to the groups described above is replaced by arylene
having 6 to 24 carbon atoms are phenoxy, o-tolyloxy, m-toly-
loxy, p-tolyloxy, 1-naphthoxy, 2-naphthoxy, 2,4-dimeth-
ylphenoxy, 2,6-dimethylphenoxy, 2,4,6-trimethylphenoxy,
4-tert-butylphenoxy, 2,4-di-tert-butylphenoxy, 2,4,6-tri-tert-

butylphenoxy, 2-phenylethoxy and 2-(4-methylphenyl)
ethoxy.
[0049] The examples of the cycloalkyl having 3 to 24 car-

bon atoms are cyclopropyl, cyclobutyl, cyclopentyl and
cyclohexyl. Optional hydrogens in the above cycloalkyl hav-
ing 3 to 24 carbon atoms may be replaced by alkyl having 1 to
24 carbon atoms or aryl having 6 to 24 carbon atoms.
[0050] The examples of the cycloalkyl having 3 to 24 car-
bon atoms in which optional hydrogens are replaced by the
alkyl having 1 to 24 carbon atoms are 2-methylcyclohexyl,
3-methylcyclohexyl, 4-methylcyclohexyl, 2,4,6-trimethylcy-
clohexyl, 2-tert-butylcyclohexyl, 3-tert-butylcyclohexyl,
4-tert-butylcyclohexyl and 2,4,6-tri-tert-butylcyclohexyl.
[0051] The examples of the cycloalkyl having 3 to 24 car-
bon atoms in which optional hydrogens are replaced by the
aryl having 6 to 24 carbon atoms are 2-phenylcyclohexyl,
3-phenylcyclohexyl, 4-phenylcyclohexyl, 2,4-diphenylcy-
clohexyl and 3,5-diphenylcyclohexyl.

[0052] The examples of the aryl having 6 to 24 carbon
atoms are phenyl, 1-naphthyl, 2-naphthyl, 1-anthryl, 2-an-
thryl, 9-anthryl, 1-phenanthryl, 2-phenanthryl, 3-phenan-
thryl, 4-phenanthryl, 9-phenanthryl, 1-pyrenyl, 2-pyrenyl,
4-pyrenyl, 1-perylenyl, 2-perylenyl, 1-chrysenyl, 2-chryse-
nyl, 3-chrysenyl, 5-chrysenyl, 6-chrysenyl, 1-triphenylenyl,
2-triphenylenyl and 2-fluorenyl. Optional hydrogens in the
above aryl having 6 to 24 carbon atoms may be replaced by
alkyl having 1 to 24 carbon atoms, cycloalkyl having 3 to 12
carbon atoms or aryl having 6 to 24 carbon atoms.

[0053] The examples of the aryl having 6 to 24 carbon
atoms in which optional hydrogens are replaced by the alkyl
having 1 to 24 carbon atoms are o-tolyl, m-tolyl, p-tolyl,
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2-biphenylyl, 3-biphenylyl, 4-biphenylyl, 2,4-dimethylphe-
nyl, 2,6-dimethylphenyl, 2.4,6-trimethylphenyl, 4-tert-bu-
tylphenyl, 2,4-di-tert-butylphenyl, 2,4,6-tri-tert-butylphenyl,
4-methyl-1-naphthyl, 4-tert-butyl-1-naphthyl, 6-methyl-2-
naphthyl, 6-tert-butyl-2-naphthyl, 4-methyl-1-anthryl, 4-tert-
butyl-1-anthryl, 10-methyl-9-anthryl, 10-tert-butyl-9-anthryl
and 9,9-dimethyl-2-fluorenyl.

[0054] The examples of the aryl having 6 to 24 carbon
atoms in which optional hydrogens are replaced by the
cycloalkyl having 3 to 12 carbon atoms are 2-cyclohexylphe-
nyl, 3-cyclohexylphenyl, 4-cyclohexylphenyl, 2,4-dicyclo-
hexylphenyl and 3,5-dicyclohexylphenyl.

[0055] The examples of the aryl having 6 to 24 carbon
atoms in which optional hydrogens are replaced by the aryl
having 6 to 24 carbon atoms are m-terphenyl-2'-yl, m-terphe-
nyl-4'-yl, m-terphenyl-5'-yl, o-terphenyl-3'-yl, o-terphenyl-
4'-yl, p-terphenyl-2'-yl, m-terphenyl-2-yl, m-terphenyl-3-yl,
m-terphenyl-4-yl, o-terphenyl-2-yl, o-terphenyl-3-yl, o-ter-
phenyl-4-yl, p-terphenyl-2-yl, p-terphenyl-3-yl, p-terphenyl-
4-yl, 51-phenyl-m-terphenyl-2-yl, 5'-phenyl-m-terphenyl-3-
yl,  5-phenyl-m-terphenyl-4-yl,  m-quaterphenyl-2-yl,
m-quaterphenyl-3-yl, m-quaterphenyl-4-yl, o-quaterphenyl-
2-yl, o-quaterphenyl-3-yl, o-quaterphenyl-4-yl, 3,5-di(1-
naphthyl)-phenyl, 3,5-di(2-naphthyl)-phenyl, 4-phenyl-1-
naphthyl, 6-phenyl-2-naphthyl, 6-(2-naphthyl)-2-naphthyl,
6-(1-naphthyl)-2-naphthyl, 4-(2-naphthyl)-1-naphthyl, 4-(1-
naphthyl)-1-naphthyl and 9,9-diphenyl-2-fluorenyl.

[0056] The examples of the heteroaryl are 1-pyrroryl,
2-pyrroryl, 3-pyrroryl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2,2'-
bipyridyl-6-y1, 2,3'-bipyridyl-6-yl, 2,4'-bipyridyl-6-yl, 3,2'-
bipyridyl-6-yl, 3,3'-bipyridyl-6-yl, 3,4'-bipyridyl-6-yl, 1-in-
dolyl, 2-indolyl, 3-indolyl, 4-indolyl, 5-indolyl, 6-indolyl,
7-indolyl, 1-isoindolyl, 2-isoindolyl, 3-isoindolyl, 4-isoin-
dolyl, 5-isoindolyl, 6-isoindolyl, 7-isoindolyl, 2-furyl, 3-fu-
ryl, 2-benzofuranyl, 3-benzofuranyl, 4-benzofuranyl, 5-ben-
zofuranyl, 6-benzofuranyl, 7-benzofuranyl,
1-isobenzofuranyl, 3-isobenzofuranyl, 4-isobenzofuranyl,
S-isobenzofuranyl, 6-isobenzofuranyl, 7-isobenzofuranyl,
2-quinolyl, 3-quinolyl, 4-quinolyl, 5-quinolyl, 6-quinolyl,
7-quinolyl, 8-quinolyl, 1-isoquinolyl, 3-isoquinolyl, 4-iso-
quinolyl, 5-isoquinolyl, 6-isoquinolyl, 7-isoquinolyl, 8-iso-
quinolyl, 2-quinoxalinyl, 5-quinoxalinyl, 6-quinoxalinyl,
1-carbazolyl, 2-carbazolyl, 3-carbazolyl, 4-carbazolyl, 9-car-
bazolyl, 1-phenanthridinyl, 2-phenanthridinyl, 3-phenan-
thridinyl, 4-phenanthridinyl, 6-phenanthridinyl, 7-phenan-
thridinyl, 8-phenanthridinyl, 9-phenanthridinyl,
10-phenanthridinyl, 1-acridinyl, 2-acridinyl, 3-acridinyl,
4-acridinyl, 9-acridinyl, 1,7-phenanthroline-2-yl, 1,7-
phenanthroline-3-yl, 1,7-phenanthroline-4-yl, 1,7-phenan-
throline-5-yl, 1,7-phenanthroline-6-yl, 1,7-phenanthroline-
8-yl, 1,7-phenanthroline-9-yl, 1,7-phenanthroline-10-yl1, 1,8-
phenanthroline-2-yl, 1,8-phenanthroline-3-yl, 1,8-
phenanthroline-4-yl, 1,8-phenanthroline-5-y1, 1,8-
phenanthroline-6-yl, 1,8-phenanthroline-7-yl, 1,8-
phenanthroline-9-yl, 1,8-phenanthroline-10-yl, 1,9-
phenanthroline-2-yl, 1,9-phenanthroline-3-yl, 1,9-
phenanthroline-4-yl, 1,9-phenanthroline-5-y1, 1,9-
phenanthroline-6-yl, 1,9-phenanthroline-7-yl, 1,9-
phenanthroline-8-yl, 1,9-phenanthroline-10-yl, 1,10-
phenanthroline-2-yl, 1,10-phenanthroline-3-yl, 1,10-
phenanthroline-4-yl, 1,10-phenanthroline-5-yl, 2,9-
phenanthroline-1-yl, 2,9-phenanthroline-3-yl, 2,9-
phenanthroline-4-yl, 2,9-phenanthroline-5-yl, 2,8-
phenanthroline-1-yl, 2,8-phenanthroline-3-yl, 2.8-
phenanthroline-4-yl, 2,8-phenanthroline-5-yl, 2.8-
phenanthroline-6-yl, 2,8-phenanthroline-7-yl, 2,8-
phenanthroline-9-yl, 2,8-phenanthroline-10-yl, 2,7-
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phenanthroline-1-yl,
phenanthroline-4-yl,

2,7-phenanthroline-3-yl, 2,7-
2,7-phenanthroline-5-yl1, 2,7-
phenanthroline-6-yl, 2,7-phenanthroline-8-yl, 2,7-
phenanthroline-9-yl, 2,7-phenanthroline-10-yl,
1-phenazinyl, 2-phenazinyl, 1-phenothiazinyl, 2-phenothi-
azinyl, 3-phenothiazinyl, 4-phenothiazinyl, 10-phenothiazi-
nyl, 1-phenoxazinyl, 2-phenoxazinyl, 3-phenoxazinyl,
4-phenoxazinyl, 10-phenoxazinyl, 3-furazanyl, 2-thienyl,
3-thienyl, 2-benzothienyl, 3-benzothienyl, 4-benzothienyl,
5-benzothienyl, 6-benzothienyl, 7-benzothienyl, 1-isoben-
zothienyl, 3-isobenzothienyl, 4-isobenzothienyl, 5-isoben-
zothienyl, 6-isobenzothienyl and 7-isobenzothienyl.

[0057] Optional hydrogens in the above heteroaryl may be
replaced by alkyl having 1 to 24 carbon atoms, cycloalkyl
having 3 to 12 carbon atoms or aryl having 6 to 24 carbon
atoms.

[0058] The examples of the heteroaryl in which optional
hydrogens are replaced by with the alkyl having 1 to 24
carbon atoms are S5-methyl-2-thienyl, 5-methyl-3-thienyl,
2,5-dimethyl-3-thienyl, 3,4,5-trimethyl-2-thienyl, 3-methyl-
2-benzothienyl, 2-methyl-3-benzothienyl, 2-methylpyrrole-
1-yl, 2,5-dimethylpyrrole-1-yl, 2-methyl-1-indolyl, 2-tert-
butyl-1-indolyl, 3-methyl-9-carbazolyl, 3,6-dimethyl-9-
carbazolyl, 3,6-di-tert-butyl-9-carbazolyl and 9-methyl-3-
carbazolyl.

[0059] The examples of the heteroaryl in which optional
hydrogens are replaced by the cycloalkyl having 3 to 12
carbon atoms are 5-cyclohexyl-2-thienyl, 3-cyclohexyl-2-
benzothienyl, 2-cyclohexyl-3-benzothienyl, 3-cyclohexyl-9-
carbazolyl, 3,6-dicyclohexyl-9-carbazolyl and 9-cyclohexyl-
3-carbazolyl.

[0060] The examples of the heteroaryl in which optional
hydrogens are replaced by the aryl having 6 to 24 carbon
atoms are 5-phenyl-2-thienyl, 5-(1-naphthyl)-2-thienyl, 5-(2-
naphthyl)-2-thienyl, 5-phenyl-3-thienyl, 2,5-diphenyl-3-
thienyl, 2-phenyl-5-(1-naphthyl)-3-thienyl, 2-phenyl-5-(2-
naphthyl)-3-thienyl, 3,4,5-triphenyl-2-thienyl, 3,4-diphenyl-
5-(1-naphthyl)-2-thienyl,  3,4-diphenyl-5-(2-naphthyl)-2-
thienyl, 3-phenyl-2-benzothienyl, 3-(1-naphthyl)-2-
benzothienyl, 3-(2-naphthyl)-2-benzothienyl, 2-phenyl-3-
benzothienyl, 3-phenyl-9-carbazolyl, 3-(1-naphthyl)-9-
carbazolyl, 3-(2-naphthyl)-9-carbazolyl, 3,6-diphenyl-9-
carbazolyl,  3,6-di(1-naphthyl)-9-carbazolyl,  3,6-di(2-
naphthyl)-9-carbazolyl, 3,6-di(4-tert-butylphenyl)-9-
carbazolyl,  9-phenyl-3-carbazolyl, 9-(1-naphthyl)-3-
carbazolyl and 9-(2-naphthyl)-3-carbazolyl.

[0061] The preferred examples of Ar' are phenyl, 2-biphe-
nylyl, 3-biphenylyl, 4-biphenylyl, 2,6-dimethylphenyl, 2,4,
6-trimethylphenyl, 4-tert-butylphenyl, 2,4-di-tert-butylphe-
nyl, m-terphenyl-4'-yl, m-terphenyl-5'-yl, p-terphenyl-2'-yl,
m-terphenyl-2-yl, m-terphenyl-3-yl, o-terphenyl-2-yl, o-ter-
phenyl-3-yl, m-quaterphenyl-3-yl, o-quaterphenyl-2-yl, 3,5-
di(2-naphthyl)phenyl, 3,5-di(1-naphthyl)phenyl, 4-(9-carba-
zolylphenyl,  3,5-di(9-carbazolyl)phenyl, = 2-naphthyl,
6-phenyl-2-naphthyl, 6-(m-terphenyl-5'-y1)-2-naphthyl,
6-(2-naphthyl)-2-naphthyl, 6-(9-carbazolyl)-2-naphthyl,
9-phenanthryl, 6-chrysenyl, 2-triphenylenyl, 9,9-dimethyl-2-
fluorenyl, 9,9-diphenyl-2-fluorenyl, 5-phenyl-2-thienyl, 2,5-
diphenyl-3-thienyl, 3,4,5-triphenyl-2-thienyl, 2-benzothie-
nyl, 3-phenyl-2-benzothienyl, 2-phenyl-3-benzothienyl,
9-carbazolyl and 3,6-diphenyl-9-carbazolyl.

[0062] The more preferred examples of Ar' are phenyl,
2-biphenylyl, 3-biphenylyl, 4-biphenylyl, 4-tert-butylphenyl,
m-terphenyl-5'-yl, m-quaterphenyl-3-yl, o-quaterphenyl-2-
yl,  3,5-di(2-naphthyl)phenyl,  4-(9-carbazolyl)phenyl,
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2-naphthyl, 6-(2-naphthyl)-2-naphthyl, 6-(9-carbazolyl)-2-
naphthyl, 9-phenanthryl, 2-benzothienyl, 3-phenyl-2-ben-
zothienyl and 9-carbazolyl.

[0063] Ar® and Ar® are independently non-condensed aryl
having 6 to 50 carbon atoms, condensed aryl having 10 to 50
carbon atoms or heteroaryl. The non-condensed aryl having 6
to 50 carbon atoms is the same as the non-condensed aryl
having 6 to 50 carbon atoms in Ar' described above. Ar* and
Ar® may be the same or different.

[0064] Theexamples of the condensed aryl having 10 to 50
carbon atoms are 1-naphthyl, 2-naphthyl, 1-anthryl, 2-an-
thryl, 9-anthryl, 1-phenanthryl, 2-phenanthryl, 3-phenan-
thryl, 4-phenanthryl, 9-phenanthryl, 1-pyrenyl, 2-pyrenyl,
4-pyrenyl, 1-perylenyl, 2-perylenyl, 1-chrysenyl, 2-chryse-
nyl, 3-chrysenyl, 5-chrysenyl, 6-chrysenyl, 1-triphenylenyl,
2-triphenylenyl and 2-fluorenyl. Optional hydrogens in the
above condensed aryl having a carbon number of 10 to 50
may be substituted with alkyl having a carbon number of 1 to
24, cycloalkyl having a carbon number of 3 to 24 or aryl
having a carbon number of 6 to 24.

[0065] Theexamples of the condensed aryl having 10 to 50
carbon atoms in which optional hydrogens are replaced by the
alkyl having 1 to 24 carbon atoms are 4-methyl-1-naphthyl,
4-tert-butyl-1-naphthyl, 6-methyl-2-naphthyl, 6-tert-butyl-2-
naphthyl, 4-methyl-1-anthryl, 4-tert-butyl-1-anthryl, 10-me-
thyl-9-anthryl, 10-tert-butyl-9-anthryl and 9,9-dimethyl-2-
fluorenyl.

[0066] The examples of the condensed aryl having 10 to 50
carbon atoms in which optional hydrogens are replaced by
with the cycloalkyl having 3 to 24 carbon atoms are 4-cyclo-
hexyl-1-naphthyl, 6-cyclohexyl-2-naphthyl, 4-cyclohexyl-1-
anthryl, 10-cyclohexyl-9-anthryl and 9,9-dicyclohexyl-2-
fluorenyl.

[0067] Theexamples of the condensed aryl having 10 to 50
carbon atoms in which optional hydrogens are replaced by the
aryl having a carbon number of 6 to 24 carbon atoms are
4-phenyl-1-naphthyl, 6-phenyl-2-naphthyl, 6-(2-naphthyl)-
2-naphthyl, 6-(1-naphthyl)-2-naphthyl, 4-(2-naphthyl)-1-
naphthyl, 4-(1-naphthyl)-1-naphthyl and 9,9-diphenyl-2-
fluorenyl.

[0068] The examples of the heteroaryl are 1-pyrroryl,
2-pyrroryl, 3-pyrroryl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2,2'-
bipyridyl-6-y1, 2,3'-bipyridyl-6-yl, 2,4'-bipyridyl-6-yl, 3,2'-
bipyridyl-6-yl, 3,3'-bipyridyl-6-yl, 3,4'-bipyridyl-6-yl, 1-in-
dolyl, 2-indolyl, 3-indolyl, 4-indolyl, 5-indolyl, 6-indolyl,
7-indolyl, 1-isoindolyl, 2-isoindolyl, 3-isoindolyl, 4-isoin-
dolyl, 5-isoindolyl, 6-isoindolyl, 7-isoindolyl, 2-furyl, 3-fu-
ryl, 2-benzofuranyl, 3-benzofuranyl, 4-benzofuranyl, 5-ben-
zofuranyl, 6-benzofuranyl, 7-benzofuranyl,
1-isobenzofuranyl, 3-isobenzofuranyl, 4-isobenzofuranyl,
S-isobenzofuranyl, 6-isobenzofuranyl, 7-isobenzofuranyl,
2-quinolyl, 3-quinolyl, 4-quinolyl, 5-quinolyl, 6-quinolyl,
7-quinolyl, 8-quinolyl, 1-isoquinolyl, 3-isoquinolyl, 4-iso-
quinolyl, 5-isoquinolyl, 6-isoquinolyl, 7-isoquinolyl, 8-iso-
quinolyl, 2-quinoxalinyl, 5-quinoxalinyl, 6-quinoxalinyl,
1-carbazolyl, 2-carbazolyl, 3-carbazolyl, 4-carbazolyl, 9-car-
bazolyl, 1-phenanthridinyl, 2-phenanthridinyl, 3-phenan-
thridinyl, 4-phenanthridinyl, 6-phenanthridinyl, 7-phenan-
thridinyl, 8-phenanthridinyl, 9-phenanthridinyl,
10-phenanthridinyl, 1-acridinyl, 2-acridinyl, 3-acridinyl,
4-acridinyl, 9-acridinyl, 1,7-phenanthroline-2-yl, 1,7-
phenanthroline-3-yl, 1,7-phenanthroline-4-yl, 1,7-phenan-
throline-5-yl, 1,7-phenanthroline-6-yl, 1,7-phenanthroline-
8-y, 1,7-phenanthroline-9-yl, 1,7-phenanthroline-10-y1, 1,8-
phenanthroline-2-yl, 1,8-phenanthroline-3-yl, 1,8-
phenanthroline-4-yl, 1,8-phenanthroline-5-yl, 1,8-



US 2010/0025661 Al

phenanthroline-6-yl,
phenanthroline-9-yl,
phenanthroline-2-yl,
phenanthroline-4-yl,
phenanthroline-6-yl,
phenanthroline-8-yl,
phenanthroline-2-yl,
phenanthroline-4-yl,
phenanthroline-1-yl,
phenanthroline-4-yl,
phenanthroline-1-yl,
phenanthroline-4-yl,
phenanthroline-6-yl,
phenanthroline-9-yl,
phenanthroline-1-yl,
phenanthroline-4-yl,

1,8-phenanthroline-7-yl, 1,8-
1,8-phenanthroline-10-yl, 1,9-
1,9-phenanthroline-3-yl, 1,9-
1,9-phenanthroline-5-yl, 1,9-
1,9-phenanthroline-7-yl, 1,9-
1,9-phenanthroline-10-yl, 1,10-
1,10-phenanthroline-3-yl, 1,10-
1,10-phenanthroline-5-yl1, 2,9-
2,9-phenanthroline-3-yl, 2,9-
2,9-phenanthroline-5-yl, 2.8-
2,8-phenanthroline-3-yl, 2.8-
2,8-phenanthroline-5-yl, 2.8-
2,8-phenanthroline-7-yl, 2.8-
2,8-phenanthroline-10-yl, 2,7-
2,7-phenanthroline-3-yl, 2,7-
2,7-phenanthroline-5-yl, 2,7-
phenanthroline-6-yl, 2,7-phenanthroline-8-yl, 2,7-
phenanthroline-9-yl, 2,7-phenanthroline-10-yl,
1-phenazinyl, 2-phenazinyl, 1-phenothiazinyl, 2-phenothi-
azinyl, 3-phenothiazinyl, 4-phenothiazinyl, 10-phenothiazi-
nyl, 1-phenoxazinyl, 2-phenoxazinyl, 3-phenoxazinyl,
4-phenoxazinyl, 10-phenoxazinyl, 3-furazanyl, 2-thienyl,
3-thienyl, 2-benzothienyl, 3-benzothienyl, 4-benzothienyl,
S5-benzothienyl, 6-benzothienyl, 7-benzothienyl, 1-isoben-
zothienyl, 3-isobenzothienyl, 4-isobenzothienyl, 5-isoben-
zothienyl, 6-isobenzothienyl and 7-isobenzothienyl.
[0069] Optional hydrogens in the above heteroaryl may be
replaced by alkyl having 1 to 24 carbon atoms, cycloalkyl
having 3 to 24 carbon atoms or aryl having 6 to 24 carbon
atoms.
[0070] The examples of the heteroaryl in which optional
hydrogens are replaced by the alkyl having 1 to 24 carbon are
5-methyl-2-thienyl, 5S-methyl-3-thienyl, 2,5-dimethyl-3-thie-
nyl, 3,4,5-trimethyl-2-thienyl, 3-methyl-2-benzothienyl,
2-methyl-3-benzothienyl, 2-methylpyrrole-1-yl, 2,5-dimeth-
ylpyrrole-1-yl, 2-methyl-1-indolyl, 2-tert-butyl-1-indolyl,
3-methyl-9-carbazolyl, 3,6-dimethyl-9-carbazolyl, 3,6-di-
tert-butyl-9-carbazolyl and 9-methyl-3-carbazolyl.
[0071] The examples of the heteroaryl in which optional
hydrogens are replaced by the cycloalkyl having 3 to 24
carbon atoms are 5-cyclohexyl-2-thienyl, 3-cyclohexyl-2-
benzothienyl, 2-cyclohexyl-3-benzothienyl, 3-cyclohexyl-9-
carbazolyl, 3,6-dicyclohexyl-9-carbazolyl and 9-cyclohexyl-
3-carbazolyl.
[0072] The examples of the heteroaryl in which optional
hydrogens are replaced by the aryl having 6 to 24 carbon
atoms are 5-phenyl-2-thienyl, 5-(1-naphthyl)-2-thienyl, 5-(2-
naphthyl)-2-thienyl, 5-phenyl-3-thienyl, 2,5-diphenyl-3-
thienyl, 2-phenyl-5-(1-naphthyl)-3-thienyl, 2-phenyl-5-(2-
naphthyl)-3-thienyl, 3,4,5-triphenyl-2-thienyl, 3,4-diphenyl-
5-(1-naphthyl)-2-thienyl,  3,4-diphenyl-5-(2-naphthyl)-2-
thienyl, 3-phenyl-2-benzothienyl, 3-(1-naphthyl)-2-
benzothienyl, 3-(2-naphthyl)-2-benzothienyl, 2-phenyl-3-
benzothienyl, 3-phenyl-9-carbazolyl, 3-(1-naphthyl)-9-
carbazolyl, 3-(2-naphthyl)-9-carbazolyl, 3,6-diphenyl-9-
carbazolyl,  3,6-di(1-naphthyl)-9-carbazolyl,  3,6-di(2-
naphthyl)-9-carbazolyl, 3,6-di(4-tert-butylphenyl)-9-
carbazolyl,  9-phenyl-3-carbazolyl, 9-(1-naphthyl)-3-
carbazolyl and 9-(2-naphthyl)-3-carbazolyl.
[0073] The preferred examples of Ar* and Ar® are phenyl,
2-biphenylyl, 3-biphenylyl, 4-biphenylyl, 2,6-dimethylphe-
nyl, 2,4,6-trimethylphenyl, 4-tert-butylphenyl, 2.4-di-tert-
butylphenyl, m-terphenyl-4'-yl, m-terphenyl-5'-yl, p-terphe-
nyl-2'-yl, m-terphenyl-2-yl, m-terphenyl-3-yl, o-terphenyl-2-
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yl, o-terphenyl-3-yl, p-quaterphenyl-3-yl, m-quaterphenyl-3-
yl, o-quaterphenyl-2-yl, 3,5-di(2-naphthyl)phenyl, 3,5-di(1-
naphthyl)phenyl, 4-(9-carbazolyl)phenyl, 3,5-di(9-
carbazolyl)phenyl, 1-naphthyl, 2-naphthyl, 4-phenyl-1-
naphthyl, 6-phenyl-2-naphthyl, 4-(2-naphthyl)-1-naphthyl,
6-(2-naphthyl)-2-naphthyl, 4-(9-carbazolyl)-1-naphthyl,
6-(9-carbazolyl)-2-naphthyl, 9-phenanthryl, 2-triphenylenyl,
9,9-dimethyl-2-fluorenyl, 9,9-diphenyl-2-fluorenyl, 5-phe-
nyl-2-thienyl, 2,5-diphenyl-3-thienyl, 3,4,5-triphenyl-2-thie-
nyl, 2-benzothienyl, 3-phenyl-2-benzothienyl, 2-phenyl-3-
benzothienyl and 9-carbazolyl.

[0074] The more preferred examples of Ar* and Ar® are
phenyl, 2-biphenylyl, 3-biphenylyl, 4-biphenylyl, 4-tert-bu-
tylphenyl,  m-terphenyl-5'-yl,  4-(9-carbazolyl)phenyl,
p-quaterphenyl-3-yl, m-quaterphenyl-3-yl, o-quaterphenyl-
2-yl, 3,5-di(2-naphthyl)phenyl, 1-naphthyl, 2-naphthyl,
4-phenyl-1-naphthyl, 6-(m-terphenyl-5'-yl)-2-naphthyl,
6-(2-naphthyl)-2-naphthyl, 4-(9-carbazolyl)-1-naphthyl,
9-phenanthryl, 2-benzothienyl and 3-phenyl-2-benzothienyl.
[0075] Ifhydrogens in positions adjacent to atoms bonded
to anthracene in Ar? and Ar® are substituted with substituents,
emission wavelength of blue color originating in the funda-
mental skeleton can be maintained, and it is suited to blue
color emission. If hydrogens in the other positions are sub-
stituted, the compound is increased in rigidity and excellent in
heat resistance. The emission material meeting the object can
be obtained by suitably selecting the number of the substitu-
ents and the positions thereof considering emission wave-
length and heat resistance expected to the emission material
based on the design of the device.

[0076] Compounds of (1-1) to (1-1426) which are the spe-
cific examples of the emission material (1) of the present
invention are shown in the following Table 2-1 to Table 2-31.
Codes used in Table 2-1 to Table 2-31 are shown in Table 1-1
to Table 1-5. For example, the compound (1-15) shown in
Table 2-1, the compound (1-412) shown in Table 2-9, the
compound (1-419) shown in Table 2-10 and the compound
(1-606) shown in Table 2-14 have the following structures.
However, the present invention shall not be restricted by
disclosing these specific structures.
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sym-
bol structural formula

cYy

PO /

No. Art Ar* R!' R? R R*

Table 2-1

1 H H H H
1 H H H H
1 H H H H
1 H H H H
1-5 H H H H
1-6 P1 BP1 BPI H H H H
1-7 P1 BP2 BP2 H H H H
1-8 P1 BP3 BP3 H H H H
1-9 P1 Bp4 BP4 H H H H
1-10 P1 BPS BPS H H H H
1-11 P1 BP6 BP6 H H H H
1-12 P1 BP7 BP7 H H H H
1-13 P1 BP8 BP8 H H H H
1-14 P1 BPO BPS H H H H
1-15 P1 TP1 TP1 H H H H
1-16 P1 TP2 TP2 H H H H
1-17 P1 TP3 TP3 H H H H
1-18 P1 TP4 TP4 H H H H
1-19 P1 TP5 TPS H H H H
1-20 P1 TP6 TP6 H H H H
1-21 P1 TP7 TP7 H H H H
1-22 P1 TP8 TP H H H H
1-23 P1 P9 TP H H H H
1-24 P1 TP10 TP10 H H H H
1-25 P1 TP11 TP11 H H H H
1-26 P1 TP12 TP12 H H H H
1-27 P1 TP13 TP13 H H H H
1-28 P1 TP14 TP14 H H H H
1-29 P1 TP15 TP15 H H H H
1-30 P1 TP16 TP16 H H H H
1-31 P1 TP17 TP17 H H H H

[asjia=faniangiaefaniiasiiasfusiasfiasasfaniianiianiianfaniiasiacfanfangiasfiasasiias JarianiianiiasQanigan

[=ji==faniani=cuniiusiiasuasifuias oz fanianiianianfaniiasiacfunianiasiasianiies JaxiaxiianjiasQaiyan)

[s=ji==fisnianiacaniiusiiasanifuniiasiasuiianiianiiananiiasiiacaniianiianiiasianiies axiaxlianiiasaiani

-continued
No. At A% A® R RZORP R* R RS R
1-32 Pl TPI18 TPI8 H H H H H H H
1-33 Pl TP19 TPI9 H H H H H H H
1-34 Pl QP QPI H H H H H H H
1-35 Pl QP2 QP2 H H H H H H H
1-36 Pl QP3 QP3 H H H H H H H
1-37 Pl QP4 QP4 H H H H H H H
1-38 Pl QP5 QP5 H H H H H H H
1-39 Pl QP6 QP6 H H H H H H H
1-40 Pl QP7 QP7 H H H H H H H
1-41 Pl QP8 QP8 H H H H H H H
1-42 Pl QP9 QP9 H H H H H H H
1-43 Pl QP10 QPIO H H H H H H H
1-44 Pl  QPIl QPI1 H H H H H H H
1-45 Pl  QPI2 QPI2 H H H H H H H
1-46 Pl QPI3 QPI3 H H H H H H H
Table 2-2
1-47 Pl QP14 QP14 H H H H H H H
1-48 Pl QP15 QP15 H H H H H H H
1-49 Pl QPl6 QPI6 H H H H H H H
1-50 Pl QP17 QP17 H H H H H H H
1-51 Pl  QPI8 QPI8 H H H H H H H
1-52 Pl QP19 QPI9 H H H H H H H
1-53 Pl QP20 QP20 H H H H H H H
1-54 Pl QP21 QP21 H H H H H H H
1-55 Pl QP22 QP22 H H H H H H H
1-56 Pl QP23 QP23 H H H H H H H
1-57 Pl QP24 QP24 H H H H H H H
1-58 Pl QP25 QP25 H H H H H H H
1-59 Pl QP26 QP26 H H H H H H H
1-60 Pl QP27 QP27 H H H H H H H
1-61 Pl QP28 QP28 H H H H H H H
1-62 Pl QP2 QP29 H H H H H H H
1-63 Pl QP30 QP30 H H H H H H H
1-64 Pl QP31 QP31 H H H H H H H
1-65 Pl QP32 QP32 H H H H H H H
1-66 Pl QP33 QP33 H H H H H H H
1-67 Pl QP34 QP34 H H H H H H H
1-68 Pl QP35 QP35 H H H H H H H
1-69 Pl QP36 QP36 H H H H H H H
1-70 Pl QP37 QP37 H H H H H H H
1-71 Pl QP38 QP38 H H H H H H H
1-72 Pl QP39 QP39 H H H H H H H
1-73 Pl QP40 QP40 H H H H H H H
1-74 Pl QP41 QP41 H H H H H H H
1-75 Pl QP42 QP42 H H H H H H H
1-76 Pl QP43 QP43 H H H H H H H
1-77 Pl QP44 QP44 H H H H H H H
1-78 Pl QP45 QP45 H H H H H H H
1-79 Pl QP46 QP46 H H H H H H H
1-80 Pl QP47 QP47 H H H H H H H
1-81 Pl QP48 QP48 H H H H H H H
1-82 Pl QP49 QP49 H H H H H H H
1-83 P1 QP50 QP50 H H H H H H H
1-84 Pl QP51 QP51 H H H H H H H
1-85 Pl QP52 QP52 H H H H H H H
1-86 Pl QP53 QP53 H H H H H H H
1-87 Pl QP54 QP54 H H H H H H H
1-88 Pl QP55 QP55 H H H H H H H
1-89 Pl QP53 QP56 H H H H H H H
1-90 Pl QP57 QP57 H H H H H H H
1-91 Pl QP58 QP58 H H H H H H H
1-92 Pl  QP5 QP59 H H H H H H H
Table 2-3
1-93 Pl QP60 QP60 H H H H H H H
1-94 Pl QP61 QP61 H H H H H H H
1-95 Pl QP62 QP62 H H H H H H H
1-96 Pl QP63 QP63 H H H H H H H
1-97 Pl QP64 QP64 H H H H H H H
1-98 Pl QP65 QP65 H H H H H H H
1-99 Pl QP66 QP66 H H H H H H H
1-100 P1 NP1 NPI H H H H H H H
1-101 Pl NP2 NP2 H H H H H H H
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-continued -continued
No Al A A R'RZ O ORPR* R R® R No At A% A® R RZORP R* R RS R
1-102 P1 NP3 NP3 H H H H H H H 1-174 P2 TP15 TPIS H H H H H H H
1-103 P1 NP4 NP4 H H H H H H H 1-175 P2 TP16 TPI6 H H H H H H H
1-104 P1 NP5 NP5 H H H H H H H 1-176 P2 TP17 TP17 H H H H H H H
1-105 P1 NP6 NP6 H H H H H H H 1-177 P2 TPI8 TPI8 H H H H H H H
1-106 P1 NP7 NP7 H H H H H H H 1-178 P2 TP19 TPI9 H H H H H H H
1-107 P1 NP8 NP8 H H H H H H H 1-179 P2 QP38 QP38 H H H H H H H
1-108 P1 NP9 NP9 H H H H H H H 1-180 P2 QP39 QP39 H H H H H H H
1-1090 P1  NPIO NP1I0 H H H H H H H 1-181 P2 QP44 QP44 H H H H H H H
1-110 P1  NPI1 NPI11 H H H H H H H 1-182 P2 QP45 QP45 H H H H H H H
1-111  P1  NPI2 NPI2 H H H H H H H 1-183 P2 QP63 QP63 H H H H H H H
1-112  P1  NPI3 NPI3 H H H H H H H 1-184 P2 QP64 QP64 H H H H H H H
1-113 Pl NPI4 NP14 H H H H H H H Table 2-5
1-114 Pl NPI5 NPIS H H H H H H H -
1-115 P1  NP16 NP16 H H H H H H H 1-185 P2 NPl NP1
1-116 P1  NP17 NP17 H H H H H H H 1-18 P2 NP2 NP2
1-117 P1  NPI8 NPI8 H H H H H H H 1-187 P2 NP3 NP3
1-118 P1  NPI19 NPI9 H H H H H H H 1-188 P2 NP4 NP4
1-119 P1 NP20 NP20 H H H H H H H 1-189 P2 NP5 NP5
1-120 P1 PNl PNI H H H H H H H 1-190 P2 NP6 NP6
1-121 P1 CS1 CSI H H H H H H H 1-191 P2 NP7 NP7
1-122  P1 TPL1 TPL1 H H H H H H H 1-192 P2 NP8 NP8
1-123 P1 FL1 FLI H H H H H H H 1-193 P2 NPIl NP1l
1-124 P1  FL2 FL2 H H H H H H H 1-194 P2 NPI2 NPI2
1-125 P1 THI THI H H H H H H H 1-195 P2 NPI3 NP3
1-126 P1  TH2 TH2 H H H H H H H 1-196 P2 NPI4 NPl4
1-127 P1  TH3 TH3 H H H H H H H 1-197 P2 NPI5 NPI5
1-128 P1  TH4 TH4 H H H H H H H 1-198 P2 NPI6 NP16
1-120 P1 THS THS H H H H H H H 1-199 P2 NPI7 NP17
1-130 P1 BTl BTI H H H H H H H 1-200 P2 NPI8 NPI8
1-131  P1 BT2 BT2 H H H H H H H 1-200 P2 PNl PNI
1-132 P1 BT3 BT3 H H H H H H H 1-202 P2 FLI FL1
1-133 P1  BT4 BT4 H H H H H H H 1-203 P2 TH1 THI
1-134 P1 BT5 BT5S H H H H H H H 1-204 P2 TH2 TH2
1-135 P1 BT6 BT6 H H H H H H H 1-205 P2 TH3 TH3
1-136 P1 BT7 BT7 H H H H H H H 1-206 P2 BTl BTI1
1-137 P1 BT8 BT8 H H H H H H H 1-207 P2 BT3 BT3
1-133 P1 BT9 BT9 H H H H H H H 1-208 P2 BT6 BT6

Table 2-4 1-209 P2 BT7 BT7
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1-139  P1 BT10 BT1I0 H H H H H H H 1-211 P2 CczZ1 Cz1

1-140 P1 BT11 BTI1 H H H H H H H 1-212 P2 Cz2 Cz2

1-141 P1 Ccz1 CZ1 H H H H H H H 1-213 P2 Cz6 CZ6

1-142 Pl Cz2 CZ2 H H H H H H H 1-214 P4 P1 P1

1-143 P1 Cz3 CZ3 H H H H H H H 1-215 P4 P2 P2

1-144 P1 CzZ4 CZ4 H H H H H H H 1-216 P4 P4 P4

1-145 P1 Czs CZs H H H H H H H 1-217 P4 P5 P5

1-146 Pl Cz6 CZ6 H H H H H H H 1-218 P4 P6 P6

1-147  P1 Cz7 CZ7 H H H H H H H 1-219 P4 P8 P8

1-148 Pl CzZ8 CZ8 H H H H H H H 1-220 P4 BP1 BPI

1-149 P1 Cz9 CZ9 H H H H H H H 1-221 P4 BP2 BP2

1-150 P2 P1 P1 H H H H H H H 1-222 P4 BP3 BP3

1-151 P2 P2 P2 H H H H H H H 1-223 P4 BpP4 BP4

1-152 P2 P3 P3 H H H H H H H 1-224 P4 BP7 BP7

1-153 P2 P4 P4 H H H H H H H 1-225 P4 TP1 TP1

1-154 P2 P5 Ps H H H H H H H 1-226 P4 TP2 TP2

1-155 P2 P7 P7 H H H H H H H 1-227 P4 TP4 TP4

1-156 P2 P8 P8 H H H H H H H 1-228 P4 TPS TP5

1-157 P2 BP1 BPI H H H H H H H 1-229 P4 TP6 TP6

1-158 P2 BP2 BP2 H H H H H H H 1-230 P4 TP8 TP8

1-159 P2 BP3 BP3 H H H H H H H Table 2-6

1-160 P2 BP4 BP4 H H H H H H H

1-161 P2 BP7 BP7 H H H H H H H 1-231 P4 ™9 TP9 H H H H H H H
1-162 P2 BP8 BP8 H H H H H H H 1-232 P4 TP12 TP12 H H H H H H H
1-163 P2 TP1 TP1 H H H H H H H 1-233 P4 TP13 TP13 H H H H H H H
1-164 P2 TP3 TP3 H H H H H H H 1-234 P4 TP14 TP14 H H H H H H H
1-165 P2 TP4 TP4 H H H H H H H 1-235 P4 TP15 TP1S H H H H H H H
1-166 P2 TP5 TPS H H H H H H H 1-236 P4 TP16 TP16 H H H H H H H
1-167 P2 TP6 TP6 H H H H H H H 1-237 P4 TP17 TP17 H H H H H H H
1-168 P2 TP7 TP7 H H H H H H H 1-238 P4 TP18 TP18 H H H H H H H
1-169 P2 TP8 TP H H H H H H H 1-239 P4 TP19 TP19 H H H H H H H
1-170 P2 ™9 TP H H H H H H H 1-240 P4 QP38 QP38 H H H H H H H
1-171 P2 TP12 TP12 H H H H H H H 1-241 P4 QP39 QP39 H H H H H H H
1-172 P2 TP13 TP13 H H H H H H H 1-242 P4 QP44 QP44 H H H H H H H
1-173 P2 TP14 TP14 H H H H H H H 1-243 P4 QP45 QP45 H H H H H H H
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-continued -continued
No. Al A A R'RZ O ORPR* R R® R No At A% A® R RZORP R* R RS R
1-244 P4 QP63 QP63 H H H H H H H 1-316 BP1 BT6 BT6 H H H H H H H
1-245 P4 QP64 QP64 H H H H H H H 1-317 BP1 BT7 BT7 H H H H H H H
1-246 P4 NP1 NP1 H H H H H H H 1-318 BP1 BT9 BT9 H H H H H H H
1-247 P4 NP2 NP2 H H H H H H H 1-319 BP1 CZl CZl H H H H H H H
1-248 P4 NP3 NP3 H H H H H H H 1-320 BP1 CZ2 CZ2 H H H H H H H
1-249 P4 NP4 NP4 H H H H H H H 1-321 BP1 CZ6 CZ6 H H H H H H H
1-250 P4 NP5 NP5 H H H H H H H 1-322 BP2 P1 P1 H H H H H H H
1-251 P4 NP6 NP6 H H H H H H H Table 2-8
1252 P4 NP7 NP7 H H H H H H H -
1-253 P4 NP8 NP8 H H H H H H H 1-323 BP2 P2 P2
1-254 P4 NP1l NP11 H H H H H H H 1-324 BP2 P4 P4
1-255 P4 NPI2 NPI2 H H H H H H H 1-325 BP2 P5  P5
1-256 P4 NPI13 NP13 H H H H H H H 1-326 BP2 BPl BP1
1-257 P4 NP14 NP14 H H H H H H H 1-327 BP2 BP2 BP2
1-258 P4 NPI15 NP15 H H H H H H H 1-328 BP2 BP3 BP3
1-259 P4 NP6 NP16 H H H H H H H 1-329 BP2 BP4 BP4
1-260 P4 NP17 NP17 H H H H H H H 1-330  BP2 BP7 BP7
1-261 P4 NPI8 NPI8 H H H H H H H 1-331  BP2 TPl TPI
1-262 P4 PNI PN1 H H H H H H H 1-332  BP2 TP4 TP4
1-263 P4 FL1 FL1 H H H H H H H 1-333  BP2 TP12 TPI2
1-264 P4 TH1 THI H H H H H H H 1-334  BP2 TP15 TP15
1-265 P4 TH2 TH2 H H H H H H H 1-335 BP2 TP16 TP16
1-266 P4 TH3 TH3 H H H H H H H 1-336  BP2 TP17 TP17
1-267 P4 BTl BTl H H H H H H H 1-337 BP2 TP18 TPI8
1-268 P4 BT3 BT3 H H H H H H H 1-338  BP2 QP38 QP38
1-260 P4 BT6 BT6 H H H H H H H 1-339  BP2 QP39 QP39
1-270 P4 BI7 BT7 H H H H H H H 1-340  BP2 QP44 QP44
1-271 P4 BT9 BT9 H H H H H H H 1-341  BP2 QP45 QP45
1-272 P4 CZ1 CZl1 H H H H H H H 1-342  BP2 QP63 QP63
1-273 P4 CZ2 CZ2 H H H H H H H 1-343  BP2 QP64 QP64
1-274 P4 CZ6 CZ6 H H H H H H H 1-344 BP2 NP1 NP1
1-275 BPI P1 P1 H H H H H H H 1-345  BP2 NP3 NP3
1-276 BP1 P4 P4 H H H H H H H 1-346  BP2 NP4 NP4

Table 2-7 1-347  BP2 NP5 NP5

1277  BP1 BP1 BPI
1-278  BP1 BP2 BP2
1-279  BP1 BP3 BP3

H 1-349  BP2 NP7 NP7
1-350 BP2 NP8 NP8

1-351  BP2 NP11 NPI1

1-281 BP1 BP7 BP7
1-282 BP1 TP1 TP1
1-283 BP1 TP4 TP4
1-284 BP1 TP5 TP5
1-285 BP1  TP9 TP9
1-286  BP1 TP13 TP13
1-287  BP1 TP14 TP14
1-288  BP1 TP15 TP15
1-289  BP1 TP16 TP16
1-290  BP1 TP17 TP17
1-291 BP1 TP18 TPI1g
1-292  BP1 TP19 TPI19
1-293 BP1 QP38 QP38
1-294  BP1 QP64 QP64

1-353  BP2 NP14 NP14
1-354  BP2 NP15 NP15
1-355  BP2 NP16 NP16
1-356  BP2 NP17 NP17
1-357  BP2 NP18 NPI8
1-358  BP2 PNl PN1
1-359  BP2 FL1 FL1
1-360 BP2 TH3 TH3
1-361 BP2 BTl BT1
1-362 BP2 BT3 BT3
1-363 BP2 BT6 BT6
1-364 BP2 BT7 BT7
1-365  BP2 CZ1 CZ1
1-366  BP2 CZ6 CZ6
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1-296  BP1 NP2 NP2 BP3 P4 P4

1-297  BP1 NP3 NP3 Table 2-9

1-298  BP1 NP4 NP4

1-299  BP1 NP5 NP5 1-369  BP3 P5 Ps H H H H H H H
1-300  BP1 NP6 NP6 1-370  BP3 P8 Pg H H H H H H H
1-301 BP1 NP7 NP7 1-371 BP3 BPI BPI H H H H H H H
1-302 BP1I NP8 NPg 1-372 BP3 BP2 BP2 H H H H H H H
1-303 BP1 NP11 NPI1 1-373 BP3 BP3 BP3 H H H H H H H
1-304  BP1 NP13 NP13 1-374 BP3 BP4 BP4 H H H H H H H
1-305 BP1 NP14 NP14 1-375 BP3 BP7 BP7 H H H H H H H
1-306  BP1 NP15 NP15 1-376  BP3 TP1 TP1 H H H H H H H
1-307  BP1 NP16 NP16 1-377 BP3 TP4 TP4 H H H H H H H
1-308  BP1 NP17 NP17 1-378  BP3 TP12 TP12 H H H H H H H
1-309  BP1 NP18 NP18 1-379  BP3 TP15S TPIS H H H H H H H
1-310  BP1 PN1 PNI1 1-380 BP3 TP16 TPl6 H H H H H H H
1-311 BP1 FL1 FLI1 1-381 BP3 TP17 TP17 H H H H H H H
1-312  BP1 TH2 TH2 1-382  BP3 TP18 TPI8 H H H H H H H
1-313 BP1 TH3 TH3 1-383 BP3 QP38 QP38 H H H H H H H
1-314 BP1 BT1 BT1 1-384  BP3 QP39 QP39 H H H H H H H
1-315 BP1 BT3 BT3 1-385 BP3 QP44 QP44 H H H H H H H
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-continued -continued
No. Al A A R'RZ O ORPR* R R® R No. At A% A® R RZORP R* R RS R
1-386  BP3 QP45 QP45 H H H H H H H 1-458 TP16 P1  P1 H H H H H H H
1-387 BP3 QP63 QP63 H H H H H H H 1-459 TPl6 P2 P2 H H H H H H H
1-388  BP3 QP64 QP64 H H H H H H H 1-460 TP16 P4 P4 H H H H H H H
1-339  BP3 NP1 NP1 H H H H H H H Table 2-11
1-390 BP3 NP3 NP3 H H H H H H H -
1-391 BP3 NP4 NP4 H H H H H H H 1-461  TP16 P5 PS5
1-392 BP3 NP5 NP5 H H H H H H H 1-462 TP16 P8 P8
1-393 BP3 NP6 NP6 H H H H H H H 1-463 TP16 BP1 BP1
1-394 BP3 NP7 NP7 H H H H H H H 1-464 TP16 BP2 BP2
1-395 BP3 NP8 NP8 H H H H H H H 1-465 TP16 BP3 BP3
1-396 BP3 NP1l NP1l H H H H H H H 1-466 TP16 BP4 BP4
1-397 BP3 NPI3 NPI13 H H H H H H H 1-467 TP16 BP7 BP7
1-398 BP3 NP14 NP14 H H H H H H H 1-468  TP16 TPl TPI
1-399  BP3 NP15 NP15 H H H H H H H 1-469  TP16 TP4 TP4
1-400 BP3 NP16 NP16 H H H H H H H 1-470  TP16 TP12 TPI12
1-401 BP3 NP17 NP17 H H H H H H H 1-471  TP16 TP15 TP15
1-402 BP3 NPI8 NPI18 H H H H H H H 1-472  TP16 TP16 TP16
1-403 BP3 PN1 PNI H H H H H H H 1-473  TP16 TP17 TP17
1-404 BP3 FL1 FL1 H H H H H H H 1-474  TP16 TP18 TPI8
1-405 BP3 TH3 TH3 H H H H H H H 1-475  TP16 QP38 QP38
1-406 BP3 BTl BTl H H H H H H H 1-476  TP16 QP39 QP39
1-407 BP3 BT3 BT3 H H H H H H H 1-477  TP16 QP44 QP44
1-408 BP3 BT6 BT6 H H H H H H H 1-478  TP16 QP45 QP45
1-409 BP3 BI7 BT7 H H H H H H H 1-479  TP16 QP63 QP63
1-410 BP3 CZl CZl H H H H H H H 1-480  TP16 QP64 QP64
1-411 BP3 CZ6 CZ6 H H H H H H H 1-481 TP16 NP1 NP1
1-412 TP1 P1 P1 H H H H H H H 1-482 TP16 NP3 NP3
1-413 TPl P2 P2 H H H H H H H
1-414 TPl P4 P4 H H H H H H H 1-484  TP16 NP5 NP5

Table 2-10 1-485  TP16 NP6 NP6

1-415  TP1 PS5 Ps H H
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Table 2-12
1-507 QP38 P5 P5

1-509 QP38 BP1 BPI
1-510 QP38 BP2 BP2

1-512 QP38 BP4 BP4
1-513 QP38 BP7 BP7
1-514 QP38 TP1 TP1

1-516 QP38 TP12 TPI2
1-517 QP38 TP15 TPIS
1-518 QP38 TP16 TPI6
1-519 QP38 TP17 TPI7
1-520 QP38 TP18 TPIS
1-521 QP38 QP38 QP38
1-522 QP38 QP39 QP39
1-523 QP38 QP44 QP44
1-524 QP38 QP45 QP45
1-525 QP38 QP63 QP63
1-526 QP38 QP64 QP64
1-527 QP38 NP1 NP1
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1-5286 QP38 NP3 NP3 H H H H H H H Table 2-14
1-529 QP38 NP4 NP4 H H H H H H H
1-530 QP38 NP5 NP5 H H H H H H H 1-599 NPI11 P5 P5 H H H H H H H
1-531 QP38 NP6 NP6 H H H H H H H 1-600 NP11 P& P8 H H H H H H H
1-532 QP38 NP7 NP7 H H H H H H H 1-601 NP1l BPI BPI H H H H H H H
1-533 QP38 NP8 NP8 H H H H H H H 1-602 NP1l BP2 BP2 H H H H H H H
1-534 QP38 NP1l NP1l H H H H H H H 1-603 NP1l BP3 BP3 H H H H H H H
1-535 QP38 NPI3 NPI3 H H H H H H H 1-604 NP1l BP4 BP4 H H H H H H H
1-536 QP38 NP14 NP14 H H H H H H H 1-605 NP1l BP7 BP7 H H H H H H H
1-537 QP38 NPI5 NPI5 H H H H H H H 1-606 NP11 TPl TP1 H H H H H H H
1-538 QP38 NP16 NP16 H H H H H H H 1-607 NP1l TP4 TP4 H H H H H H H
1-539 QP38 NP17 NP17 H H H H H H H 1-608 NP11 TP12 TP12 H H H H H H H
1-540 QP38 NPI8 NPI8 H H H H H H H 1-609 NP11 TP15 TP1S H H H H H H H
1-541 QP38 PNI PNl H H H H H H H 1-610 NP11 TP16 TP16 H H H H H H H
1-542 QP38 FLI FL1 H H H H H H H 1-611 NP11 TP17 TP17 H H H H H H H
1-543 QP38 TH3 TH3 H H H H H H H 1-612 NP1l TP18 TPI8 H H H H H H H
1-544 QP38 BTl BTI H H H H H H H 1-613 NP11 QP38 QP38 H H H H H H H
1-545 QP38 BT3 BT3 H H H H H H H 1-614 NP11 QP39 QP39 H H H H H H H
1-546 QP38 BT6 BT6 H H H H H H H 1-615 NP1l QP44 QP44 H H H H H H H
1-547 QP38 BT7 BT7 H H H H H H H 1-616 NP11 QP45 QP45 H H H H H H H
1-548 QP38 CZl CZI H H H H H H H 1-617 NP1l QP63 QP63 H H H H H H H
1-549 QP38 CZ6 CZ6 H H H H H H H 1-618 NP1l QP64 QP64 H H H H H H H
1-550 QP45 P1 PI H H H H H H H 1-619 NP1l NPI NP1 H H H H H H H
1-551 QP45 P2 P2 H H H H H H H 1-620 NP11 NP3 NP3 H H H H H H H
1-552 QP45 P4 P4 H H H H H H H 1-621 NP1l NP4 NP4 H H H H H H H
Table 2-13 1-622 NP1l NP5 NP5 H H H H H H H
- 1-623 NP1l NP6 NP6 H H H H H H H
1-553 QP45 PS5 P5 H H H H H H H 1-624 NP1l NP7 NP7 H H H H H H H
1-554 QP45 P& P8 H H H H H H H 1-625 NP1l NP8 NP8 H H H H H H H
1-555 QP45 BPI BPI H H H H H H H 1-626 NP1l NPI1 NP1l H H H H H H H
1-556 QP45 BP2 BP2 H H H H H H H 1-627 NP1l NPI3 NP13 H H H H H H H
1-557 QP45 BP3 BP3 H H H H H H H 1-628 NP1l NPI14 NP14 H H H H H H H
1-558 QP45 BP4 BP4 H H H H H H H 1-629 NP1l NPI5 NP15 H H H H H H H
1-559 QP45 BP7 BP7 H H H H H H H 1-630 NP1l NP16 NP16 H H H H H H H
1-560 QP45 TP1 TP1 H H H H H H H 1-631 NP1l NP17 NP17 H H H H H H H
1-561 QP45 TP4 TP4 H H H H H H H 1-632 NP1l NPI8 NPI8 H H H H H H H
1-562 QP45 TP12 TPI2 H H H H H H H 1-633 NP11 PNI PNI H H H H H H H
1-563 QP45 TP15 TP15 H H H H H H H 1-634 NP11 FL1 FL1 H H H H H H H
1-564 QP45 TP16 TP16 H H H H H H H 1-635 NP1l TH3 TH3 H H H H H H H
1-565 QP45 TP17 TP17 H H H H H H H 1-636 NP1l BTl BTI H H H H H H H
1-566 QP45 TPI18 TPI8 H H H H H H H 1-637 NP1l BT3 BT3 H H H H H H H
1-567 QP45 QP38 QP38 H H H H H H H 1-638 NP1l BT6 BT6 H H H H H H H
1-568 QP45 QP39 QP39 H H H H H H H 1-639 NP1l BT7 BT7 H H H H H H H
1-569 QP45 QP44 QP44 H H H H H H H 1-640 NP11 CZl CZl H H H H H H H
1-570 QP45 QP45 QP45 H H H H H H H 1-641 NP1l CZ6 CZ6 H H H H H H H
1-571 QP45 QP63 QP63 H H H H H H H 1-642 NP14 PI Pl H H H H H H H
1-572 QP45 QP64 QP64 H H H H H H H 1-643 NP14 P2 P2 H H H H H H H
1-573 QP45 NP1 NPl H H H H H H H 1-644 NP14 P4 P4 H H H H H H H
1-574 QP45 NP3 NP3 H H H H H H H Table 2-15
1-575 QP45 NP4 NP4 H H H H H H H -
1-576 QP45 NP5 NP5 H H H H H H H 1-645 NP14 P5 P5 H H H H H H H
1-577 QP45 NP6 NP6 H H H H H H H 1-646 NP14 P& P8 H H H H H H H
1-578 QP45 NP7 NP7 H H H H H H H 1-647 NP14 BPI BPI H H H H H H H
1-579 QP45 NP8 NP8 H H H H H H H 1-648 NP14 BP2 BP2 H H H H H H H
1-580 QP45 NP1l NP11 H H H H H H H 1-649 NP14 BP3 BP3 H H H H H H H
1-581 QP45 NP13 NP13 H H H H H H H 1-650 NP14 BP4 BP4 H H H H H H H
1-582 QP45 NP14 NP14 H H H H H H H 1-651 NP14 BP7 BP7 H H H H H H H
1-583 QP45 NP15 NP15 H H H H H H H 1-652 NP14 TP1 TP1 H H H H H H H
1-584 QP45 NP16 NP16 H H H H H H H 1-653 NP14 TP4 TP4 H H H H H H H
1-585 QP45 NP17 NP17 H H H H H H H 1-654 NP14 TP12 TPI2 H H H H H H H
1-586 QP45 NP18 NPI8 H H H H H H H 1-655 NP14 TP15 TP15 H H H H H H H
1-587 QP45 PN1 PNI H H H H H H H 1-656 NP14 TP16 TP16 H H H H H H H
1588 QP4S FLI FLI H H H H H H H 1-657 NP14 TP17 TP17 H H H H H H H
158 QP4S TH3 TH3 H H H H H H H 1-658 NP14 TPI18 TPI8 H H H H H H H
1-659 NP14 QP38 QP38 H H H H H H H
1-390 QP45 BTl BTl H H o H H HH 1-660 NP14 QP39 QP39 H H H H H H H
1-591 QP45 BT3 BT3 H H H H H H H 1-661 NP4 QP44 QPA4 H H H H H H H
1592 QP45 BT6e BI6 H H H H H H H 1662 NP4 QP45 QPpAS H H H H H H H
1-593 QP45 BT7 BT7 H H H H H H H 1-663 NP14 QP63 QP63 H H H H H H H
1-594 QP45 CZ1 CZI H H H H H H H 1-664 NP14 QP64 QP64 H H H H H H H
1-595 QP45 CZ6 CZ6 H H H H H H H 1-665 NP14 NP1 NP1 H H H H H H H
1-596 NP1l P1 P1 H H H H H H H 1-666 NP14 NP3 NP3 H H H H H H H
1-597 NP1l P2 P2 H H H H H H H 1-667 NP14 NP4 NP4 H H H H H H H
1-598 NP1l P4 P4 H H H H H H H 1-668 NP14 NP5 NP5 H H H H H H H
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No. Al A A R'RZ O ORPR* R R® R No At A% A® R RZORP R* R RS R
1-669 NP14 NP6 NP6 H H H H H H H 1-739 NPI8 BP1 BPI
1-670 NP14 NP7 NP7 H H H H H H H 1-740 NP18 BP2 BP2
1-671 NP14 NP8 NP8 H H H H H H H 1-741 NP18 BP3 BP3
1-672 NP14 NP1l NP11 H H H H H H H 1-742 NP18 BP4 BP4
1-673 NP14 NPI3 NPI13 H H H H H H H 1-743 NP18 BP7 BP7
1-674 NP14 NP14 NP14 H H H H H H H 1-744 NP18 TPl TP1
1-675 NP14 NPI15 NP15 H H H H H H H 1-745 NPI8 TP4 TP4
1-676 NP14 NP16 NP16 H H H H H H H 1-746  NP18 TP12 TPI12
1-677 NP14 NP17 NP17 H H H H H H H 1-747  NP18 TP15 TPI15
1-678 NP14 NPI8 NPI8 H H H H H H H 1-748  NP18 TP16 TP16
1-679 NP14 PNI PNl H H H H H H H 1-749  NP18 TP17 TP17
1-680 NP14 FLI FL1 H H H H H H H 1-750 NP18 TPI8 TPI8
1-681 NP4 TH3 TH3 H H H H H H H 1-751 NP18 QP38 QP38
1-682 NP14 BTl BTI H H H H H H H 1-752  NP18 QP39 QP39
1-683 NP14 BT3 BT3 H H H H H H H 1-753  NP18 QP44 QP44
1-684 NP14 BT6 BT6 H H H H H H H 1-754 NP18 QP45 QP45
1-685 NP14 BT7 BT7 H H H H H H H 1-755 NP18 QP63 QP63
1-686 NP14 CZl CZI H H H H H H H 1-756 NP18 QP64 QP64
1-687 NP14 CZ6 CZ6 H H H H H H H 1-757 NPI8 NP1 NP1
1-688 NP16 PI PI H H H H H H H 1-758 NPI8 NP3 NP3
1-689 NP16 P2 P2 H H H H H H H 1-759 NP18 NP4 NP4
1-690 NP16 P4 P4 H H H H H H H 1-760 NP18 NP5 NP5

Table 2-16 1-761  NP18 NP6 NP6
- 1-762  NP18 NP7 NP7
1-763  NP18 NP8 NP8
1-764  NP18 NP1l NP1l
1-765 NP18 NP13 NP13
1-766  NP18 NP14 NP14
1-767  NP18 NP15 NP15
1-768  NP18 NP16 NP16

1-770  NP18 NP18 NP18

sejiaxiiesiianiianisniiasianifaniianiianiianiiniiesaniianlssiizeisnifsaiias uanlianiianiianfaxiiasiiaciianiaiasiiasuniiasanianiiasfias fas Jaxiiananiaelani
ajanigasiianiianiangiasfaniianiiacgianiiaeianiias fuanianiacineuniisniias Junlianiianfianfaniiaciianiianangiasiias furiiasiaeiianiagias fias aniiasiiasfanan
jjjaniasiianiananfiasfanifaniiasfiasfiasfaniias fuanianiacfineunianiias Bunlianiianfianfaniiasiasanfangiasine funiiasfiasiianianfias fas aniiasiasfasfani
jssjjanijasiianiananiasfanifaniiasfiasasaniias anianiasinsunianiias Junlianiianfianfaniiasiacananiinefine Juriiasfasiiasiasfias flasQaiiasiasasiant
js=jjaxiesiianianianiiasuanifuniianiiasfasfaniiasuniianliasiaeanifaniies Juzlianiianianaxiiasiiasiananiiasiasunliasfasiani ez flas axiiesasaslani
jsejiaxiiesiianijanisniasanifsniianiianiioniissiasaniianlesiioei s saiias aniianianjian ] ciiasiasiianissiiasiiasaniiasaniani s jias fas o xia s lanaslni
asjaxigasiianiianianiasanijuniianiiasianiangas funianiasiasangangas fuanianianianfaniiasiasasangiasiaefaniasgianiianiasgiasflasaiasjiasfasfan

Table 2-18

1-783  PN1 P5 P5

PN1 P8 P8

1-785 PN1 BP1 BP1
1-786  PN1 BP2 BP2
1-787  PN1 BP3 BP3
1-788 PNl BP4 BP4
1-789 PNl TP1 TP1

1-791 PNl TP12 TPI12
1-792 PNl TP15 TPI1S
1-793  PN1 TP16 TPl16

1-795 PNl TP18 TPI8
1-796  PN1 QP38 QP38
1-797 PNl QP45 QP45

1-799 PN1 NP1 NP1
1-800 PN1 NP3 NP3
1-801 PN1 NP4 NP4
1-802 PN1 NP5 NP5
1-803 PN1 NP6 NP6
1-804 PN1 NP7 NP7
1-805 PN1 NP8 NP8
1-806  PN1 NP11 NPI11
Table 2-17 1-807  PN1 NP13 NP13
1-808  PN1 NP14 NP14
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1-737  NP18 PS5 Ps H H
1-738  NP18 P8 P8 H H
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jaxjianfiangasgiasganiiasias aniiafiasanfaniiasiiasiiananiasias uniiaciaeiianiaias fariianias
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jasjianfanianginefuniiasiasfaniianiasasQaniiasiasanianiasiasfuaniasfiasiasianiias farianiias
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1-810  PN1 NP16 NP16
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-continued -continued
No. Al A A R'RZ O ORPR* R R® R No At A% A® R RZORP R* R RS R
1-811 PN1 NP17 NP17 H H H H H H H 1-881 TPL1 NP4 NP4
1-812 PN1 NPI8 NPI8 H H H H H H H 1-882 TPL1 NP5 NP5
1-813 PN1 PNl PNI H H H H H H H 1-883 TPL1 NP6 NP6
1-814 PN1 FLI FL1 H H H H H H H 1-884 TPL1 NP7 NP7
1-815 PN1 TH3 TH3 H H H H H H H 1-885  TPL1 NP8 NP8
1-816 PN1 BTl BTI H H H H H H H 1-886 TPL1 NP1l NP1l
1-817 PN1 BT3 BT3 H H H H H H H 1-887  TPL1 NPI3 NPI13
1-818 PN1 CzZl CZI H H H H H H H 1-888  TPL1 NP14 NP14
1-819 PNl Cz6 CZ6 H H H H H H H 1-889  TPL1 NPI5 NPI5
1-820 CS1 P1 PI H H H H H H H 1-890 TPL1 NP16 NP16
1-821 CS1 P2 P2 H H H H H H H 1-891  TPL1 NP17 NP17
1-822 CS1I P4 P4 H H H H H H H 1-892  TPL1 NPI8 NPI18
1-823 CS1 P5 P5 H H H H H H H 1-893  TPL1 PN1 PN1
1-824 CS1 P8 P8 H H H H H H H 1-894  TPL1 FL1 FL1
1-825 CS1 BPI BPI H H H H H H H 1-895  TPL1 TH3 TH3
1-826 CS1 BP2 BP2 H H H H H H H 1-896 TPL1 BTl BT1
1-827 CS1 BP3 BP3 H H H H H H H 1-897 TPL1 BT3 BT3
1-828 CS1 BP4 BP4 H H H H H H H 1-898 TPL1 CZl CZ1

Table 2-19 1-899  TPL1 CZ6 CZ6
1-829 CS1 TPl TP1 H 1-901 FL1 P2 P2

1-902 FL1 P4 P4
1-903 FL1 P5 P5
1-904 FL1 P8 P8
1-905 FL1 BP1 BP1
1-906 ~FL1 BP2 BP2
1-907 FL1 BP3 BP3
1-908 FL1 BP4 BP4
1-909 FL1 TP1 TP1
1-910 FL1 TP4 TP4

1912 FL1 TP15 TPI1S
1-913 FL1 TP16 TPl16
1-914 FL1 TP17 TP17

1-916 FL1 QP38 QP38
1-917  FL1 QP45 QP45
1-918 FL1 QP64 QP64
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jasfianfaniiaciiacianfaniiacgineaniiasiasfianiasiiasfas JaniianiiasasQaniiasfanianangiasfurifaniiasfianianiianias Janiianiianiias Qe
jasjianfaniaciiaciianfaniiasgineaniiasiasfaniuniiasas aniianfiananQaniiasfanianangiasurifaniiasfasianiianias Jariianiianiias Qi aniies
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jasjianfaniiaciiaciianfasgiasgiacaniiasiasianiianiias oz Janiianiianias janiiasfanianiangiasfuniianiiasianiangyanias Janiianiianiias Qe

1-920  FL1 NP3 NP3
Table 2-21

FL1 NP4 NP4
1-922  FL1 NP5 NP5
1-923 FL1 NP6 NP6
1-924 FL1 NP7 NP7
1-925 FL1 NP8 NP8
1-926 FL1 NP1l NP1l
1-927 FL1 NP13 NP13
1-928 FL1 NP14 NP14
1-929  FL1 NP15 NP15
1-930  FL1 NP16 NP16
1-931 FL1 NP17 NP17

1-933 FL1 PN1 PNl
1-934 FL1 FL1 FL1
1-935 FL1 TH3 TH3

1-937 FL1 BT3 BT3
1938 FL1 CZ1 CzZ1
1-939  FL1 CZ6 CZ6
1-940 TH3 P1 P1
1-941 TH3 P2 P2
1-942 TH3 P4 P4
1-943  TH3 P5 P5
1-944  TH3 P8 P8
Table 2-20 1-945 TH3 BP1 BP1
1-946 TH3 BP2 BP2
1-947 TH3 BP3 BP3
1-948 TH3 BP4 BP4
1-949 TH3 TP1 TP1
TH3 TP4 TP4
1-951 TH3 TP12 TP12
1-952  TH3 TP15 TPI1S

%

4

9]

4

z

-

3

Z

=

~
jasfiaxiiasiiesiiacianianiasaniianiianiiasfuniiasiiasfanlafinsfias uniies JuariianiianiiesJarijaxiiasiiasfanianiiasfuniariiasfiasianianiias faxlianiianiiasuiesfias)
asjiaxiianiiasiianijanianasjuianiianonfaiiasjias janiasasfiasfusiasfasijaniasias sl sissiasjangasgas fusjasiasgiasjasgasgas faniasiasiasfasgasgas
asfianiianiasiianianianiasfaniianianfiananiiasiiasfaniasginefiasfuniias funiianiiafias Janiianiianiianfananiiasfunaniasgiae s gias faniiasiiasiiasfaiiasiias
jasfianiiasiasiianianianiasfaniianiianfiasfaniiasiiasfaniaginefinsuniias furianiianiasJaniianiiasasfanianiias Juniariasfinsianiasiias aniiasiiasiiasaniiasfias
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1-875  TPL1 TP18 TP18
1-876  TPL1 QP38 QP38
1-877 TPL1 QP45 QP45
1-878  TPL1 QP64 QP64
1-879 TPL1 NP1 NP1
1-880  TPL1 NP3 NP3

js=jiaefianianiiacianiiusiinsfaniisniias fiasuniianiianiianfaniiasiiasaniuniiasiiasiianiiesaniiaxiiaxiias e
jaxjianfangangiasganiiasiiasfianiingiasiasaniianiianiianfaniiasiiasfaniasgiasfins s iias funiianiiaiias e
jasjianfanangiaeganiiasiiasfaniiasgiasfasaniianiianiianQaniianiiasfaniangiaefinsfuniias faniianiianiias uiaias
jasjianfanianiinefaniiasiiasfasiasfiasfasfaniianiianiianfaniiasiiacfanfanginsfinsfuniias Jarianiiasiias uianies
j=jia=fanianiiacuniiusiiesaniinfiasfiasfunianlianiianfaniiasiiasfanianiiasiiasiuniies faziiaxlieniias e
jxjiaefisxiariacaniiusiiusfanifsniias flas aniianiianiianfaniiasiiasaniurianiianianiiesaniaxlianias i aaies
jaxjianfangangiasaniiasiiasianiisnfias fias aniianiianiianfaniianiiacfianiagiasineianiias faniianiiasiias e
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1-953 TH3 TP16 TP16
1-954 TH3 TP17 TP17
1-955 TH3 TP18 TPI18
1-956  TH3 QP38 QP38
1-957  TH3 QP45 QP45
1-958  TH3 QP64 QP64

1-1023 BT3 P5 P5
1-1024 BT3 P8 P8
1-1025 BT3 BP1 BPI
1-1026 BT3 BP2 BP2
1-1027 BT3 BP3 BP3
1-1028 BT3 BP4 BP4
1-1029 BT3 TP1 TP1
1-1030 BT3 TP4 TP4
1-1031 BT3 TP12 TPI12
1-1032 BT3 TP15 TPI1S
1-1033 BT3 TP16 TP16
1-1034 BT3 TP17 TP17
1-1035 BT3 TP18 TPI18
1-1036 BT3 QP38 QP38
Table 2-22 1-1037 BT3 QP45 QP45
1-1038 BT3 QP64 QP64
1-1039 BT3 NP1 NP1
1-1040 BT3 NP3 NP3
1-1041 BT3 NP4 NP4
1-1042 BT3 NP5 NP5
1-1043 BT3 NP6 NP6
1-1044 BT3 NP7 NP7
1-1045 BT3 NP8 NP8
1-1046 BT3 NP11 NPI1
1-1047 BT3 NP13 NP13
1-1048 BT3 NP14 NP14
1-1049 BT3 NP15 NP15
1-1050 BT3 NP16 NP16
1-1051 BT3 NP17 NP17
1-1052 BT3 NP18 NP18
1-1053 BT3 PN1 PNl
1-1054 BT3 FL1 FL1
1-1055 BT3 TH3 TH3
1-1056 BT3 BT1 BT1
1-1057 BT3 BT3 BT3
1-1058 BT3 CZ1 CZ1
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1967 TH3 NP13 NPI3 H H
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jaxji=nfianangiasgianiasiasiaeiisniias ias funiianiianfanfaniiasiiananfaniias furiianiasgaeia i ias funiianianiias e
jasjianfaniangiacfaniaciiasineianiias fas JuniianiiasasQaniiasanananiiasfurianiiasfiasia i iias Janiianiianiiasuianiias
jasji=nfanianiiacfaniaciasineianiiasfias JaniianjiasasQaniianiianananiias Jurianiiasfiasianianiias Janiianiianiias i aniies
js=ji==fianianiacaniiuciiasiiaeiisniies flas axlianiiasasaxiiasiianianianiiasunifaniiasfiasiananiias uxijaxiienlas i aniies)
js=jiaefiaxianiacaniiusiiusiianiisniiusfius aniianiiasanfaniiasiianianissiiasaniianiiasfaniaaianiias axianiianias s aniies
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Table 2-24

1-1059 CZ1 P1 P1
1-1060 CZ1 P2 P2
1-1061 CZ1 P4 P4
1-1062 CZ1 P5 P5
1-1063 CZ1 P8 P8
1-1064 CZ1 BP1 BP1
1-1065 CzZ1 BP2 BP2
1-1066 CZ1 BP3 BP3
1-1067 CZ1 BP4 BP4
1-1068 Cz1 TP1 TP1
1-1069 CzZ1 TP4 TP4
1-1070 CZ1 TP12 TPI12
1-1071 CZ1 TP15 TPI1S
1-1072 CZ1 TP16 TPl16
1-1073 CZ1 TP17 TP17

1-1075 CZ1 QP38 QP38
1-1076 CZ1 QP45 QP45
1-1077 CZ1 QP64 QP64

1-1079 CZ1 NP3 NP3
1-1080 CZ1 NP4 NP4
1-1081 CZ1 NP5 NP5
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1-1012 BTl NP18 NPI8 H

Table 2-23 1-1083 CZ1 NP7 NP7
1-1084 CZ1 NP8 NP8
1-1085 CZ1 NP11 NP1l
1-1086 CZ1 NP13 NP13
1-1087 CZ1 NP14 NP14
1-1088 CZ1 NP15 NP15
1-1089 CZ1 NP16 NP16
CZ1 NP17 NP17
1-1091 CZ1 NP18 NP18
1-1092 CZ1 PN1 PNl

1-1013 BT1 PNl PN1
1-1014 BT1 FL1 FL1
1-1015 BT1 TH3 TH3
1-1016 BT1 BT1 BT1
1-1017 BT1 BT3 BT3
1-1018 BT1 CZ1 CZ1
1-1019 BT1 CZ6 CZ6
1-1020 BT3 P1 P1

1-1021 BT3 P2 P2

1-1022 BT3 P4 P4
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1-1094 CZ1 TH3 TH3
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-continued -continued
No. Al A A R'RZ O ORPR* R R® R No. At A% A® R RZORP R* R RS R
1-1095 CZ1 BTl BTI H H H H H H H 1-1165 TP16 NP7 NP7 H H H H H H Me
1-1096 CZ1 BT3 BT3 H H H H H H H 1-1166 TP16 NP8 NP8 H H H H H H Me
1-1097 CZ1 CzZl CZI H H H H H H H 1-1167 TP16 NP1l NP1l H H H H H H Me
1-1098 TP1 P1 PI H H H H H H Me 1-1168 TP16 NPI3 NP13 H H H H H H Me
1-1099 TP1 P2 P2 H H H H H H Me 1-1169 TP16 NP14 NP14 H H H H H H Me
1-1100 TP1 P4 P4 H H H H H H Me 1-1170 TP16 NPI5 NP15 H H H H H H Me
1-1101 TP1 P5 P5 H H H H H H Me 1-1171 TP16 NP16 NP16 H H H H H H Me
1-1102 TP1 P8 P8 H H H H H H Me 1-1172 TP16 NP17 NP17 H H H H H H Me
1-1103 TP1 BP1 BPI H H H H H H Me 1-1173 TP16 NPI8 NP18 H H H H H H Me
1-1104 TP1 BP2 BP2 H H H H H H Me 1-1174 TP16 PNI PNI H H H H H H Me
Table 2-25 1-1175 TP16 FLI FL1 H H H H H H Me
- 1-1176 TP16 TH3 TH3 H H H H H H Me
1-1105 TPl BP3 BP3 H H H H H H Me 1-1177 TP16 BTl BTI H H H H H H Me
1-1106 TP1 BP4 BP4 H H H H H H Me 1-1178 TP16 BT3 BT3 H H H H H H Me
1-1107 TP1 BP7 BP7 H H H H H H Me 1-1179 TP16 BT6 BT6 H H H H H H Me
1-1108 TP1 TPl TP1 H H H H H H Me 1-1180 TP16 BT7 BT7 H H H H H H Me
1-1109 TPl TP4 TP4 H H H H H H Me 1-1181 TP16 CZl CZI H H H H H H Me
1-1110 TP1 TP12 TPI2 H H H H H H Me 1-1182 NP11 P1 P1 H H H H H H Me
1-1111 TP1 TP15 TPI5 H H H H H H Me 1-1183 NP11 P2 P2 H H H H H H Me
1-1112 TP1 TP16 TP16 H H H H H H Me 1-1184 NP11 P4 P4 H H H H H H Me
1-1113 TP1 TP17 TP17 H H H H H H Me 1-1185 NP11 P5 P5 H H H H H H Me
1-1114 TP1 TPI8 TPI8 H H H H H H Me 1-1186 NP11 P8 P8 H H H H H H Me
1-1115 TP1 QP38 QP38 H H H H H H Me 1-1187 NP11 BPI BPI H H H H H H Me
1-1116 TP1 QP44 QP44 H H H H H H Me 1-1188 NP11 BP2 BP2 H H H H H H Me
1-1117 TP1 QP64 QP64 H H H H H H Me 1-1189 NP11 BP3 BP3 H H H H H H Me
1-1118 TP1 NP1 NPI H H H H H H Me 1-1190 NP11 BP4 BP4 H H H H H H Me
1-1119 TP1 NP3 NP3 H H H H H H Me 1-1191 NP11 BP7 BP7 H H H H H H Me
1-1120 TP1 NP4 NP4 H H H H H H Me 1-1192 NP11 TP1I TP1 H H H H H H Me
1-1121 TP1 NP5 NP5 H H H H H H Me 1-1193 NP11 TP4 TP4 H H H H H H Me
1-1122 TP1 NP6 NP6 H H H H H H Me 1-1194 NP11 TPI12 TPI12 H H H H H H Me
1-1123 TP1 NP7 NP7 H H H H H H Me 1-1195 NP11 TP15 TP1S H H H H H H Me
1-1124 TP1 NP8 NP8 H H H H H H Me 1-1196 NP11 TP16 TP16 H H H H H H Me
1-1125 TP1 NPI1 NPI1 H H H H H H Me Table 2-27
1-1126 TP1 NPI3 NPI13 H H H H H H Me
1-1127 TP1 NP14 NP14 H H H H H H Me 1-1197 NP11 TP17 TP17 H H H H H H Me
1-1128 TP1 NPI5 NP15 H H H H H H Me 1-1198 NP11 TP18 TPI8 H H H H H H Me
1-1129 TP1 NP16 NP16 H H H H H H Me 1-1199 NP11 QP38 QP38 H H H H H H Me
1-1130 TP1 NP17 NP17 H H H H H H Me 1-1200 NP11 QP44 QP44 H H H H H H Me
1-1131 TP1 NPI8 NPI8 H H H H H H Me 1-1201 NP11 QP64 QP64 H H H H H H Me
1-1132 TPl PNI PNI H H H H H H Me 1-1202 NP11 NP1 NP1 H H H H H H Me
1-1133 TPl FL1 FL1 H H H H H H Me 1-1203 NP11 NP3 NP3 H H H H H H Me
1-1134 TP1 TH3 TH3 H H H H H H Me 1-1204 NP11 NP4 NP4 H H H H H H Me
1-1135 TP1 BTl BTI H H H H H H Me 1-1205 NP11 NP5 NP5 H H H H H H Me
1-1136 TP1 BT3 BT3 H H H H H H Me 1-1206 NP11 NP6 NP6 H H H H H H Me
1-1137 TP1 BT6 BT6 H H H H H H Me 1-1207 NP11 NP7 NP7 H H H H H H Me
1-1138 TP1 BT7 BT7 H H H H H H Me 1-1208 NP1l NP8 NP8 H H H H H H Me
1-1139 TP1 CZl CZI H H H H H H Me 1-1209 NP11 NPIl NP1l H H H H H H Me
1-1140 TP16 P1 PI H H H H H H Me 1-1210 NP11 NPI3 NP13 H H H H H H Me
1-1141 TP16 P2 P2 H H H H H H Me 1-1211 NP1l NPI4 NP14 H H H H H H Me
1-1142 TP16 P4 P4 H H H H H H Me 1-1212 NP11 NPI5 NP15 H H H H H H Me
1-1143 TP16 P5 P5 H H H H H H Me 1-1213 NP11 NPI6 NP16 H H H H H H Me
1-1144 TP16 P& P8 H H H H H H Me 1-1214 NP11 NP17 NP17 H H H H H H Me
1-1145 TP16 BPI BPI H H H H H H Me 1-1215 NP11 NPI8 NP18 H H H H H H Me
1-1146 TP16 BP2 BP2 H H H H H H Me 1-1216 NP11 PNI PN1 H H H H H H Me
1-1147 TP16 BP3 BP3 H H H H H H Me 1-1217 NP11 FL1 FL1 H H H H H H Me
1-1148 TP16 BP4 BP4 H H H H H H Me 1-1218 NP11 TH3 TH3 H H H H H H Me
1-1149 TP16 BP7 BP7 H H H H H H Me 1-1219 NP11 BTl BTI H H H H H H Me
1-1150 TP16 TP1 TP1 H H H H H H Me 1-1220 NP11 BT3 BT3 H H H H H H Me
Table 2-26 1-1221 NP11 BT6 BT6 H H H H H H Me
1-1222 NP11 BT7 BT7 H H H H H H Me
1-1151 TP16 TP4 TP4 H H H H H H Me 1-1223 NP11 CZ1 CZI H H H H H H Me
1-1152 TP16 TP12 TPI12 H H H H H H Me 1-1224 BT1 P1 PI H H H H H H Me
1-1153 TP16 TPI15 TP15 H H H H H H Me 1-1225 BT1 P2 P2 H H H H H H Me
1-1154 TP16 TPl16 TP16 H H H H H H Me 1-1226 BTl P4 P4 H H H H H H Me
1-1155 TP16 TP17 TP17 H H H H H H Me 1-1227 BT1 P5 P5 H H H H H H Me
1-1156 TP16 TPI18 TPI8 H H H H H H Me 1-1228 BTl P8 P8 H H H H H H Me
1-1157 TP16 QP38 QP38 H H H H H H Me 1-1229 BT1 BPI BPI H H H H H H Me
1-1158 TP16 QP44 QP44 H H H H H H Me 1-1230 BT1 BP2 BP2 H H H H H H Me
1-1159 TP16 QP64 QP64 H H H H H H Me 1-1231 BT1 BP3 BP3 H H H H H H Me
1-1160 TP16 NP1 NPI H H H H H H Me 1-1232 BTl BP4 BP4 H H H H H H Me
1-1161 TP16 NP3 NP3 H H H H H H Me 1-1233 BT1 BP7 BP7 H H H H H H Me
1-1162 TP16 NP4 NP4 H H H H H H Me 1-1234 BT1 TPl TP1 H H H H H H Me
1-1163 TP16 NP5 NP5 H H H H H H Me 1-1235 BT1 TP4 TP4 H H H H H H Me
1-1164 TP16 NP6 NP6 H H H H H H Me 1-1236 BT1 TPI12 TPI12 H H H H H H Me
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1-1237 BTl TP1S TPI1S H H H H H H Me 1-1307 BT3 CZ1 CZ1 H H H H H H Me
1-1238 BTl TP16 TP16 H H H H H H Me 1-1308 CZ1 P2 P2 H H H H H H Me
1-1239 BT1 TP17 TP17 H H H H H H Me 1-1309 CzZ1 P4 P4 H H H H H H Me
1-1240 BT1 TPI8 TPI8 H H H H H H Me 1-1310 €zZ1 P5 P5 H H H H H H Me
1-1241 BT1 QP38 QP38 H H H H H H Me 1-1311 C€z1 P8 P8 H H H H H H Me
1-1242 BTl QP44 QP44 H H H H H H Me 1-1312 CzZ1 BPI BPI H H H H H H Me
Table 2-28 1-1313 CzZ1 BP2 BP2 H H H H H H Me
- 1-1314 CZ1 BP3 BP3 H H H H H H Me
1-1243 BTl QP64 QP64 H H H H H H Me 1-1315 CZ1 BP4 BP4 H H H H H H Me
1-1244 BT1 NP1 NP1 H H H H H H Me 1-1316 CZ1 BP7 BP7 H H H H H H Me
1-1245 BT1 NP3 NP3 H H H H H H Me 1-1317 C€zZ1 TPl TP1 H H H H H H Me
1-1246 BTl NP4 NP4 H H H H H H Me 1-1318 CZ1 TP4 TP4 H H H H H H Me
1-1247 BT1 NP5 NP5 H H H H H H Me 1-1319 CZ1 TP12 TPI12 H H H H H H Me
1-1248 BT1 NP6 NP6 H H H H H H Me 1-1320 CZ1 TP15S TP15 H H H H H H Me
1-1249 BT1 NP7 NP7 H H H H H H Me 1-1321 CZ1 TP16 TP16 H H H H H H Me
1-1250 BT1 NP8 NP8 H H H H H H Me 1-1322 CZ1 TP17 TP17 H H H H H H Me
1-1251 BTl NP1l NP1l H H H H H H Me 1-1323 CZ1 TP18 TPI8 H H H H H H Me
1-1252 BTl NP13 NPI13 H H H H H H Me 1-1324 CZ1 QP38 QP38 H H H H H H Me
1-1253 BTl NP14 NP4 H H H H H H Me 1-1325 CZ1 QP44 QP44 H H H H H H Me
1-1254 BTl NP15 NP15 H H H H H H Me 1-1326 CZ1 QP64 QP64 H H H H H H Me
1-1255 BTl NP16 NP16 H H H H H H Me 1-1327 CZ1 NP1 NP1 H H H H H H Me
1-1256 BTl NP17 NP17 H H H H H H Me 1-1328 CZ1 NP3 NP3 H H H H H H Me
1-1257 BTl NP18 NP18 H H H H H H Me 1-1329 CZ1 NP4 NP4 H H H H H H Me
1-1258 BT1 PN1 PNI H H H H H H Me 1-1330 CZ1 NP5 NP5 H H H H H H Me
1-1259 BT1 FL1 FL1 H H H H H H Me 1-1331 CZ1 NP6 NP6 H H H H H H Me
1-1260 BTl TH3 TH3 H H H H H H Me 1-1332 CZ1 NP7 NP7 H H H H H H Me
1-1261 BT1 BT1 BTI H H H H H H Me 1-1333 CZ1 NP8 NP8 H H H H H H Me
1-1262 BT1 BT3 BT3 H H H H H H Me 1-1334 CZ1 NP1l NP1l H H H H H H Me
1-1263 BTl BT6 BT6 H H H H H H Me Table 2-30
1-1264 BT1 BT7 BT7 H H H H H H Me
1-1265 BTl CZ1 CZl H H H H H H Me 1-1335 CZ1 NPI3 NP13 H H H H H H Me
1-1266 BT3 P1 Pl H H H H H H Me 1-1336 CZ1 NP14 NP14 H H H H H H Me
1-1267 BT3 P2 P2 H H H H H H Me 1-1337 CZ1 NPIS NP15S H H H H H H Me
1-1268 BT3 P4 P4 H H H H H H Me 1-1338 CZ1 NP16 NP16 H H H H H H Me
1-1269 BT3 PS5 PS5 H H H H H H Me 1-1339 CZ1 NP17 NP17 H H H H H H Me
1-1270 BT3 P8 P8 H H H H H H Me 1-1340 CZ1 NPI8 NPI8 H H H H H H Me
1-1271 BT3 BPI BPI H H H H H H Me 1-1341 CZ1 PNl PN1 H H H H H H Me
1-1272 BT3 BP2 BP2 H H H H H H Me 1-1342 CZ1 FL1 FL1 H H H H H H Me
1-1273 BT3 BP3 BP3 H H H H H H Me 1-1343 CZ1 TH3 TH3 H H H H H H Me
1-1274 BT3 BP4 BP4 H H H H H H Me 1-1344 CZ1 BTl BTI H H H H H H Me
1-1275 BT3 BP7 BP7 H H H H H H Me 1-1345 CZ1 BT3 BT3 H H H H H H Me
1-1276 BT3 TPl TP1 H H H H H H Me 1-1346 CZ1 BT6 BT6 H H H H H H Me
1-1277 BT3 TP4 TP4 H H H H H H Me 1-1347 CzZ1 BT7 BT7 H H H H H H Me
1-1278 BT3 TP12 TPI12 H H H H H H Me 1-1348 CzZ1 CZ1 CZl H H H H H H Me
1-1279 BT3 TP15 TP15 H H H H H H Me 1-1349 P2 P2 P2 H H H H H H Me
1-1280 BT3 TP16 TP16 H H H H H H Me 1-1350 P2 P4 P4 H H H H H H Me
1-1281 BT3 TP17 TP17 H H H H H H Me 1-1351 P2 PS5 P5 H H H H H H Me
1-1282 BT3 TPI8 TPI8 H H H H H H Me 1-1352 P2 P8 P8 H H H H H H Me
1-1283 BT3 QP38 QP38 H H H H H H Me 1-1353 P2 BPI BPI H H H H H H Me
1-1284 BT3 QP44 QP44 H H H H H H Me 1-1354 P2 BP2 BP2 H H H H H H Me
1-1285 BT3 QP64 QP64 H H H H H H Me 1-1355 P2 BP3 BP3 H H H H H H Me
1-1286 BT3 NP1 NP1 H H H H H H Me 1-1356 P2 BP4 BP4 H H H H H H Me
1-1287 BT3 NP3 NP3 H H H H H H Me 1-1357 P2 BP7 BP7 H H H H H H Me
1-1288 BT3 NP4 NP4 H H H H H H Me 1-1358 P2 TPl TP1 H H H H H H Me
Table 2-29 1-1359 P2  TP4 TP4 H H H H H H Me
1-1360 P2 TP12 TPI12 H H H H H H Me
1-1289 BT3 NP5 NP5 H H H H H H Me 1-1361 P2 TP15S TPI15 H H H H H H Me
1-1290 BT3 NP6 NP6 H H H H H H Me 1-1362 P2 TP16 TP16 H H H H H H Me
1-1291 BT3 NP7 NP7 H H H H H H Me 1-1363 P2 TP17 TP17 H H H H H H Me
1-1292 BT3 NP8 NP8 H H H H H H Me 1-1364 P2 TP18 TPI8 H H H H H H Me
1-1293 BT3 NP1l NP1l H H H H H H Me 1-1365 P2 QP38 QP38 H H H H H H Me
1-1294 BT3 NPI13 NP13 H H H H H H Me 1-1366 P2 QP44 QP44 H H H H H H Me
1-1295 BT3 NP14 NP14 H H H H H H Me 1-1367 P2 QP64 QP64 H H H H H H Me
1-1296 BT3 NP15 NP15 H H H H H H Me 1-1368 P2 NP1 NP1 H H H H H H Me
1-1297 BT3 NP16 NP16 H H H H H H Me 1-1369 P2 NP3 NP3 H H H H H H Me
1-1298 BT3 NP17 NP17 H H H H H H Me 1-1370 P2 NP4 NP4 H H H H H H Me
1-1299 BT3 NP18 NP18 H H H H H H Me 1-1371 P2 NP5 NP5 H H H H H H Me
1-1300 BT3 PN1 PN H H H H H H Me 1-1372 P2 NP6 NP6 H H H H H H Me
1-1301 BT3 FL1 FL1 H H H H H H Me 1-1373 P2 NP7 NP7 H H H H H H Me
1-1302 BT3 TH3 TH3 H H H H H H Me 1-1374 P2 NP8 NP8 H H H H H H Me
1-1303 BT3 BT1 BTI H H H H H H Me 1-1375 P2 NP1l NP1l H H H H H H Me
1-1304 BT3 BT3 BT3 H H H H H H Me 1-1376 P2 NP13 NPI13 H H H H H H Me
1-1305 BT3 BT6 BT6 H H H H H H Me 1-1377 P2 NP14 NP4 H H H H H H Me
1-1306 BT3 BT7 BT7 H H H H H H Me 1-1378 P2 NP1S NPIS H H H H H H Me
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1-1379 P2 NP16 NP16 H H H H H H Me
1-1380 P2 NP17 NP17 H H H H H H Me

Table 2-31
-1381 P2 NP18 NPI18 Me
-1382 P2 PNl PN1 Me
-1383 P2 FL1 FL1 Me
-1384 P2 TH3 TH3 Me
-1385 P2 BTl BTI Me
-1386 P2 BT3 BT3 Me
-1387 P2 BT6 BT6 Me
1388 P2 BT7 BT7 Me
-1389 P2 CZl CzZ1 Me

-1390  TP1 IN1 INI1
-1391  TP1 PY1 PYI1

1393 TP1 PY3 PY3
1394 TP1 QNI QN1
1395 TP1 QN2 QN2

-1397 NP11 IN1 IN1
-1398 NP1l PY1 PY1
-1399 NP1l PY2 PY2
-1400 NPI11 PY3 PY3
-1401 NP1l QN1 QNI
-1402 NP1l QN2 QN2
-1403 NP1l QN3 QN3
-1404 TP1 P1 NP1
-1405 TP1 P1 NP11
-1406 TP1 BP2 NP1
-1407 TP1 BP2 NP1l
-1408 NP11 P1 NP1
-1409 NP11 P1 NP11
-1410 NP11 BP2 NP1
-1411 NP11 BP2 NPI1
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-1412 TP1 P1 NP1 Me
-1413 TP1 P1 NP11 Me
-1414 TP1 BP2 NP1 Me
-1415 TP1 BP2 NPI1 Me
-1416 NP11 P1 NP1 Me
-1417 NP11 P1 NP11 Me
-1418 NP1l BP2 NP1 Me
-1419 NP11 BP2 NP1l Me
-1420 NP11 TP1 TP1 t-Bu H
-1421 NP11 TP1 TP1 Me H
-1422 NP1l TP1 TP1 TPM H
-1423 NP1l TP1 TP1 PO H
-1424 NP1l TP1 TP1 CcYy H
-1425 NP1l TP1 TP1 Me H
-1426  NP11 TP1 TP1 t-Bu H

[0077] Among the specific examples described above, the
preferred emission materials are compounds represented by
(1-1), (1-15), (1-38), (1-102), (1-107), (1-113), (1-115),
(1-153), (1-157), (1-158), (1-159), (1-163), (1-179), (1-185),
(1-193), (1-206), (1-215), (1-216), (1-220), (1-221), (1-222),
(1-225), (1-240), (1-246), (1-254), (1-259), (1-267), (1-268),
(1-277), (1-295), (1-303), (1-310), (1-314), (1-315), (1-324),
(1-331), (1-344), (1-351), (1-367), (1-372), (1-373), (1-376),
(1-412), (1-413), (1-414), (1-418), (1-419), (1-422), (1-426),
(1-435), (1-442), (1-459), (1-460), (1-464), (1-465), (1-468),
(1-481), (1-488), (1-495), (1-505), (1-506), (1-510), (1-527),
(1-534), (1-551), (1-552), (1-556), (1-573), (1-580), (1-597),
(1-598), (1-601), (1-602), (1-603), (1-606), (1-619), (1-625),
(1-626), (1-630), (1-636), (1-637), (1-642), (1-643), (1-644),
(1-648), (1-649), (1-665), (1-672), (1-689), (1-690), (1-694),
(1-695), (1-698), (1-711), (1-718), (1-735), (1-736), (1-740),
(1-741), (1-757), (1-764), (1-781), (1-782), (1-786), (1-789),
(1-799), (1-806), (1-981), (1-982), (1-989), (1-999),
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(1-1006), (1-1022), (1-1029), (1-1039), (1-1046), (1-1060),
(1-1061), (1-1065), (1-1068), (1-1078), (1-1085), (1-1095),
(1-1096), (1-1099), (1-1100), (1-1108), (1-1125), (1-1141),
(1-1142), (1-1167), (1-1183), (1-1184), (1-1192), (1-1209),
(1-1225), (1-1226), (1-1251), (1-1267), (1-1268), (1-1293),
(1-1308), (1-1309), (1-1327), (1-1334), (1-1349), (1-1350),
(1-1358), (1-1368), and (1-1375).

[0078] The more preferred emission materials are com-
pounds represented by (1-15), (1-163), (1-179), (1-185),
(1-193), (1-221), (1-277), (1-295), (1-303), (1-331), (1-372),
(1-373), (1-376), (1-412), (1-413), (1-418), (1-419), (1-422),
(1-426), (1-435), (1-442), (1-459), (1-464), (1-468), (1-488),
(1-510), (1-534), (1-556), (1-580), (1-597), (1-601), (1-602),
(1-603), (1-606), (1-625), (1-626), (1-630), (1-643), (1-648),
(1-665), (1-698), (1-718), (1-735), (1-740), (1-741), (1-764),
(1-1060), (1-1065), (1-1068), (1-1078), (1-1085), (1-1099),
(1-1108), (1-1183), (1-1192), (1-1209), (1-1308), (1-1334),
(1-1349), (1-1358) and (1-1375).

[0079] Further preferred emission materials are com-
pounds represented by (1-163), (1-179), (1-331), (1-376),
(1-412), (1-413), (1-418), (1-419), (1-422), (1-459), (1-464),
(1-468), (1-556), (1-597), (1-606), (1-626), (1-648), (1-764),
(1-1060), (1-1068), (1-1085), (1-1108), (1-1192), (1-1209),
(1-1308), (1-1334), (1-1358) and (1-1375).

[0080] The emission material of the present invention can
be synthesized by making use of known synthetic processes
such as Suzuki coupling reaction. The Suzuki coupling reac-
tion is a process in which aromatic halide is subjected to
coupling with aromatic boric acid using a palladium catalyst
in the presence of a base. A reaction route for obtaining the
emission material (1) by the above process is shown in the
following example:

R* R’
Step | Step 2 Step 3
R Br Ar'B(OH), ArB(OH),  Ar’B(OH),
palladium palladium palladium
catalyst/ catalyst/ catalyst/
base base base
Cl R!
R} R?

)

In the above formula, the codes of R! to R” and Ar* to Ar> are
defined in the manners described above.

[0081] The examples of the palladium catalyst used in the
above reaction are Pd(PPh,),, PAC1,(PPh,),, Pd(OAc),, tris
(dibenzylideneacetone)dipalladium (0) and tris(dibenzylide-
neacetone)dipalladium chloroform complex (0). A phosphine
compound may be added, if necessary, to the above palladium
compounds in order to accelerate the reaction. The examples
of the phosphine compound are tri(tert-butyl)phosphine, tri-
cyclohexyl phosphine, 1-(N,N-dimethylaminomethyl)-2-(di-
tert-butylphosphino)ferrocene, 1-(N,N-dibutylaminom-
ethyl)-2-(di-tert-butylphosphino)-ferrocene,
1-(methoxymethyl)-2-(di-tert-butylphosphino)ferrocene,
1,1'-bis(di-tert-butylphosphino)ferrocene,  2,2'-bis(di-tert-
butylphosphino)-1,1'-binaphthyl, 2-methoxy-2'-(di-tert-bu-
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tylphosphino)-1,1'-binaphthyl and 2-dicyclohexylphos-
phino-2',6'-dimethoxybiphenyl. The examples of the base
used in the above reaction are sodium carbonate, potassium
carbonate, cesium carbonate, sodium hydrogencarbonate,
sodium hydroxide, potassium hydroxide, barium hydroxide,
sodium ethoxide, sodium tert-butoxide, sodium acetate, tri-
potassium phosphate and potassium fluoride. Further, the
examples of the solvent used in the above reaction are ben-
zene, toluene, xylene, N,N-dimethylformamide, tetrahydro-
furan, diethyl ether, tert-butyl methyl ether, 1,4-dioxane,
methanol, ethanol and isopropy! alcohol. The above solvents
can suitably be selected according to the structures of the
aromatic halide and the aromatic boric acid which are reacted.
The solvents may be used alone or in the form of a mixed
solvent.

[0082] The emission material of the present invention is a
compound having strong fluorescent color in a solid state and
can be used for emission of various colors, and it is particu-
larly suited for emission of blue color. The emission material
of the present invention has asymmetric molecular structure,
and therefore it is liable to form an amorphous state in pro-
ducing an organic EL device. The emission material of the
present invention is excellent in heat resistance and stable as
well in applying an electric field. Because of the reasons
described above, the emission material of the present inven-
tion is excellent as an emission material for a field emission
type device.

[0083] The emission material of the present invention has
emission wavelength falling in wide range from short blue
color extending to pure blue color, and therefore it is effective
as a blue color host or a blue color dopant. Further, it can be
used for a host emission material other than those of blue
color. In particular, the emission material of the present inven-
tion is excellent as a blue color host. If the emission material
of the present invention is used as a host material, energy
transfer is efficiently carried out, and an emission device
having high efficiency and long life is obtained.

[0084] The second present invention is an organic EL
device in which an emission layer comprises the emission
material of the present invention represented by Formula (1).
The organic EL device of the present invention not only has
high efficiency and long life but also has low drive voltage and
high durability in storing and driving.

[0085] The organic EL device of the present invention has
structures of various modes. Fundamentally, it comprises
multilayer structure in which at least a hole transport layer, an
emission layer and an electron transport layer are sandwiched
between an anode and a cathode. The examples of the specific
constitutions of the device are (1) anode/hole transport layer/
emission layer/electron transport layer/cathode, (2) anode/
hole injection layer/hole transport layer/emission layer/elec-
tron transport layer/cathode and (3) anode/hole injection
layer/hole transport layer/emission layer/electron transport
layer/electron injection layer/cathode.

[0086] The emission material of the present invention has
high quantum efficiency, hole injection ability, hole transport
ability, electron injection ability and electron transport abil-
ity, and therefore it can effectively be used as an emission
material for an emission layer. In the organic EL device of the
present invention, an emission layer can be formed from the
emission material alone of the present invention. In the
organic EL device of the present invention, combination of
the emission material of the present invention with other
emission materials makes it possible to improve emission
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luminance and emission efficiency and obtain emission of
blue color, green color, red color and white color. In this case,
the organic EL device of the present invention can contain the
emission material of the present invention not only as a host
but also as a dopant.

[0087] Other emission materials which can be used for the
emission layer together with the emission material of the
present invention are emission materials described in “Fore-
front in Full-scale Practical Use of Organic EL Display”
(2002), p. 125 to 132, edited by Investigation and Research
Section of Toray Research Center and published by Asahi
High-Speed Print Co., Ltd. and emission materials described
inp. 153 to 156 and triplet materials described inp. 170to 172
of “Organic EL Materials and Displays” (2001), supervised
by J. Kido and published by CMC Co., Ltd.

[0088] Compounds which can be used as the other emission
materials are polycyclic aromatic compounds, hetero aro-
matic compounds, organic metal complexes, coloring mat-
ters, polymeric emission materials, styryl derivatives, cou-
marin derivatives, borane derivatives, oxazine derivatives,
compounds having a spiro ring, oxadiazole derivatives and
fluorene derivatives. The examples of the polycyclic aromatic
compounds are anthracene derivatives, phenanthrene deriva-
tives, naphthacene derivatives, pyrene derivatives, chrysene
derivatives, perylene derivatives, coronene derivatives and
rubrene derivatives. The examples of the heteroaromatic
compounds are oxadiazole derivatives having a dialkylamino
group or a diarylamino group, pyrazoloquinoline derivatives,
pyridine derivatives, pyran derivatives, phenanthroline
derivatives, silole derivatives, thiophene derivatives having a
triphenylamine group and quinacridone derivatives. The
examples of the organic metal complexes are complexes of
zinc, aluminum, beryllium, europium, terbium, dysprosium,
iridium and platinum with quinolinol derivatives, benzox-
azole derivatives, benzothiazole derivatives, oxadiazole
derivatives, thiadiazole derivatives, phenylpyridine deriva-
tives, phenylbenzimidazole derivatives, pyrrole derivatives,
pyridine derivatives and phenanthroline derivatives. The
examples of the coloring matters include coloring matters
such as xanthene derivatives, polymethine derivatives, por-
phyrin derivatives, coumarin derivatives, dicyanomethyl-
enepyran derivatives, dicyanomethylenethiopyran deriva-
tives,  oxobenzanthracene  derivatives,  carbostyryl
derivatives, perylene derivatives, benzoxazole derivatives,
benzothiazole derivatives and benzimiazole derivatives. The
examples of the polymeric emission materials are polypar-
aphenylvinylene derivatives, polythiophene derivatives,
polyvinylcarbazole derivatives, polysilane derivatives, poly-
fluorene derivatives and polyparaphenylene derivatives. The
examples of the styryl derivatives are amine-containing styryl
derivatives and styrylarylene derivatives.

[0089] A dopant in using the emission material of the
present invention as a blue color host is preferably perylene
derivatives, amine-containing styryl derivatives, coumarin
derivatives, borane derivatives, pyran derivatives, iridium
complexes or platinum complexes. The examples of the
perylene derivative are 3,10-bis(2,6-dimethylphenyl)
perylene, 3,10-bis(2,4,6-trimethylphenyl)perylene, 3,10-
diphenylperylene, 3,4-diphenylperylene, 2,5,8,11-tetra-tert-
butylperylene, 3,4,9,10-tetraphenylperylene, 3-(1'-pyrenyl)-
8,11-di(tert-butyl)perylene, 3-(9'-anthryl)-8,11-di(tert-butyl)
perylene and 3,3'-bis(8,11-di(tert-butyl)perylenyl). The
examples of the borane derivative are 1,8-diphenyl-10-(di-
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mesitylboryl)anthracene,
thracene, 4-(9'-anthryl)dimesitylborylnaphthalne,
phenyl-9'-anthryl)dimesitylborylnaphthalne,
9-(dimesitylboryl)anthracene, 9-(4'-biphenylyl)-10-(dimesi-
tylboryl)anthracene and 9-(4'-(N-carbazolyl)phenyl)-10-(di-
mesitylboryl)anthracene. The examples of the coumarin
derivative are coumarin-6 and coumarin-334.

[0090] Theexamples ofthe amine-containing styryl deriva-
tive are N,N,N' N'-tetra(4-biphenylyl)-4,4'-diaminostilbene,
N,N,N',N'-tetra(1-naphthyl)-4,4'-diaminostilbene, N,N,N',
N'-tetra(2-naphthyl)-4,4'-diaminostilbene, N,N'-di(2-naph-
thyl)-N,N'-diphenyl-4,4'-diaminostilbene, N,N'-di(9-
phenanthryl)-N,N'-diphenyl-4,4'-diaminostilbene,  4,4'-bis
[4"-bis(diphenylamino)styryl]-biphenyl, 1,4-bis[4'-bis
(diphenylamino)styryl]-benzene, 2,7-bis[4'-bis
(diphenylamino)styryl]-9,9-dimethylfluorene,  4,4'-bis(9-
ethyl-3-carbazovinylene)-biphenyl and 4,4'-bis(9-phenyl-3-
carbazovinylene)-biphenyl.

[0091] The examples of the pyran derivative are DCM and
DCITB shown below:

9-phenyl-10-(dimethylboryl)an-
4-(10'-

DCM

DCITB

t-Bu

[0092] The examples of the iridium complex are Ir(ppy),
shown below and the like:

7/ \
I\ \/
7\

Ir(ppy)s
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[0093] The examples of the platinum complex are PtOEP
shown below and the like:

Et Et

Et Et

Et Et

Et Et
PtOEP

[0094] A host in using the emission material of the present
invention as a blue color dopant is preferably anthracene
derivatives, distyrylarylene derivatives, pyrene derivatives or
fluorene derivatives. The examples of the anthracene deriva-
tive are 9-(2-naphthyl)-10-(3,5-diphenylphenyl)anthracene,
9-(1-naphthyl)-10-(3,5-diphenylphenyl)anthracene,  9-(2-
naphthyl)-10-[3,5-di(2-naphthyl)phenyl]anthracene, 9-(2-
naphthyl)-10-[3,5-di(1-naphthyl)phenyl]anthracene, 9-(1-
naphthyl)-10-[3,5-di(2-naphthyl)phenyl]anthracene, 9-(1-
naphthyl)-10-[3,5-di(1-naphthyl)phenyl]anthracene, 9,10-di
(2-naphthyl)anthracene, 9,10-di(1-naphthyl)anthracene,
9,10-di(9-phenanthryl)anthracene, 9,10-bis(9,9-dimethyl-2-
fluorenyl)anthracene, 2,3,6,7-tetramethyl-9,10-di(2-naph-
thyl)anthracene, 2,3,6,7-tetramethyl-9,10-di(1-naphthyl)an-
thracene, 2-tert-butyl-9,10-di(2-naphthyl)anthracene, 2-tert-
butyl-9,10-di(1-naphthyl)anthracene, 9,10-bis[2-(2-
naphthyl)phenyl]anthracene, 9,10-bis[2-(1-naphthyl)
phenyl]anthracene, 9,10-bis[3,5-di(2-naphthyl)phenyl]
anthracene, 9,10-bis[3,5-di(1-naphthyl)phenyl]anthracene,
9,10-bis(3,5-diphenylphenyl)anthracene,  9,10-bis[4-(3,5-
diphenylphenyl)phenyl]anthracene, 9,10-bis[4-(2-naphthyl)
phenyl]anthracene, 9,10-bis[4-(2,2-diphenylvinyl)phenyl]
anthracene, 10,10'-bis(3,5-diphenylphenyl)-[9,9']-bianthryl,
9,9',10,10'-tetraphenyl-[2,2']-bianthryl,  9,9',10,10'-tetra(2-
biphenylyl)-[2,2']-bianthryl, 9,9',10,10'-tetra(3-biphenylyl)-
[2,2"]-bianthryl, 9,9',10,10'-tetra(4-biphenylyl)-[2,2']-bian-
thryl, 9,9',10,10'-tetra(2-naphthyl)-[2,2']-bianthryl and 9,9',
10,10'-tetra(1-naphthyl)-[2,2']-bianthryl.

[0095] The examples of the distyrylarylene derivative are
4,4'-bis(2,2-diphenylvinyl)-biphenyl, 4,4'-bis[2,2-di(m-
tolyl)vinyl]-biphenyl, 4,4'-bis(triphenylvinyl)-biphenyl, 4,4'-
bis[2,2-bis-(4-tert-butylphenyl)vinyl]-biphenyl, 4,4'-bis[2-
(4-tert-butylphenyl)-2-phenylvinyl]-biphenyl, 4,4'-bis[2,2-di
(2-naphthyl)vinyl]-biphenyl, 4,4'-bis[2,2-di(1-naphthyl)
vinyl]-biphenyl and  4,4'-bis(2,2-diphenylvinyl)-[1,1']
binaphthyl.

[0096] The examples of the pyrene derivative are 1-[3,5-di
(2-naphthyl)phenyl]pyrene, 1,4-di(1-pyrenyl)benzene, 1,3,
5-tri(1-pyrenyl)benzene, 1,4-di(1-pyrenyl)naphthalene and
2,6-di(1-pyrenyl)naphthalene.

[0097] The examples of the fluorene derivative are 1,3,5-
tris(9,9-dimethyl-2-fluorenyl)benzene, 1,2,4,5-tetrakis(9,9-
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dimethyl-2-fluorenyl)benzene, 1,4-bis(9,9-dimethyl-2-fluo-

renyl)naphthalene and 2,6-bis(9,9-dimethyl-2-fluorenyl)
naphthalene.
[0098] Those optionally selected from compounds which

can be used as an electron transport compound in a photocon-
ductive material and compounds which can be used for an
electron injection layer and an electron transport layer in an
organic EL device can be used as an electron transport mate-
rial and an electron injection material which are used for the
organic EL device of the present invention.

[0099] The examples of the above electron transport com-
pound are quinolinol base metal complexes, pyridine deriva-
tives, phenanthroline derivatives, diphenylquinone deriva-
tives, perylene derivatives, oxadiazole derivatives, thiophene
derivatives, triazole derivatives, thiadiazole derivatives, metal
complexes of oxine derivatives, quinoxaline derivatives,
polymers of quinoxaline derivatives, benzoxazole com-
pounds, gallium complexes, pyrazole derivatives, perfluori-
nated phenylene derivatives, triazine derivatives, pyrazine
derivatives, benzoquinoline derivatives, imidazopyridine
derivatives and borane derivatives.

[0100] The preferred examples of the electron transport
compound are quinolinol base metal complexes, pyridine
derivatives or phenanthroline derivatives. The examples of
the quinolinol base metal complexes are tris(8-hydrox-
yquinoline)aluminum (hereinafter abbreviated as ALQ), bis
(10-hydroxybenzo[h]quinoline)beryllium, tris(4-methyl-8-
hydroxyquinoline)aluminum and bis(2-methyl-8-
hydroxyquinoline)-(4-phenylphenol)aluminum. The
examples of the pyridine derivatives are 2,5-bis(6'-(2',2"-bi-
pyridyl)-1,1-dimethyl-3,4-diphenylsilol (hereinafter abbre-
viated as PyPySPyPy), 9,10-di(2',2"-bipyridyl)anthracene,
2,5-di(2',2"-bipyridyl)thiophene and 2,5-di(31,2"-bipyridyl)
thiophene and 6',6"-di(2-pyridyl)2,2":4":,3":2" 2"-quaterpy-
ridine. The examples of the phenanthroline derivatives are
4,7-diphenyl-1,10-phenanthroline, 2,9-dimethyl-4,7-diphe-
nyl-1,10-phenanthroline, 9,10-di(1,10-phenanthroline-2-yl)
anthracene, 2,6-di(1,10-phenanthroline-5-yl)pyridine, 1,3,5-
tri(1,10-phenanthroline-5-yl)benzene and  9,9'-bis(1,10-
phenanthroline-5-yl). In particular, use of the phenanthroline
derivatives for the electron transport layer or the electron
injection layer makes it possible to realize the low voltage and
the high efficiency.

[0101] Optional compounds selected from compounds
which have so far conventionally been used as an electron
transport material for a hole in a photoconductive material
and publicly known compounds which are used for a hole
injection layer and a hole transport layer in an organic EL
device can be used as a hole injection material and a hole
transport material which are used for the organic EL device of
the present invention. The examples thereof are carbazole
derivatives, triarylamine derivatives and phthalocyanine
derivatives. The examples of the carbazole derivatives are
N-phenylcarbazole and polyvinylcarbazole. The examples of
the triarylamine derivatives are polymers having aromatic
tertiary amine in a principal chain or a side chain, 1,1-bis(4-
di-p-tolylaminophenyl)cyclohexane, N,N'-diphenyl-N,N'-di
(3-methylphenyl)-4,4'-diaminobiphenyl, N,N'-diphenyl-N,
N'-dinaphthyl-4,4'-diaminobiphenyl (hereinafter abbreviated
as NPD), 4,4' 4" -tris {N-(3-methylphenyl)-N-
phenylamino }triphenylamine and star burst amine deriva-
tives. The examples of the phthalocyanine derivatives are
non-metal phthalocyanine and copper phthalocyanine.
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[0102] The respective layers constituting the organic EL
device of the present invention can be formed by making thin
films from materials to constitute the respective layers by a
vapor deposition method, a spin cast method or a cast method.
A film thickness of the respective layers thus formed shall not
specifically be restricted and can suitably be set up according
to the properties, and it falls in range of usually 2 nm to 5000
nm. The vapor deposition method is preferably adopted as a
method for forming a thin film from the emission material in
terms of the points that a homogeneous film is liable to be
obtained and that pinholes are less liable to be formed. When
the vapor deposition method is used to form a thin film, the
vapor deposition conditions are varied depending on the kind
of the emission material and a crystal structure and an aggre-
gate structure which are targeted by a molecular cumulative
film. The vapor deposition conditions are preferably set up in
the ranges of usually boat heating temperature of 50 to 400°
C., vacuum degree of 107° to 10~ Pa, deposition speed of
0.01 to 50 nm/second, substrate temperature of =150 to +300°
C. and film thickness of 5 nm to 5 um.

[0103] The organic EL device of the present invention is
preferably supported by a substrate in any of the structures
described above. The substrate may be any one as long as it
has mechanical strength, heat stability and transparency, and
glass and transparent plastic film can be used. Metals, alloys,
electroconductive compounds and mixtures thereof each hav-
ing work function of larger than 4 eV can be used for the
anode material. The examples thereof are metals such as Au
and the like, Cul, indium tin oxide (hereinafter abbreviated as
ITO), SnO, and ZnO.

[0104] Metals, alloys, electroconductive compounds and
mixtures thereof each having work function of smaller than 4
eV can beused for the cathode material. The examples thereof
are aluminum, calcium, magnesium, lithium, magnesium
alloys and aluminum alloys. The examples of the alloys are
aluminuny/lithium fluoride, aluminum/lithium, magnesium/
silver and magnesium/indium. At least one of the electrodes
has preferably a light transmittance set to 10% or more in
order to efficiently take out emission from the organic EL
device. The electrodes are preferably controlled to sheet
resistance of several hundred O/square or less. The film thick-
ness is set, though depending on the properties of the elec-
trode material, in range of usually 10 nm to 1 pum, preferably
10 to 400 nm. Such electrodes can be produced by forming
thin films from the electrode substances described above by
vapor deposition and sputtering.

[0105] Next, a method for preparing an organic EL device
comprising anode/hole injection layer/hole transport layer/
emission material of the present invention+dopant (emission
layer)/electron transport layer/cathode each described above
shall be explained as one example of methods for preparing
an organic EL device using the emission material of the
present invention. A thin film of an anode material is formed
on a suitable substrate by a vapor deposition method to pre-
pare an anode, and then the thin films of a hole injection layer
and ahole transport layer are formed on the above anode. The
emission material of the present invention and a dopant are
codeposited thereon to form a thin film to thereby obtain an
emission layer, and an electron transport layer is formed on
the above emission layer. Further, a thin film comprising a
material fora cathode is formed thereon by a vapor deposition
method to prepare a cathode, whereby the intended organic
EL device is obtained. In preparing the organic EL device
described above, it can be prepared in the order of a cathode,



US 2010/0025661 Al

an electron transport layer, an emission layer, a hole transport
layer, a hole injection layer and an anode by upsetting the
preparing order.

[0106] The emission material and the dopant are co-depos-
ited by known method. That is, the substrate is mounted at an
upper part of a vacuum bath, and two evaporation sources are
mounted at a lower part thereof. The materials are evaporated
from two evaporation sources at the same time, whereby both
materials are deposited on the substrate while mixing. In this
case, a partition board is disposed between two evaporation
sources, and film thickness monitors are installed respec-
tively in the vicinity of the substrate and the vicinity of the
respective evaporation sources. A film having a desired mixed
proportion can be obtained by evaporating the respective
materials at a determined evaporation rate at the same time.
Since the partition board is present between the evaporation
sources, the film thickness monitors installed in the vicinity of
the respective evaporation sources do not detect molecules
evaporated from the other evaporation source, and therefore
this is used to detect the respective evaporation rates. The film
thickness monitor installed in the vicinity of the substrate
detects molecules evaporated from both evaporation sources,
and therefore this is used to always detect the piled film
thickness, whereby the film having a desired film thickness
can be formed on the substrate. Co-deposition in the present
invention shall not be restricted to the method described
above and can be carried out by known methods. The prin-
ciple of co-deposition is disclosed as dual source deposition
method in, for example, chapter 9.2 (p. 153) of Optical Tech-
nique Series I1, Optical Thin Film (second edition), published
on Oct. 10, 1986, Kyoritsu Shuppan Co., Ltd. The outline of
practical apparatus is disclosed as an organic polymer depo-
sition synthetic apparatus in, for example, third part, chapter
1, clause 1 (FIG. 8 at page 125) of Light-Thin Film Technical
Manual (enlarged and revised edition), published on Aug. 31,
1992, The Optronics Co., Ltd. Further, a production method
for an organic co-deposited film is disclosed in JP H14-76027
A/2002. Application to production of an organic EL device is
disclosed in, for example, C. W. Tang, S. A. Van Slyke and C.
H. Chen, I. Appl. Phys. 65 (9), 3610 to 3616, (1989).

[0107] When applying DC voltage to the organic +EL
device thus obtained, it is applied with the polarity of the
anode set to + and that of the cathode set to —, and when
applying voltage of 2 to 40 V, emission can be observed from
the transparent or translucent electrode sides (anode or cath-
ode and both). Also, when applying AC voltage to the above
organic EL device, emission is observed as well. The wave-
form of the alternating current applied may be optional.
[0108] The present invention shall be explained in further
details with reference to examples.

Example 1
Synthesis of Compound (1-277)

[0109] 10-Bromo-1,8-dichloroanthracene 3.26 g and 4-bi-
phenylboronic acid 14.9 g were dissolved in 100 ml of N,N-
dimethylformamide under nitrogen atmosphere, and
Pd(OAc), 034 g and 2-dicyclohexylphosphino-2',6'-
dimethoxybiphenyl 1.2 g were added thereto and stirred for
one minute. Then, 19.1 g of tripotassium phosphate was
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added thereto and heated at 100° C. for 6 hours. After finish-
ing heating, the reaction liquid was cooled down, and 200 ml
of water was added thereto. A solid matter was filtered off and
washed with water and methanol to obtain 6.2 g of a crude
product. Then, it was extracted by Soxhlet method using 300
ml of toluene to obtain 4.5 g of the targeted product. The
structure of the compound (1-277) was confirmed by MS
spectrum and NMR measurement. Melting point: 351° C.
(measuring equipment: Diamond DSC (manufactured by
Perkin-Elmer Co., Ltd.); measuring conditions: cooling rate
200° C./min. and heating rate 10° C./min.)

(1-277)

Example 2

Synthesis of Compound (1-373)

[0110] 10-Bromo-1,8-dichloroanthracene 3.26 g and 2-bi-
phenylboronic acid 14.9 g were dissolved in 100 ml of N,N-
dimethylformamide under nitrogen atmosphere, and
Pd(OAc), 034 g and 2-dicyclohexylphosphino-2',6'-
dimethoxybiphenyl 1.2 g were added thereto and stirred for
one minute. Then, 19.1 g of tripotassium phosphate was
added thereto and heated at 100° C. for 12 hours. After fin-
ishing heating, the reaction liquid was cooled down, and 200
ml of water was added thereto. A solid matter was filtered off
and washed with water and methanol to obtain 5.9 g of crude
product. Then, it was subjected to column refining (solvent:
heptane/toluene=3/1) with silica gel, and then 1.8 g of the
targeted compound was obtained. The structure of the com-
pound (1-373) was confirmed by an MS spectrum and NMR
measurement. The other physical properties are shown below.
Glass transition temperature: 91° C.; melting point: 229° C.
(measuring equipment: Diamond DSC (manufactured by
Perkin-Elmer Co., Ltd.); measuring conditions: cooling rate
200° C./min. and heating rate 10° C./min.)
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(1-373)

Example 3
Synthesis of Compound (1-412)

[0111] 10-Bromo-1,8-dichloroanthracene 3.26 g and
m-terphenyl-5'-boronic acid 2.74 g were dissolved in 100 ml
of mixed solvent of toluene and ethanol (toluene/ethanol=4/
1) under nitrogen atmosphere, and 0.58 g of tetrakis(triph-
enylphosphine)palladium (0) was added thereto and stirred
for 5 minutes. Then, 10 ml of 2M sodium carbonate aqueous
solution was added thereto, and the solution was refluxed for
8 hours. After finishing heating, the reaction liquid was
cooled to separate an organic layer, and it was washed with
saturated brine and then dried on anhydrous magnesium sul-
fate. A solid matter obtained by removing the drying agent
and distilling the solvent off under reduced pressure was
subjected to column refining (solvent: heptane/toluene=3/1)
with silica gel, and then 4.6 g of an intermediate compound

1,8-dichloro-10-(m-terphenyl-5'-yl)anthracene was
obtained.
[0112] Tris(dibenzylideneacetone)dipalladium (0) 0.266 g

and tri-tert-butylphosphine 0.117 g were dissolved in 50 ml of
1,4-dioxane, and 4.6 g of 1,8-dichloro-10-(m-terphenyl-5'-
yl)anthracene described above, 3.54 g of phenylboronic acid
and 3.7 g of potassium fluoride each were added thereto,
followed by heating the mixture at 90° C. for 90 hours. After
finishing heating, the reaction liquid was cooled down and
subjected to short column with silica gel (solvent:toluene).
Thereafter, it was subjected to column refining (solvent:hep-
tane/toluene=2/1) with silica gel, and then 3.6 g of the tar-
geted compound was obtained. The structure of the com-
pound (1-412) was confirmed by MS spectrum and NMR
measurement. The other physical properties are shown below.
Glass transition temperature (Tg): 108° C.; melting point:
257° C. (measuring equipment: Diamond DSC (manufac-
tured by Perkin-Elmer Co., [td.); measuring conditions:
cooling rate 200° C./min. and heating rate 10° C./min.)

Example 4
Synthesis of Compound (1-422)

[0113] 10-Bromo-1,8-dichloroanthracene 3.26 g and
m-terphenyl-5'-boronic acid 20.56 g were dissolved in 100 ml
of N,N-dimethylformamide under nitrogen atmosphere, and
Pd(OAc), 034 g and 2-dicyclohexylphosphino-2',6'-
dimethoxybiphenyl 1.2 g were added thereto and stirred for
one minute. Then, 19.1 g of tripotassium phosphate was
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added thereto and heated at 100° C. for 8 hours. After finish-
ing heating, the reaction liquid was cooled down, and 200 ml
of' water was added thereto. A solid matter was filtered off and
washed with water and methanol to obtain 8.5 g of a crude
product. Thereafter, it was subjected to column refining (sol-
vent: heptane/toluene=2/1) with silica gel, and then 6.2 g of
the targeted compound was obtained. The structure of the
compound (1-422) was confirmed by MS spectrum and NMR
measurement. The other physical properties are shown below.

Glass transition temperature: 145° C.; melting point: 307° C.
(measuring equipment: Diamond DSC (manufactured by
Perkin-Elmer Co., Ltd.); measuring conditions: cooling rate
200° C./min. and heating rate 10° C./min.)

(1-422)

Example 5
Synthesis of Compound (1-626)

[0114] 10-Bromo-1,8-dichloroanthracene 3.26 g and
2-naphthaleneboronic acid 12.9 g were dissolved in 100 ml of
N,N-dimethylformamide under nitrogen atmosphere, and
Pd(OAc), 034 g and 2-dicyclohexylphosphino-2',6'-
dimethoxybiphenyl 1.2 g were added thereto and stirred for
one minute. Then, 19.1 g of tripotassium phosphate was
added thereto and heated at 100° C. for 4 hours. After finish-
ing heating, the reaction liquid was cooled down, and 200 ml
of water was added thereto. A solid matter was filtered off and
washed with water and methanol to obtain 5.5 g of a crude
product. Thereafter, it was subjected to column refining (sol-
vent: heptane/toluene=2/1) with silica gel, and then 4.2 g of
the targeted compound was obtained. The structure of the
compound (1-626) was confirmed by an MS spectrum and
NMR measurement. The other physical properties are shown
below.

Glass transition temperature: 109° C.; melting point: 277° C.
(measuring equipment: Diamond DSC (manufactured by
Perkin-Elmer Co., Ltd.); measuring conditions: cooling rate
200° C./min. and heating rate 10° C./min.)
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(1-626)

[0115] Suited selection of the compounds which are the
raw materials makes it possible to synthesize the other emis-
sion materials of the present invention by a method corre-
sponding to the synthetic example described above.

Example 6

[0116] A glass substrate (manufactured by Tokyo Sanyo
Vacuum Co., Ltd.) of 26 mmx28 mmx0.7 mm on which ITO
was deposited in a thickness of 150 nm was used for a trans-
parent supporting substrate. This transparent supporting sub-
strate was fixed on a substrate holder of a commercial vacuum
deposition apparatus (manufactured by ULVAC KIKO Inc.),
and installed therein were a molybdenum-made boat source
for deposition containing copper phthalocyanine, a molybde-
num-made boat source for deposition containing NPD, a
molybdenum-made boat source for deposition containing the
compound (1-412), a molybdenum-made boat source for
deposition containing ALQ, a molybdenum-made boat
source for deposition containing lithium fluoride and a tung-
sten-made boat source for deposition containing aluminum.
A pressure of the vacuum chamber was reduced down to
1x1073 Pa, and the boat source for deposition containing
copper phthalocyanine was heated to deposit copper phtha-
locyanine so that a film thickness of 20 nm was obtained to
thereby form a hole injection layer. Then, the boat source for
deposition containing NDP was heated to deposit NDP so that
a film thickness of 30 nm was obtained to thereby form a hole
transport layer. Next, the molybdenum-made boat source for
deposition containing the compound (1-412) was heated to
deposit the compound (1-412) so that a film thickness of 35
nm was obtained to thereby form an emission layer. Then, the
boat source for deposition containing ALQ was heated to
deposit ALQ so that a film thickness of 15 nm was obtained to
thereby form an electron transport layer. The above deposit
rates were 0.1 to 0.2 nm/second. Thereafter, the boat source
for deposition containing lithium fluoride was heated to
deposit lithium fluoride at a deposit rate of 0.003 to 0.01
nm/second so that a film thickness of 0.5 nm was obtained,
and then the boat source for deposition containing aluminum
was heated to deposit aluminum at a deposit rate 0o 0.2 to 0.5
nm/second so that a film thickness of 100 nm was obtained,
whereby an organic EL device was obtained. A DC voltage of
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about 4.8V was applied with the ITO electrode set to an anode
and the lithium fluoride/aluminum electrode set to a cathode,
and a current of about 4 mA/cm? passed to obtain emission of
blue color having emission efficiency of 2.5 um/W and wave-
length of 434 nm. Further, the half lifetime of the device was
200 hours at an initial luminance of 1000 cd/m? when it was
driven at a constant current of 50 mA/cm?>.

Example 7

[0117] An organic EL device was obtained by a method
corresponding to Example 6, except that ALQ used for the
electron transport layer in Example 6 was changed to
PyPySPyPy. A DC voltage of about 3 V was applied with the
ITO electrode set to an anode and the lithium fluoride/alumi-
num electrode set to a cathode, and a current of about 3
mA/cm? passed to obtain emission of blue color having emis-
sion efficiency of 3.6 pm/W and wavelength of 436 nm.
Further, the half lifetime of the device was 160 hours at an
initial luminance of 1500 cd/m? when it was driven at a
constant current of 50 mA/cm?>.

Example 8

[0118] A glass substrate (manufactured by Tokyo Sanyo
Vacuum Co., L'td.) of 26 mmx28 mmx0.7 mm on which ITO
was deposited in a thickness of 150 nm was used for a trans-
parent supporting substrate. This transparent supporting sub-
strate was fixed on a substrate holder of a commercial vacuum
deposition apparatus (manufactured by ULVAC KIKO, Inc.),
and installed therein were a molybdenum-made boat source
for deposition containing copper phthalocyanine, a molybde-
num-made boat source for deposition containing NPD, a
molybdenum-made boat source for deposition containing the
compound (1-412), a molybdenum-made boat source for
deposition containing 3,10-bis(2,6-dimethylphenyl)
perylene, a molybdenum-made boat source for deposition
containing ALQ, a molybdenum-made boat source for depo-
sition containing lithium fluoride and a tungsten-made boat
source for deposition containing aluminum. A pressure of the
vacuum chamber was reduced down to 1x10~> Pa, and the
boat source for deposition containing copper phthalocyanine
was heated to deposit copper phthalocyanine so that a film
thickness of 20 nm was obtained to thereby form a hole
injection layer. Then, the boat source for deposition contain-
ing NDP was heated to deposit NDP so that a film thickness
of'30 nm was obtained to thereby form a hole transport layer.
Next, the molybdenum-made boat source for deposition con-
taining the compound (1-412) and the molybdenum-made
boat source for deposition containing 3,10-bis(2,6-dimeth-
ylphenyl)perylene were heated to codeposit both compounds
so that a film thickness 0of 35 nm was obtained to thereby form
an emission layer. In this case, a doping concentration of
3,10-bis(2,6-dimethylphenyl)perylene was about 1% by
weight. Then, the boat source for deposition containing ALQ
was heated to deposit ALQ so that a film thickness of 15 nm
was obtained to thereby form an electron transport layer. The
above deposit rates were 0.1 to 0.2 nm/second. Thereafter, the
boat source for deposition containing lithium fluoride was
heated to deposit lithium fluoride at a deposit rate 0o£ 0.003 to
0.01 nn/second so that a film thickness of 0.5 nm was
obtained, and then the boat source for deposition containing
aluminum was heated to deposit aluminum at a deposit rate of
0.2 to 0.5 nm/second so that a film thickness of 100 nm was
obtained, whereby an organic EL device was obtained. A DC
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voltage of about 4.5 V was applied with the ITO electrode set
to an anode and the lithium fluoride/aluminum electrode set
to a cathode, and a current of about 1.9 mA/cm? passed to
obtain emission of blue color having emission efficiency of 4
um/W and wavelength of 469 nm. Further, the half lifetime of
the device was 350 hours at an initial luminance of 1850
cd/m® when it was driven at a constant current of 50 mA/cm?>.

Example 9

[0119] An organic EL device was obtained by a method
corresponding to Example 8, except that 3,10-bis(2,6-dim-
ethylphenyl)perylene used for the dopant in Example 8 was
changed to N,N,N'N'-tetra(4-biphenylyl)-4,4'-diaminostil-
bene. A DC voltage of about 4.5V was applied with the ITO
electrode set to an anode and the lithium fluoride/aluminum
electrode set to a cathode, and a current of about 1.3 mA/cm?
passed to obtain emission of blue color having emission effi-
ciency of 5.3 um/W and wavelength of 480 nm. Further, the
half lifetime of the device was 300 hours at an initial lumi-
nance of 3100 cd/m? when it was driven at a constant current
of 50 mA/cm?.

Example 10

[0120] An organic EL device was obtained by a method
corresponding to Example 9, except that the compound
(1-412) used in Example 9 was changed to the compound
(1-422). A DC voltage of about 4.7 V was applied with the
ITO electrode set to an anode and the lithium fluoride/alumi-
num electrode set to a cathode, and a current of about 1.7
mA/cm?® passed to obtain emission of blue color having emis-
sion efficiency of 5.0 um/W and wavelength of 479 nm.
Further, the half lifetime of the device was 280 hours at an
initial luminance of 3000 cd/m* when it was driven at a
constant current of 50 mA/cm?.

Example 11

[0121] An organic EL device was obtained by a method
corresponding to Example 8, except that ALQ used for the
electron transport layer in Example 8 was changed to
PyPySPyPy. A DC voltage of about 3 V was applied with the
ITO electrode set to an anode and the lithium fluoride/alumi-
num electrode set to a cathode, and a current of about 1
mA/cm? passed to obtain emission of blue color having emis-
sion efficiency of 6 um/W and wavelength of 468 nm. Further,
the half lifetime of the device was 250 hours at an initial
luminance of 2600 cd/m? when it was driven at a constant
current of 50 mA/cm?>.

Example 12

[0122] A glass substrate (manufactured by Tokyo Sanyo
Vacuum Co., Ltd.) of 26 mmx28 mmx0.7 mm on which ITO
was deposited in a thickness of 150 nm was used for a trans-
parent supporting substrate. This transparent supporting sub-
strate was fixed on a substrate holder of a commercial vacuum
deposition apparatus (manufactured by ULVAC KIKO, Inc.),
and installed therein were a molybdenum-made boat source
for deposition containing copper phthalocyanine, a molybde-
num-made boat source for deposition containing NPD, a
molybdenum-made boat source for deposition containing
9-(2-naphthyl)-10-(3,5-diphenylphenyl)anthracene, a
molybdenum-made boat source for deposition containing the
compound (1-412), a molybdenum-made boat source for
deposition containing ALQ, a molybdenum-made boat
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source for deposition containing lithium fluoride and a tung-
sten-made boat source for deposition containing aluminum.
A pressure of the vacuum chamber was reduced down to
1x1073 Pa, and the boat source for deposition containing
copper phthalocyanine was heated to deposit copper phtha-
locyanine so that a film thickness of 20 nm was obtained to
thereby form a hole injection layer. Then, the boat source for
deposition containing NDP was heated to deposit NDP so that
a film thickness of 30 nm was obtained to thereby form a hole
transport layer. Next, the molybdenum-made boat source for
deposition containing 9-(2-naphthyl)-10-(3,5-diphenylphe-
nyl)anthracene and the molybdenum-made boat source for
deposition containing the compound (1-412) were heated to
codeposit both compounds so that a film thickness of 35 nm
was obtained to thereby form an emission layer. In this case,
a doping concentration of the compound (1-412) was about
1% by weight. Then, the boat source for deposition contain-
ing ALQ was heated to deposit ALQ so that a film thickness
of 15 nm was obtained to thereby form an electron transport
layer. The above deposit rates were 0.1 to 0.2 nm/second.
Thereafter, the boat source for deposition containing lithium
fluoride was heated to deposit lithium fluoride at a deposit rate
01'0.003 to 0.01 nm/second so that a film thickness of 0.5 nm
was obtained, and then the boat source for deposition con-
taining aluminum was heated to deposit aluminum at a
deposit rate of 0.2 to 0.5 nm/second so that a film thickness of
100 nm was obtained, whereby an organic EL device was
obtained. A DC voltage of about 4.7 V was applied with the
ITO electrode set to an anode and the lithium fluoride/alumi-
num electrode set to a cathode, and a current of about 3.9
mA/cm? passed to obtain emission of blue color having emis-
sion efficiency of 3 um/W and wavelength of 435 nm. Further,
the half lifetime of the device was 210 hours at an initial
luminance of 1300 cd/m* when it was driven at a constant
current of 50 mA/cm?.

INDUSTRIAL APPLICABILITY

[0123] The emission material of the present invention is
excellent in emission of blue color. Use of this emission
material makes it possible to obtain an organic EL device
having high emission efficiency, low drive voltage, excellent
heat resistance and long life. A display unit having high
performance such as display of full color can be prepared by
using the organic EL device of the present invention.

1. An emission material represented by the following For-
mula (1):

@®

R3 R*

R! Ar! R®

wherein R” to R” are independently hydrogen, alkyl having
1 to 24 carbon atoms or cycloalkyl having 3 to 24 carbon
atoms; optional —CH,— in the above alkyl having 1 to
24 carbon atoms may be replaced by —O—, and
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optional —CH,— other than —CH,— directly bonded
to the anthracene ring may be replaced by arylene having
6 to 24 carbon atoms;

optional hydrogens in the above cycloalkyl having 3 to 24
carbon atoms may be replaced by alkyl having 1 to 24
carbon atoms or aryl having 6 to 50 carbon atoms;

Ar' is one selected from the group consisting of non-con-
densed aryl having 6 to 50 carbon atoms, 2-naphthyl,
9-phenanthryl, 6-chrysenyl, 2-triphenylenyl, 2-fluore-
nyl, 9-carbazolyl, 2-thienyl and 2-benzothienyl;

optional hydrogens in the above groups may be replaced by
alkyl having 1 to 24 carbon atoms, cycloalkyl having 3 to
12 carbon atoms, aryl having 6 to 24 carbon atoms or
heteroaryl; optional —CH,— in the above alkyl having
1 to 24 carbon atoms may be replaced by —O—, and
optional —CH,— other than —CH,— directly bonded
to the above groups may be replaced by arylene having
6 to 24 carbon atoms; optional hydrogens in the above
cycloalkyl having 3 to 24 carbon atoms may be replaced
by alkyl having 1 to 24 carbon atoms or aryl having 6 to
24 carbon atoms; optional hydrogens in the above aryl
having 6 to 24 carbon atoms may be replaced by alkyl
having 1 to 12 carbon atoms, cycloalkyl having 3 to 12
carbon atoms or aryl having 6 to 24 carbon atoms, and
optional hydrogens in the above heteroaryl may be
replaced by alkyl having 1 to 12 carbon atoms,
cycloalkyl having 3 to 12 carbon atoms or aryl having 6
to 24 carbon atoms; and

Ar” and Ar® are independently non-condensed aryl having
6 to 50 carbon atoms, condensed aryl having 10 to 50
carbon atoms or heteroaryl.

2. The emission material as described in claim 1, wherein
R' to R” are independently hydrogen, methyl or tert-butyl,
and Ar' is non-condensed aryl having 6 to 50 carbon atoms.

3. The emission material as described in claim 1, wherein
R! to R” are independently hydrogen, methyl or tert-butyl,
and Ar' is phenyl, biphenylyl, terphenylyl or quaterphenylyl.

4. The emission material as described in claim 1, wherein
R! to R7 are independently hydrogen, methyl or tert-butyl,
and Ar' is 2-naphthyl, 9-phenanthryl, 6-chrysenyl, 2-triph-
enylenyl, 2-fluorenyl, 9-carbazolyl, 2-thienyl or 2-benzothie-
nyl.

5. An emission material represented by the following For-
mula (1):

A R’ A
R3 I I I R*
RZ RS
R! Arl RS

wherein R to R” are independently hydrogen, methyl or
tert-butyl, and Ar' is non-condensed aryl represented by
Formula (2);

Ar® and Ar® are independently phenyl, 4-tert-butylphenyl,
4-(9-carbazolyl)phenyl, 2-biphenylyl, 3-biphenylyl,
4-biphenylyl, m-terphenyl-5'-yl, 3,5-di(2-naphthyl)
phenyl, p-quaterphenyl-3'-yl, m-quaterphenyl-3-yl,
o-quaterphenyl-2-yl, 1-naphthyl, 4-phenyl-1-naphthyl,
4-(9-carbazolyl)-1-naphthyl, 2-naphthyl, 6-(m-terphe-
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nyl-5'-yl)-2-naphthyl, 6-(2-naphthyl)-2-naphthyl,

9-phenanthryl, 2-benzothienyl or 3-phenyl-2-ben-
zothienyl;
@
RIZ R13
X, —
s

\

Rl6

/

RIS

|

wherein n is an integer of 0 to §;

R®to R'® are independently hydrogen, alkyl having 1 to 24
carbon atoms, cycloalkyl having 3 to 24 carbon atoms,
aryl having 6 to 24 carbon atoms or heteroaryl; optional
—CH,— in the above alkyl having 1 to 24 carbon atoms
may be replaced by —O—, and optional —CH ,— other
than —CH,— directly bonded to the benzene ring may
be replaced by arylene having 6 to 24 carbon atoms;
optional hydrogens in the above cycloalkyl having 3 to
24 carbon atoms may be replaced by alkyl having 1 to 24
carbon atoms or aryl having 6 to 24 carbon atoms;
optional hydrogens in the above aryl having 6 to 24
carbon atoms may be replaced by alkyl having 1 to 24
carbon atoms, cycloalkyl having 3 to 24 carbon atoms or
aryl having 6 to 24 carbon atoms; and optional hydro-
gens in the above heteroaryl may be replaced by alkyl
having 1 to 12 carbon atoms, cycloalkyl having 3 to 12
carbon atoms or aryl having 6 to 24 carbon atoms.

6. The emission material as described in claim 5, wherein
Ar' is phenyl, biphenylyl, terphenylyl or quaterphenylyl in
which optional hydrogens may be replaced by methyl, tert-
butyl, phenyl, 2-naphthyl, 1-naphthyl, 2-benzothienyl, 3-phe-
nyl-2-benzothienyl or 9-carbazolyl.

7. The emission material as described in claim 5, wherein
Ar' is phenyl, 2-biphenylyl, 3-biphenylyl, 4-biphenylyl,
m-terphenyl-5'-yl, m-quaterphenyl-3-yl or o-quaterphenyl-3-
yl in which optional hydrogens may be replaced by methyl,
tert-butyl, phenyl, 2-naphthyl, 1-naphthyl, 2-benzothienyl,
3-phenyl-2-benzothienyl or 9-carbazolyl.

8. An emission material represented by the following For-
mula (1):

RIi0

7%,

Ar? R’ A
R3 l l I R*
RZ RS
R! Ar! RS

wherein R' to R” are independently hydrogen, methyl or
tert-butyl;

Ar' is 2-naphthyl, 9-phenanthryl, 6-chrysenyl, 2-triph-
enylenyl, 2-fluorenyl, 9-carbazolyl, 2-thienyl or 2-ben-
zothienyl in which optional hydrogens may be replaced
by methyl, tert-butyl, phenyl, m-terphenyl-5'-yl,
2-naphthyl, 1-naphthyl, 2-benzothienyl, 3-phenyl-2-
benzothienyl or 9-carbazolyl; and
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Ar® and Ar® are independently phenyl, 4-tert-butylphenyl,
4-(9-carbazolyl)phenyl, 2-biphenylyl, 3-biphenylyl,
4-biphenylyl, m-terphenyl-5'-yl, 3,5-di(2-naphthyl)
phenyl, p-quaterphenyl-3'-yl, m-quaterphenyl-3-yl,
o-quaterphenyl-2-yl, 1-naphthyl, 4-phenyl-1-naphthyl,
4-(9-carbazolyl)-1-naphthyl, 2-naphthyl, 6-(m-terphe-
nyl-5'-yl)-2-naphthyl, 6-(2-naphthyl)-2-naphthyl,
9-phenanthryl, 2-benzothienyl or 3-phenyl-2-ben-
zothienyl.

9. The emission material as described in claim 5, wherein
Ar! is one selected from phenyl, 4-tert-butylphenyl and 4-(9-
carbazolyl)phenyl.

10. The emission material as described in claim 5, wherein
Ar! is one selected from 2-biphenylyl, 3-biphenylyl and 4-bi-
phenylyl.

11. The emission material as described in claim 5, wherein
Ar' is m-terphenyl-5'-yl.

12. The emission material as described in claim 5, wherein
Ar! is 3,5-di(2-naphthyl)phenyl.

13. The emission material as described in claim 5, wherein
Ar' is m-quaterphenyl-3-yl or o-quaterphenyl-3-yl.

14. The emission material as described in claim 8, wherein
Ar! is one selected from 2-naphthyl, 6-(m-terphenyl-5'-y1)-2-
naphthyl, 6-(2-naphthyl)-2-naphthyl and 6-(9-carbazolyl)-2-
naphthyl.

15. The emission material as described in claim 8, wherein
Ar' is 9-phenanthryl.

16. The emission material as described in claim 8, wherein
Ar' is 9-carbazolyl.

17. The emission material as described in claim 8, wherein
Ar! is 2-benzothienyl or 3-phenyl-2-benzothienyl.

18. The emission material as described in any of claims 9 to
17, wherein R' to R® are hydrogens; R” is hydrogen or methyl;
and Ar* and Ar® are one selected from phenyl, 4-tert-bu-
tylphenyl and 4-(9-carbazolyl)phenyl.
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19. The emission material as described in any of claims 9 to
17, whereinR* to R® are hydrogens; R” is hydrogen or methyl;
and Ar® and Ar® are one selected from 2-biphenylyl, 3-biphe-
nylyl and 4-biphenylyl.

20. The emission material as described in any of claims 9 to
17, wherein R* to R® are hydrogens; R” is hydrogen or methyl;
and Ar” and Ar® are m-terphenyl-5'-yl.

21. The emission material as described in any of claims 9 to
17, wherein R* to R® are hydrogens; R” is hydrogen or methyl;
and Ar* and Ar® are 3,5-di(2-naphthyl)phenyl.

22. The emission material as described in any of claims 9 to
17, wherein R* to R® are hydrogens; R” is hydrogen or methyl;
and Ar® and Ar® are one selected from p-quaterphenyl-3'-yl,
m-quaterphenyl-3-yl and o-quaterphenyl-2-yl.

23. The emission material as described in any of claims 9 to
17, wherein R* to R® are hydrogens; R” is hydrogen or methyl;
and Ar* and Ar® are one selected from 1-naphthyl, 4-phenyl-
1-naphthyl and 4-(9-carbazolyl)-1-naphthyl.

24. The emission material as described in any of claims 9 to
17, wherein R* to R® are hydrogens; R” is hydrogen or methyl;
and Ar* and Ar’ are one selected from 2-naphthyl, 6-(m-
terphenyl-5'-y1)-2-naphthyl and 6-(2-naphthyl)-2-naphthyl.

25. The emission material as described in any of claims 9 to
17, wherein R' to RS are hydrogens; R” is hydrogen or methyl;
and Ar* and Ar” are 9-phenanthryl.

26. The emission material as described in any of claims 9 to
17, wherein R* to R® are hydrogens; R” is hydrogen or methyl;
and Ar” and Ar® are 2-benzothienyl or 3-phenyl-2-benzothie-
nyl.

27. An organic electroluminescent device comprising a
substrate and provided thereon at least a hole transport layer,
an emission layer and an electron transport layer which are
sandwiched between an anode and a cathode, wherein the
above emission layer comprises the emission material as
described in any of claims 1 to 17.
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