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CHARGE TRANSPORT MATERIAL, HOST
MATERIAL, THIN FILM AND ORGANIC
LIGHT EMITTING ELEMENT

TECHNICAL FIELD

[0001] The present invention relates to a compound that is
useful as a charge transporting material and a host material,
and a thin film and an organic light emitting device that are
produced by using the same.

BACKGROUND ART

[0002] An organic light emitting device, such as an organic
electroluminescent device (organic EL device), has been
actively studied for enhancing the light emission efficiency
thereof. In particular, various studies for enhancing the light
emitting efficiency have been made by newly developing and
combining an electron transporting material, a hole transport-
ing material, a light emitting material, a host material and the
like constituting an organic electroluminescent device.
Among these, there are studies relating to an organic light
emitting device utilizing a compound containing a cyclot-
riphosphazene ring.

[0003] Forexample, Non-patent Document 1 describes that
the compound represented by the following general formula
is useful as a host material of a blue phosphorescent light
emitting material. Non-patent Document 1 specifically
describes a compound containing a cyclotriphosphazene ring
having a 3,5-dimethylphenyl group bonded thereto, a com-
pound containing a cyclotriphosphazene ring having a
4-methoxyphenyl group bonded thereto, and a compound
containing a cyclotriphosphazene ring having an unsubsti-
tuted phenyl group bonded thereto. Non-patent Document 1
describes that the compounds have a decomposition tempera-
ture of from 280 to 330° C. and a T1 level (i.e., a lowest
excitation triplet energy level) exceeding 3.0 eV.
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[0004] Patent Document 1 describes that the compound
represented by the following general formula is useful as a
host material of a phosphorescent light emitting material and
a fluorescent light emitting material. In the following general
formula, Y represents an aryl group. a heteroaryl group, a
carbazolyl group or an azacarbazolyl group, which is bonded
to the phosphorus atom of the cyclotriphosphazene ring
through a carbon atoms. Patent Document 1 specifically
describes the compounds, in which'Y represents a 4-(carba-
701-9-yl)phenyl group and an N-methylcarbazol-3-y1 group,
and the like. However, such a compound is not described that
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the group is bonded to the phosphorus atom of the cyclotriph-
osphazene ring through a nitrogen atom.
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[0005] As fora compound having a group that is bonded to
the phosphorus atom of the cyclotriphosphazene ring through
a nitrogen atom, one compound is described in Non-patent
Document 2. Non-patent Document 2 studies light emission
characteristics of the compound represented by the aforemen-
tioned general formula, in whichY represents a carbazol-9-yl
group. However, Non-patent Document 2 does not describe
the usefulness of the compound as a charge transporting
material and a host material.

CITATION LIST

Non-Patent Documents

[0006] Non-patent Document 1: Pamela Schrogel et al.,
Chem. Mater., 2011, 23 (22), 4947-4953

[0007] Non-patent Document 2: Yu. T. Kononenko et al.,
Journal of Molecular Liquids, 127 (2006), 118-120

Patent Document

[0008] Patent Document 1: JP-T-2011-525047
SUMMARY OF INVENTION
Technical Problem
[0009] As described above, the use of a compound having a

cyclotriphosphazene ring in a light emitting device has been
proposed. The compounds described in Non-patent Docu-
ment 1 and Patent Document 1 have a high T1 level, but may
not be said to have sufficiently high in thermal stability and
light emission efficiency. Insufficient thermal stability may
provide problems that the process for producing an organic
light emitting device is restricted, and an intended device
cannot be provided. Furthermore, in the case where the light
emission efficiency cannot be sufficiently enhanced, the util-
ity value of the compounds as a charge transporting material
and a host material may be significantly impaired. In consid-
eration of these problems in the related art, the present inven-
tors have made earnest investigations for achieving, as an
object, the improvement of the thermal stability and the light
emission efficiency of the compound having a cyclotriphos-
phazene ring.

Solution to Problem

[0010] As a result of earnest investigations for achieving
the object, the inventors have found that a compound having
aparticular structure has ahigh T1 level and excellent thermal
stability, and also is useful as a charge transporting material.
The inventors also have found that the compound is useful
particularly as a host material of a blue light emitting mate-
rial, and is capable of largely enhancing the light emission
efficiency and the luminance of the organic light emitting
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device. Based on the knowledge, the inventors finally provide
the following inventions as a measure for solving the prob-
lem.

[0011] (1) A charge transporting material containing a
compound represented by the following general formula (1):

General Formula (1)

wherein in the general formula (1), R* to R® each indepen-
dently represent a group represented by the following general
formula (2):

General Formula (2)

R7
R! \N—
R12 RIS
Rl3 Rl4

wherein in the general formula (2), R” represents a substituted
or unsubstituted aryl group or a substituted or unsubstituted
aralkyl group; and R** to R** each independently represent a
hydrogen atom or a substituent, and R” and R*!, R** and R*2,
R'? and R'?, R!? and R™, and R'* and R'® each may be
bonded to each other to form a cyclic structure.

[0012] (2) The charge transporting material according to
the item (1), wherein in the general formula (1), all R* to RS
are the same as each other.

[0013] (3) The charge transporting material according to
theitem (1) or (2), wherein in the general formula (1),R" to RS
each represent a group represented by one of the following
general formulae (3) to (7):

General Formula (3)

R23 RZZ
R R21
e
R R30
R R2?
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-continued

General Formula (4)
R3 3 R3l

R34 R3l

7,
6

R3 6 R3 7
General Formula (5)
R43 R4l

%
j;i(
=

R45 R48

2

R46 R47
General Formula (6)
2

R53 RS
RGZ Rﬁl R54 AQ RSI
RS3 N N—
R64 R65 RSS 4@7 RSS
R56 RS

7

General Formula (7)

R77 R78

wherein in the general formulae (3) to (7), R*! to R** R*! 10
R* R*'toR*® R toR%, and R to R” each independently
represent a hydrogen atom or a substituent, and R*' and R*?,
R>?and R**, R* and R**, R** and R**, R* and R?*®, R*® and
R?, R and R?, R and R?, R?? and R*°, R and R2, R*2
and R*?, R** and R**, R*® and R*®, R*® and R*?, R*” and R?®,
R* and R*?, R*? and R*, R* and R**, R*® and R*®, R*® and
R¥, R* and R*, R*' and R¥, R>2 and R¥, R3 and R*, R
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and R*S, R*® and R*7, R>” and R*®, R® and R**, R%? and R®,
R% and R%, R%* and R%, R3*and R%, R>® and R%, R”* and
R72,R?andR”>,R”>andR™,R7* and R”>,R”® and R"’, R”’
andR"® and R”® and R each may be bonded to each other to
form a cyclic structure.

[0014] (4) The charge transporting material according to
the item (3), wherein in the general formula (1), R to R® each
represent a group represented by the general formula (3).
[0015] (5) The charge transporting material according to
the item (3) or (4), wherein in the general formula (1), R* to R®
each represent a group represented by the following general
formula (8):

General Formula (8)

R28 R29

wherein in the general formula (8), R** to R**, and R*” 1o R*°
each independently represent a hydrogen atom or a substitu-
ent, and R** and R*%, R*? and R**, R** and R**, R*” and R*,
R?® and R*, and R* and R*° each may be bonded to each
other to form a cyclic structure.

[0016] (6) The charge transporting material according to
the item (5), wherein the charge transporting material con-
tains a compound having the following structure:

s
/N[ N

()

N

M

QO

oy

wherein in the structure, any hydrogen atom may be substi-
tuted by a substituent.

[0017] (7) A host material containing the charge transport-
ing material according to any one of the items (1) to (6).
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[0018] (8) The host material according to the item (7),
wherein the host material is for a blue light emitting material.
[0019] (9) A thin film containing the host material accord-
ing to the item (7), and a light emitting material.

[0020] (10)The thin film according to the item (9), wherein
the light emitting material is a blue light emitting material.
[0021] (11)An organic light emitting device containing the
charge transporting material according to any one of the items
(1) to (6).

[0022] (12) The organic light emitting device according to
theitem (11), wherein the charge transporting material is used
in a light emitting layer as a host material.

[0023] (13) The organic light emitting device according to
the item (11) or (12), wherein the organic light emitting
material emits phosphorescent light.

[0024] (14) The organic light emitting device according to
the item (11) or (12), wherein the organic light emitting
material emits delayed fluorescent light.

[0025] (15) The organic light emitting device according to
any one of the items (11) to (14), wherein the organic light
emitting device is an organic electroluminescent device.

Advantageous Effects of Invention

[0026] The compound represented by the general formula
(1) is useful as a charge transporting material. The compound
is also useful as a host material in the case where a light
emitting material is used as a dopant. The use of the host
material of the invention may provide an organic light emit-
ting device that has a high light emission efficiency and a large
maximum luminance.

BRIEF DESCRIPTION OF DRAWINGS

[0027] FIG. 1 is a schematic cross sectional view showing
an example of a layer structure of an organic electrolumines-
cent device.

[0028] FIG. 2 is the light emission spectrum of the organic
photoluminescent device of Example 1.

[0029] FIG. 3 is the light emission spectra of the organic
electroluminescent devices of Example 2 and Comparative
Example 1.

[0030] FIG. 4 is a graph showing the electric current den-
sity-voltage-luminance characteristics of the organic elec-
troluminescent devices of Example 2 and Comparative
Example 1.

[0031] FIG. 5is a graph showing the electric current den-
sity-external quantum efficiency characteristics of the
organic electroluminescent devices of Example 2 and Com-
parative Example 1.

[0032] FIG. 6 is a graph showing the electric current den-
sity-voltage-luminance characteristics of the organic elec-
troluminescent devices of Example 2 and Comparative
Example 2.

[0033] FIG. 7 is a graph showing the electric current den-
sity-external quantum efficiency characteristics of the
organic electroluminescent devices of Example 2 and Com-
parative Example 2.

[0034] FIG. 8 is the light emission spectra of the organic
electroluminescent devices of Example 3 and Comiparative
Example 3.

[0035] FIG. 9 is a graph showing the electric current den-
sity-voltage-luminance characteristics of the organic elec-
troluminescent devices of Example 3 and Comparative
Example 3.
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[0036] FIG. 10 is a graph showing the electric current den-
sity-external quantum efficiency characteristics of the
organic electroluminescent devices of Example 3 and Com-
parative Example 3.

DESCRIPTION OF EMBODIMENTS

[0037] The contents of the invention will be described in
detail below. The constitutional elements may be described
below with reference to representative embodiments and spe-
cific examples of the invention, but the invention is not limited
to the embodiments and the examples. In the description, a
numerical range expressed with reference to an upper limit
and/or a lower limit means a range that includes the upper
limit and/or the lower limit. In the invention, the hydrogen
atom that is present in the compound used in the invention is
not particularly limited in isotope species, and for example,
all the hydrogen atoms in the molecule may be 'H, and all or
a part of them may be *H (deuterium (D)).

Compound Represented by General Formula (1)

[0038] The charge transporting material of the invention
contains a compound represented by the following general
formula (1).

General Formula (1)

[0039] In the general formula (1), R* to R® each indepen-
dently represent a group represented by the following general
formula (2).

General Formula (2)

R7
Rl 1 \N_
RIZ RIS
Rl3 Rl4

[0040] In the general formula (2), R7 represents a substi-
tuted or unsubstituted aryl group or a substituted or unsubsti-
tuted aralkyl group.

[0041] The aromatic ring constituting the aryl group
referred herein may be a monocyclic ring or a condensed ring,
and specific examples thereof include a benzene ring, a naph-
thalene ring, an anthracene ring and a phenanthrene ring. The
aryl group preferably has from 6 to 40 carbon atoms, more
preferably from 6 to 20 carbon atoms, and further preferably
from 6 to 14 carbon atoms. Specific examples of the aryl
group include a phenyl group, a 1-naphthyl group, a 2-naph-
thyl group, a 1-anthracenyl group, a 2-anthracenyl group and
a 9-anthracenyl group.

[0042] The aralkyl group referred herein means an alkyl
group having at least one aryl group substituted thereon, and
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the alkyl moiety may be linear or branched. The alkyl moiety
preferably has from 1 to 20 carbon atoms, more preferably
from 1 to 10 carbon atoms, and further preferably from 1to 5
carbon atoms. The aromatic ring constituting the aryl moiety
may be a monocyclic ring or a condensed ring. For the spe-
cific examples and the preferred number of carbon atoms
thereof, reference may be made to the aforementioned spe-
cific examples and the preferred ranges for the aryl group. The
aryl group constituting the aralkyl group preferably bonded to
the 1-position of the alkyl group. In the case where the aralkyl
group has two or more constitutional aryl groups, the aryl
groups may be the same as or different from each other.
Specific examples of the aralkyl group include a phenylm-
ethyl group, a 1-phenylethyl group, a 1-phenylpropyl group,
a 1-phenylbutyl group, a 1-phenylpentyl group, a 1-phenyl-
hexyl group, a naphthalen-1-ylmethyl group, a 1-(naphtha-
len-1-yljethyl group, a napthalen-2-ylmethyl group and a
1-(naphthalen-2-yl)ethyl group.

[0043] In the general formula (2), R” and R'' may be
bonded to each other to form a cyclic structure. The cyclic
structure formed is preferably a 5-membered to 7-membered
ring, and more preferably a 5-membered or 6-membered ring.
The atoms constituting the ring skeleton thus formed may or
may not contain a hetero atom other than the nitrogen atom
bonded to R” and R''. In the case where a hetero atom is
contained, examples of the hetero atom contained include a
nitrogen atom, a sulfur atom and an oxygen atom. Preferred
examples of the cyclic structure include a 1,4-oxazine ring, a
1,4-thiazine ring, a pyrazine ring and a pyrrole ring. In the
case where a pyrazine ring is formed, to the nitrogen atom at
the 4-position thereof, a substituted or unsubstituted alkyl
group or a substituted or unsubstituted aryl group is prefer-
ably bonded, a substituted or unsubstituted aryl group is more
preferably bonded, and a substituted or unsubstituted phenyl
group is further preferably bonded.

[0044] In the general formula (2), R'! to R*® each indepen-
dently represent a hydrogen atom or a substituent. The num-
ber of the substituent is not particularly limited, and all R** to
R'* may be unsubstituted (i.e., hydrogen atoms). In the case
where two or more of R™ to R'® each are a substituent, the
plural substituents may be the same as or different from each
other. Examples of the substituent capable of being repre-
sented by R'! to R'® and examples of the substituent capable
of being represented by R, which represents the aryl group or
the aralkyl group, include a hydroxyl group, a halogen atom,
a cyano group, an alkyl group having from 1 to 20 carbon
atoms, an alkoxy group having from 1 to 20 carbon atoms, an
alkylthio group having from 1 to 20 carbon atoms, an alkyl-
substituted amino group having from 1 to 20 carbon atoms, an
acyl group having from 2 to 20 carbon atoms, an aryl group
having from 6 to 40 carbon atoms, a heteroaryl group having
from 3 to 40 carbon atoms, an alkenyl group having from 2 to
10 carbon atoms, an alkynyl group having from 2 to 10 carbon
atoms, an alkoxycarbony! group having from 2 to 10 carbon
atoms, an alkylsulfonyl group having from 1 to 10 carbon
atoms, a haloalkyl group having from 1 to 10 carbon atoms, an
amide group, an alkylamide group having from 2 to 10 carbon
atoms, a trialkylsilyl group having from 3 to 20 carbon atoms,
a trialkylsilylalkyl group having from 4 to 20 carbon atoms, a
trialkylsilylalkenyl group having from 5 to 20 carbon atoms,
atrialkylsilylalkynyl group having from 5 to 20 carbon atoms,
and a nitro group. In these specific examples, the substituent
that is capable of being further substituted with a substituent
may be substituted. More preferred examples of the substitu-
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ents include a halogen atom, a cyano group, a substituted or
unsubstituted alkyl group having from 1 to 20 carbon atoms,
an alkoxy group having from 1 to 20 carbon atoms, a substi-
tuted or unsubstituted aryl group having from 6 to 40 carbon
atoms, a substituted or unsubstituted heteroaryl group having
from 3 to 40 carbon atoms and a dialkyl-substituted amino
group having from 1 to 10 carbon atoms. Further preferred
examples of the substituent include a fluorine atom, a chlorine
atom, a cyano group, a substituted or unsubstituted alkyl
group having from 1 to 10 carbon atoms, a substituted or
unsubstituted alkoxy group having from 1 to 10 carbon
atoms, a substituted or unsubstituted aryl group having from
6 to 15 carbon atoms and a substituted or unsubstituted het-
eroaryl group having from 3 to 12 carbon atoms.

[0045] Inthe general formula (2),R** and R*?, R*2and R,
R*® and R, and R'* and R'® each may be bonded to each
other to form a cyclic structure. The cyclic structure may be
an aromatic ring or an aliphatic ring, and may contain a hetero
atom, and the cyclic structure may be a condensed ring con-
taining two or more rings. The hetero atom herein is prefer-
ably one selected from the group consisting of a nitrogen
atom, an oxygen atom and a sulfur atom. Examples of the
cyclic structure formed include a benzene ring, a naphthalene
ring, a pyridine ring, a pyridazine ring, a pyrimidine ring, a
pyrazine ring, a pyrrole ring, an imidazole ring, a pyrazole
ring, a triazole ring, an imidazoline ring, an oxazole ring, an
isoxazole ring, a thiazole ring, an isothiazole ring, a cyclo-
hexadiene ring, a cyclohexene ring, a cyclopentene ring, a
cycloheptatriene ring, a cycloheptadiene ring and a cyclohep-
tene ring.

[0046] In the general formula (1), all R to R® may be the
same as each other or different from each other. A part of them
may be the same as each other. Examples of the case include
the case where R* and R? are the same as each other, R and R*
are the same as each other, and R® and R are the same as each
other, and the case where R', R* and R® are the samie as each
other, and R%, R* and R® are the same as each other. The
compound having R" to R® that are all the same as each other
has an advantage that the compound may be easily synthe-
sized.

[0047] Inthe general formula (1), R* to R® each preferably
represent a group represented by one of the following general
formulae (3) to (7):

General Formula (3)

R23 R
R4 R2!
I
R27 R3 0
R?.S R29
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-continued

General Formula (4)
R3 3 R3l

R34 R3l

o

R38

7,

R3 6 R3 7
General Formula (5)
R43 R4l

R41

=
j;i(

R45 R48

2

R46 R47
General Formula (6)
2

R53 RS
RGZ Rﬁl R54 AQ RSI
RS3 N N—
R64 R65 RSS 4@7 RSS
R56 RS

7

General Formula (7)

R76 4@7 R79

R77 R78

[0048] In the general formulae (3) to (7), R*! to R**, R* 10
R* R*'toR*® R toR%, and R to R” each independently
represent a hydrogen atom or a substituent. For the descrip-
tion and the preferred ranges of the substituent herein, refer-
ence may be made to the description and the preferred ranges
for the substituent capable of being represented by R'' to R™.
In the general formulae (3) to (7), the number of the substitu-
ent is not particularly limited. The case where all of them are
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unsubstituted (i.e., hydrogen atoms) is also preferred. In the
case where two or more substituents are present in each of the
general formula (3) to (7), the plural substituents may be the
same as or different from each other. In the case where a
substituent is present in the general formulae (3) to (7), the
substituent is preferably any of R** to R** and R*” to R** for
the general formula (3), any of R** to R’ for the general
formula (4), any of R** to R*” for the general formula (5), any
of R*%, R*, R>¢, R*” and R to R%* for the general formula
(6),and any of R”*to R™,R”” and R”® for the general formula
™.

[0049] In the general formulae (3) to (7), R*' and R**, R**
andR??,R*? and R**, R** and R*’, R* and R?5, R*®and R?’,
R?” and R**, R*® and R*’, R** and R*°, R*' and R**, R*? and
R*,R** and R*, R**> and R**,R*° and R*’, R*” and R*®, R*
and R*?, R*? and R*, R*? and R*, R* and R*, R* and R*’,
R*” and R*®, R* and R**, R>?and R*3, R** and R>*, R and
R?%, R*%and R>’, R>” and R**,R% and R, R and R, R®
andR%*, R%* and R%®, R>* and R%', R> and R%®, R”* and R7,
R”?andR™,R” and R”*,R"*and R”>, R"® and R”",R"’ and
R”% and R”® and R” each may be bonded to each other to
forma cyclic structure. For the description and the preferred
examples of the cyclic structure, reference may be made to the
description and the preferred examples for the cyclic structure
formed by bonding R'" and R'?, and the like in the general
formula (2).

[0050] In the general formula (1), all R! to RS preferably
represent a group represented by one of the general formulae
(3) to (7). Preferred examples of the case include the case
whereall R" to R® preferably represent a group represented by
the general formula (3). In this case, R* to R® may be the same
groups or different groups.

[0051] Inthe general formula (1), R' to R® each preferably
represent a group represented by the following general for-
mula (8). The general fornula (8) has a structure in which R*
and R*° in the general formula (3) are bonded to each other
through a single bond:

General Formula (8)

[0052] Inthe general formula (8),R*! to R**, and R*” toR*°
each independently represent a hydrogen atom or a substitu-
ent. R** and R*%, R*? and R**, R*® and R**, R*” and R*, R**
and R*?,and R* and R*° each may be bonded to each other to
form a cyclic structure. For the description of the substituent
and the description for the cyclic structure, reference may be
made to the corresponding descriptions for the general for-
mulae (2) and (3).
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[0053] Preferred examples of the compound represented by
the general formula (1) include a compound having the fol-
lowing structure. In the structure, any hydrogen atom may be
substituted by a substituent. For the description and the pre-
ferred ranges of the substituent, reference may be made to the
corresponding descriptions for the general formulae (2) and

3).

N

; \PK
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N

[0054] Specific examples of the compound represented by
the general formula (1) are shown below. However, the com-
pound represented by the general formula (1) capable of
being used in the invention is not construed as being limited to
the specific examples.
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-continued
Compound 6

Compound 7

[0055] The molecular weight of the compound represented
by the general formula (1) is preferably 1,500 or less, more
preferably 1,200 or less, further preferably 1,000 or less, and
still further preferably 800 or less, for example, in the case
where an organic layer containing the compound represented
by the general formula (1) is intended to be formed as a film
by a vapor deposition method and used. The lower limit of the
molecular weight is the molecular weight of the smallest
compound represented by the general formula (1).

[0056] The compound represented by the general formula
(1) may be formed into a film by a coating method irrespective
of the molecular weight thereof. The compound that has a
relatively large molecular weight may be formed into a film
by a coating method.
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[0057] As an application of the invention, it may be con-
sidered that a compound that contains plural structures each
represented by the general formula (1) in the molecule is used
as a light emitting material.

[0058] For example, it may be considered that a polymer-
izable group is introduced in advance to the structure repre-
sented by the general formula (1), and a polymer obtained by
polymerizing the polymerizable group is used as a light emit-
ting material. Specifically, it may be considered that a mono-
mer that has a polymerizable functional group at any of R to
RC in the general formula (1) is prepared, and is homopoly-
merized or copolymerized with another monomer to prepare
apolymer containing repeating units, and the polymer is used
as a light emitting material. In alternative, it may be consid-
ered that the compounds represented by the general formula
(1) are coupled to form a dimer or a trimer, and the dimer or
the trimer is used as a light emitting material.

[0059] Examples of the polymer having the repeating unit
containing the structure represented by the general formula
(1) include a polymer containing a structure represented by
the following general formula (9) or (10).

General Formula (9)

]
Ll RlOl
—C—C%—
RIOZ R103
General Formula (10)
Q
| 4
LA
—C=Cyr

R104

[0060] In the general formulae (9) and (10), Q represents a
group containing the structure represented by the general
formula (1), and L' and L* each represent a linking group. The
linking group preferably has from 0to 20 carbon atoms, more
preferably from 1 to 15 carbon atoms, and further preferably
from 2 to 10 carbon atoms. The linking group preferably has
a structure represented by -X'!-L''-, wherein X'! represents
an oxygen atom or a sulfur atom, and preferably an oxygen
atom, and L*! represents a linking group, preferably a substi-
tuted or unsubstituted alkylene group or a substituted or
unsubstituted arylene group, and more preferably a substi-
tuted or unsubstituted alkylene group having from 1 to 10
carbon atoms or a substituted or unsubstituted phenylene
group.

[0061] In the general formulae (9) and (10), R'°!, R'®2,
R'% and R'** each independently represent a substituent,
preferably a substituted or unsubstituted alkyl group having
from 1 to 6 carbon atoms, a substituted or unsubstituted
alkoxy group having from 1 to 6 carbon atoms, or a halogen
atom, more preferably a substituted or unsubstituted alkyl
group having from 1 to 3 carbon atoms, a substituted or
unsubstituted alkoxy group having from 1 to 3 carbon atoms,
a fluorine atom or a chlorine atom, and further preferably an
unsubstituted alkyl group having from 1 to 3 carbon atoms or
an unsubstituted alkoxy group having from 1 to 3 carbon
atoms.
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[0062] The linking group represented by ' and I.> may be
bonded to any of R' to R® in the structure of the general
formula (1) constituting Q, any of R” and R'* to R* in the
structure of the general formula (2), any of R*! to R*° in the
structure of the general formula (3), any of R** to R*® in the
structure of the general formula (4), any of R* to R*® in the
structure of the general formula (5), any of R> to R*® and R®*
to R® in the structure of the general formula (6), or any of R”*
to R”® in the structure of the general formula (7). Two or more
of the linking groups may be boded to one group represented
by Q to form a crosslinked structure or a network structure.

[0063] Specific examples of the structure of the repeating
unit include structures represented by the following formulae
(11) to (14).

Formula (11)

Formula (12)

Formula (13)

Formula (14)

[0064] The polymer having the repeating unit containing
the structure represented by any of the formulae (11) to (14)
may be synthesized in such a manner that a hydroxyl group is
introduced to any of R* to R® in the structure represented by
the general formula (1), and the hydroxyl group as a linker is
reacted with the following compound to introduce a polymer-
izable group thereto, followed by polymerizing the polymer-
izable group.
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[0065] Thepolymer containing the structure represented by
the general formula (1) may be a polymer containing only a
repeating unit having the structure represented by the general
formula (1), or a polymer further containing a repeating umt
having another structure. The repeating unit having the struc-
ture represented by the general formula (1) contained in the
polymer may be only one kind or two or more kinds.
Examples of the repeating unit that does not have the structure
represented by the general formula (1) include a repeating
unit derived from a monomer that is used for ordinary copo-
lymerization. Examples of the repeating unit include a repeat-
ing unit derived from a monomer having an ethylenic unsat-
urated bond, such as ethylene and styrene.

Synthesis Method of Compound Represented by General
Formula (1)

[0066] The compound represented by the general formula
(1) may be synthesized by combining the known synthesis
methods. For example, the compound may be synthesized
through the following reaction scheme.

X X X X
VAN VNS
S RS S T
AN PéN N\I/N
/\ /\
X X X X
[0067] In the aforementioned reaction scheme, R has the

same definition as R' to R® in the general formula (1). The
reaction scheme shows the synthesis method of the com-
pound having R* to R® that are all the same as each other. In
the reaction scheme, X represents a halogen atom, examples
of which include a fluorine atom, a chlorine atom, a bromine
atom and an iodine atom, with a chlorine atom and a bromine
atom being preferred.

[0068] The reaction shown by the reaction scheme is an
application of the known coupling reaction, and the known
reaction conditions may be appropriately selected and used.
For example, the compound may be synthesized by using
NaH in DMF. The compound represented by the general
formula (1) may also be synthesized by combining the other
known synthesis reactions.

Application of Compound Represented by General Formula
M

[0069] The compound represented by the general formula
(1) is useful as a charge transporting material. In particular,
the compound is useful as a host material that assumes the
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combination use with a light emitting material as a dopant. A
thin film containing the compound represented by the general
formula (1) along with a light emitting material may achieve
a high light emission efficiency and a high luminance. The
compound represented by the general formula (1) is prefer-
ably used in combination with a blue light emitting material,
in particular, since a high blue light emission efficiency and a
high luminance may be achieved. For achieving a high blue
light emission efficiency and a high luminance by the com-
bination use with a blue light emitting material, it is said that
the compound necessarily has ahigh T1 level and alarge band
gap. In general, a material that has a high T1 level has a
problem of deteriorated thermal stability. The cyclotriphosp-
hazene compound described in Non-patent Document 1
(Chem. Mater., 2011, 23 (22),4947-4953) has ahigh T1 level,
but may not be said to have sufficiently high in thermal
stability. Although a solution to the problem has not yet been
provided, the compound represented by the general formula
(1) proposed in the invention has excellent characteristics,
1.e., the compound not only has a high T1 level but also has
high thermal stability. The thermal decomposition tempera-
ture of the compound represented by the general formula (1)
is preferably 330° C. or more, more preferably 350° C. or
more, and further preferably 380° C. or more. The thermal
decomposition temperature referred herein means such a
temperature, at which the compound exhibits a weight loss of
5% by weight or more on heating the compound.

[0070] The compound represented by the general formula
(1) has high thermal stability and thus has such advantages as
high applicability to formation of a thin film and a production
process of an organic light emitting device. The compound
represented by the general formula (1) is easily sublimated
due to the relatively low molecular weight thereof, and thus
has high applicability to production of devices. For example,
the hexaphenyleyclotriphosphazene substituted with six car-
bazol-9-yl groups described in Patent Document 1 (JP-A-
2011-525047) is limited in application ranges in the practical
industrial fields due to the inferior sublimation property
thereof, and thus is low in industrial applicability.

[0071] The compound represented by the general formula
(1) not only has the aforementioned characteristics, but also
has such characteristics that a thin film thereof formed with a
light emitting material may achieve a highlight emission effi-
ciency and a high luminance. The compound represented by
the general formula (1) has a sufficiently deep HOMO energy
level. For example, as compared to the hexaphenylcyclotriph-
osphazene substituted with six carbazol-9-yl groups, the
HOMO energy level of the compound represented by the
general formula (1) is apparently deep. Accordingly, the com-
pound represented by the general formula (1) has a relatively
large band gap and thus is significantly effective as a host
material for a blue light emitting material. The band gap of the
compound represented by the general formula (1) is prefer-
ably 3.0 eV or more, more preferably 3.5 ¢V or more, and
further preferably 3.8 eV or more.

[0072] Alight emitting material that may be used in com-
bination with the compound represented by the general for-
mula (1) may be any of a phosphorescent light emitting mate-
rial, a fluorescent light emitting material, and a material that
emits delayed fluorescent light. Among these, the combina-
tion with alight emitting material that emits delayed fluores-
cent light (i.e., a delayed fluorescent material ) may drastically
enhance the light emission efficiency and the luminance. The
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principle of the features may be described as follows for an
organic electroluminescent device as an example.

[0073] Inanorganicelectroluminescent device, carriers are
injected from an anode and a cathode to a light emitting
material to form an excited state for the light emitting mate-
rial, with which light is emitted. In the case of a carrier
injection type organic electroluminescent device, in general,
excitons that are excited to the excited singlet state are 25% of
the total excitons generated, and the remaining 75% thereof
are excited to the excited triplet state. Accordingly, the use of
phosphorescence, which is light emission from the excited
triplet state, provides a high energy use efficiency. However,
the excited triplet state has a long lifetime and thus causes
saturation of the excited state and deactivation of energy
through mutual action with the excitons in the excited triplet
state, and therefore the quantum yield of phosphorescence
may generally be often not high. A delayed fluorescent mate-
rial emits fluorescent light through the mechanism that the
energy of excitons transits to the excited triplet state through
intersystem crossing or the like, and then transits to the
excited singlet state through reverse intersystem crossing due
to triplet-triplet annihilation or absorption of thermal energy.
It is considered that among the materials, a thermal activation
type delayed fluorescent material emitting light through
absorption of thermal energy is particularly useful for an
organic electroluminescent device. In the case where a
delayed fluorescent material is used in an organic electrolu-
minescent device, the excitons in the excited singlet state
normally emit fluorescent light. On the other hand, the exci-
tons in the excited triplet state emit fluorescent light through
intersystem crossing to the excited singlet state by absorbing
the heat generated by the device. At this time, the light emitted
through reverse intersystem crossing from the excited triplet
state to the excited single state has the same wavelength as
fluorescent light since it is light emission from the excited
single state, buthas a longer lifetime (light emission lifetime)
than the normal fluorescent light and phosphorescent light,
and thus the light is observed as fluorescent light that is
delayed from the normal fluorescent light and phosphores-
cent light. The light may be defined as delayed fluorescent
light. The use of the thermal activation type exciton transition
mechanism may raise the proportion of the compound in the
excited single state, which is generally formed in a proportion
only of 25%, to 25% or more through the absorption of the
thermal energy after the carrier injection. A compound that
emits strong fluorescent light and delayed fluorescent light at
a low temperature of lower than 100° C. undergoes the intet-
system crossing from the excited triplet state to the excited
singlet state sufficiently with the heat of the device, thereby
emitting delayed fluorescent light, and thus the use of the
compound may drastically enhance the light emission effi-
ciency.

[0074] The light emitting material that may be used in
combination with the compound represented by the general
formula (1) is preferably a blue light emitting material, but
light emitting materials that emit light of other colors may
also be used in combination. The blue light emitting material
used herein may be compounds having been known in the art.
Examples thereof include coumarin, perylene, pyrene,
anthracene, p-bis(2-phenylethenyl}benzene, and derivatives
of these compounds. Preferred examples of the light emitting
material that may be used in combination with the compound
represented by the general formula (1) include the following
compounds.
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[0075] Theuse of the compound represented by the general
formula (1) of the invention as a charge transporting material
or a host material for a light emitting layer may provide an
excellent organic light emitting device, such as an organic
photoluminescent device (organic PL device) and an organic
electroluminescent device (organic EL device). At this time,
the compound represented by the general formula (1) of the
invention may have a function of assisting light emission of
another light emitting material contained in the light emitting
layer, i.e., as a so-called assist dopant. Specifically, the com-
pound represented by the general formula (1) of the invention
contained in the light emitting layer may have a lowest
excited singlet energy that is between the lowest excited
singlet energy of the host material contained in the light
emitting layer and the lowest excited singlet energy of the
another light emitting material contained in the light emitting
layer.
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[0076] The organic photoluminescent device has a struc-
ture containing a substrate having formed thereon at least a
light emitting layer. The organic electroluminescent device
has a structure containing at least an anode, a cathode and an
organic layer formed between the anode and the cathode. The
organic layer contains at least a light emitting layer, and may
be formed only of a light emitting layer, or may have one or
more organic layer in addition to the light emitting layer.
Examples of the organic layer include a hole transporting
layer, a hole injection layer, an electron barrier layer, a hole
barrier layer, an electron injection layer, an electron transport-
ing layer and an exciton barrier layer. The hole transporting
layer may be a hole injection and transporting layer having a
hole injection function, and the electron transporting layer
may be an electron injection and transporting layer having an
electron injection function. A specific structural example of
an organic electroluminescent device is shown in FIG. 1. In
FIG. 1, the numeral 1 denotes a substrate, 2 denotes an anode,
3 denotes a hole injection layer, 4 denotes a hole transporting
layer, 5 denotes a light emitting layer, 6 denotes an electron
transporting layer, and 7 denotes a cathode.

[0077] Themembersand thelayers of the organic electrolu-
minescent device will be described below. The descriptions
for the substrate and the light emitting layer may also be
applied to the substrate and the light emitting layer of the
organic photoluminescent device.

Substrate

[0078] Theorganic electroluminescent device of the inven-
tion is preferably supported by a substrate. The substrate is
not particularly limited and may be those that have been
commonly used in an organic electroluminescent device, and
examples thereof used include those formed of glass, trans-
parent plastics, quartz and silicon.

Anode

[0079] The anode of the organic electroluminescent device
used is preferably formed of as an electrode material a metal,
an alloy or an electroconductive compound each having a
large work function (4 eV or more), or a mixture thereof.
Specific examples of the electrode material include a metal,
such as Au, and an electroconductive transparent material,
such as Cul, indium tin oxide (ITO), SnO, and ZnO. A mate-
rial that is amorphous and is capable of forming a transparent
electroconductive film, such as IDIXO (In,0;—Zn0), may
also be used. The anode may be formed in such a manner that
the electrode material is formed into a thin film by such a
method as vapor deposition or sputtering, and the film is
patterned into a desired pattern by a photolithography
method, or in the case where the pattern may not require high
accuracy (for example, approximately 100 pm or more), the
pattern may be formed with a mask having a desired shape on
vapor deposition or sputtering of the electrode material. In
alternative, in the case where a material capable of being
applied as a coating, such as an organic electroconductive
compound, is used, a wet film forming method, such as a
printing method and a coating method, may be used. In the
case where emitted light is to be taken out through the anode,
the anode preferably has a transmittance of more than 10%,
and the anode preferably has a sheet resistance of several
hundred ohm per square or less. The thickness thereof may be
generally selected from a range of from 10 to 1,000 nm, and
preferably from 10 to 200 nm, while depending on the mate-
rial used.
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Cathode

[0080] The cathode is preferably formed of as an electrode
material a metal having a small work function (4 eV or less)
(referred to as an electron injection metal), an alloy or an
electroconductive compound each having a small work func-
tion (4 eV or less), or a mixture thereof. Specific examples of
the electrode material include sodium, a sodium-potassium
alloy, magnesium, lithium, a magnesium-cupper mixture, a
magnesium-silver mixture, a magnesium-aluminum mixture,
amagnesium-indium mixture, an aluminum-aluminum oxide
(Al,O,) mixture, indium, a lithium-aluminum mixture, and a
rare earth metal. Among these, a mixture of an electron injec-
tion metal and a second metal that is a stable metal having a
larger work function than the electron injection metal, for
example, a magnesivm-silver mixture, a magnesium-alumi-
num mixture, a magnesium-indium mixture, an aluminum-
aluminum oxide (Al,O5) mixture, a lithium-aluminum mix-
ture, and aluminum, are preferred from the standpoint of the
electron injection property and the durability against oxida-
tion and the like. The cathode may be produced by forming
the electrode material into a thin film by such a method as
vapor deposition or sputtering. The cathode preferably has a
sheet resistance of several hundred ohm per square or less,
and the thickness thereof may be generally selected from a
range of from 10 nm to 5 um, and preferably from 50 to 200
nm. For transmitting the emitted light, any one of the anode
and the cathode of the organic electroluminescent device is
preferably transparent or translucent, thereby enhancing the
light emission luminance.

[0081] Thecathode may be formed with the electroconduc-
tive transparent materials described for the anode, thereby
forming a transparent or translucent cathode, and by applying
the cathode, a device having an anode and a cathode, both of
which have transmittance, may be produced.

Light Emitting Layer

[0082] Thelightemitting layeris alayer, in which holes and
electrons injected from the anode and the cathode, respec-
tively, are recombined to form excitons, and then the layer
emits light. A lightemitting material may be solely used as the
light emitting layer, but the light emitting layer preferably
contains a light emitting material and a host material. The host
material used may be one kind or two or more kinds selected
from the group of compounds represented by the general
formula (1). In order that the organic electroluminescent
device and the organic photoluminescent device of the inven-
tion exhibit a high light emission efficiency, it is important
that the singlet excitons and the triplet excitons generated in
the light emitting material are confined in the light emitting
material. Accordingly, the host material represented by the
general formula (1) is preferably used in addition to a light
emitting material in the light emitting layer. The host material
used may be an organic compound that has excited singlet
energy and excited triplet energy, at least one of which is
higher than those of the light emitting material. As a result, the
singlet excitons and the triplet excitons generated in the light
emitting material are capable of being confined in the mol-
ecules of the light emitting material, thereby eliciting the light
emission efficiency thereof sufficiently. Even though the sin-
glet excitons and the triplet excitons are not confined suffi-
ciently, a high light emission efficiency may be obtained in
some cases, and thus the host material that is capable of
achieving a high light emission efficiency may be used in the
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invention without any particular limitation. In the organic
light emitting device and the organic electroluminescent
device of the invention, the light emission occurs in the light
emitting material contained in the light emitting layer. The
emitted light may be any of phosphorescent light, fluorescent
light and delayed fluorescent light, and may contain plural
kinds thereof. However, a part of the emitted light may con-
tain emitted light from the host material, or the emitted light
may partially contain emitted light from the host material.
[0083] In the case where the host material is used, the
amount of the compound which is the light emitting material
contained in the light emitting layer is preferably 0.1% by
weight or more, and more preferably 1% by weight or more,
and is preferably 50% by weight or less, more preferably 20%
by weight or less, and further preferably 10% by weight or
less.

[0084] The host material in the light emitting layer is pref-
erably an organic compound that has a hole transporting
function and an electron transporting function, prevents the
emitted light from being increased in wavelength, and has a
high glass transition temperature.

Injection Layer

[0085] The injection layer is a layer that is provided
between the electrode and the organic layer, for decreasing
the driving voltage and enhancing the light emission lumi-
nance, and includes a hole injection layer and an electron
injection layer, which may be provided between the anode
and the light emitting layer or the hole transporting layer and
between the cathode and the light emitting layer or the elec-
tron transporting layer. The injection layer may be provided
depending on necessity.

Barrier Layer

[0086] The barrier layer is a layer that is capable of inhib-
iting charges (electrons or holes) and/or excitons present in
the light emitting layer from being diffused outside the light
emitting layer. The electron barrier layer may be disposed
between the light emitting layer and the hole transporting
layer, and inhibits electrons from passing through the light
emitting layer toward the hole transporting layer. Similarly,
the hole barrier layer may be disposed between the light
emitting layer and the electron transporting layer, and inhibits
holes from passing through the light emitting layer toward the
electron transporting layer. The barrier layer may also be used
for inhibiting excitons from being diffused outside the light
emitting layer. Thus, the electron barrier layer and the hole
barrier layer each may also have a function as an exciton
barrier layer. The term “the electron barrier layer” or “the
exciton barrier layer” referred herein is intended to include a
layer that has both the functions of an electron barrier layer
and an exciton barrier layer by one layer.

Hole Barrier Layer

[0087] Theholebarrier layer has the function of an electron
transporting layer in a broad sense. The hole barrier layer has
a function of inhibiting holes from reaching the electron
transporting layer while transporting electrons, and thereby
enhances the recombination probability of electrons and
holes in the light emitting layer. As the material for the hole
barrier layer, the materials for the electron transporting layer
described later may be used depending on necessity.
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Electron Barrier Layer

[0088] The electron barrier layer has the function of trans-
porting holes in a broad sense. The electron barrier layer has
a function of inhibiting electrons from reaching the hole
transporting layer while transporting holes, and thereby
enhances the recombination probability of electrons and
holes in the light emitting layer.

Exciton Barrier Layer

[0089] The exciton barrier layer is a layer for inhibiting
excitons generated through recombination of holes and elec-
trons in the light emitting layer from being diffused to the
charge transporting layer, and the use of the layer inserted
enables effective confinement of excitons in the light emitting
layer, and thereby enhances the light emission efficiency of
the device. The exciton barrier layer may be inserted adjacent
to the light emitting layer on any of the side of the anode and
the side of the cathode, and on both the sides. Specifically, in
the case where the exciton barrier layer is present on the side
of the anode, the layer may be inserted between the hole
transporting layer and the light emitting layer and adjacent to
the light emitting layer, and in the case where the layer is
inserted on the side of the cathode, the layer may be inserted
between the light emitting layer and the cathode and adjacent
to the light emitting layer. Between the anode and the exciton
barrier layer that is adjacent to the light emitting layer on the
side of the anode, a hole injection layer, an electron barrier
layer and the like may be provided, and between the cathode
and the exciton barrier layer that is adjacent to the light
emitting layer on the side of the cathode, an electron injection
layer, an electron transporting layer, a hole barrier layer and
the like may be provided. In the case where the barrier layer
is provided, the material used for the barrier layer preferably
has excited singlet energy and excited triplet energy, at least
one of which is higher than the excited singlet energy and the
excited triplet energy of the light emitting layer, respectively.

Hole Transporting Layer

[0090] Theholetransporting layer is formed of a hole trans-
porting material having a function of transporting holes, and
the hole transporting layer may be provided as a single layer
or plural layers.

[0091] The hole transporting material has one of injection
or transporting property of holes and barrier property of elec-
trons, and may be any of an organic material and an inorganic
material. Examples of known hole transporting materials that
may be used herein include a triazole derivative, an oxadiaz-
ole derivative, an imidazole derivative, a carbazole derivative,
an indolocarbazole derivative, a polyarylalkane derivative, a
pyrazoline derivative, a pyrazolone derivative, a phenylene-
diamine derivative, an arylamine derivative, an amino-substi-
tuted chalcone derivative, an oxazole derivative, a styrylan-
thracene derivative, a fluorenone derivative, a hydrazone
derivative, a stilbene derivative, a silazane derivative, an
aniline copolymer and an electroconductive oligomer, par-
ticularly a thiophene oligomer. Among these, a porphyrin
compound, an aromatic tertiary amine compound and a styry-
lamine compound are preferably used, and an aromatic ter-
tiary amine compound is more preferably used.

Electron Transporting Layer

[0092] The electron transporting layer is formed of a mate-
rial having a function of transporting electrons, and the elec-
tron transporting layer may be provided as a single layer or
plural layers.
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[0093] The electron transporting material (which may also
function as a hole barrier material in some cases) needs only
to have a function of transporting electrons, which are
injected from the cathode, to the light emitting layer.
Examples of the electron transporting layer that may be used
herein include a nitro-substituted fluorene derivative, a diphe-
nylquinone derivative, a thiopyran dioxide derivative, carbo-
diimide, a fluorenylidene methane derivative, anthraquin-
odimethane and anthrone derivatives, and an oxadiazole
derivative. The electron transporting material used may be a
thiadiazole derivative obtained by replacing the oxygen atom
of the oxadiazole ring of the oxadiazole derivative by a sulfur
atom, or a quinoxaline derivative having a quinoxaline ring,
which is known as an electron attracting group. Furthermore,
polymer materials having these materials introduced to the
polymer chain or having these materials used as the main
chain of the polymer may also be used.

[0094] In the production of the organic electroluminescent
device, the compound represented by the general formula (1)
may be used as a host material of the light emitting layer, and
may be used as a charge transporting layer in the other layers.
In this case, the compound represented by the general formula
(1) used in the light emitting layer and the compound repre-
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sented by the general formula (1) used in the other layers than
the light emitting layer may be the same as or different from
each other. For example, the compound represented by the
general formula (1) may be used in the injection layer, the
barrier layer, the hole barrier layer, the electron barrier layer,
the exciton barrier layer, the hole transporting layer, the elec-
tron transporting layer and the like described above. The film
forming method of the layers are not particularly limited, and
the layers may be produced by any of a dry process and a wet
process.

[0095] Specific examples of preferred materials that may
be used in the organic electroluminescent device are shown
below, but the materials that may be used in the invention are
not construed as being limited to the example compounds.
The compound that is shown as a material having a particular
function may also be used as a material having another func-
tion. In the structural formulae of the example compounds, R
andR, to R, each independently represent a hydrogen atom or
a substituent, and n represents an integer of from 3 to 5.
[0096] Specific examples of a compound that may be used

as the host material of the light emitting layer in the case
where the compound represented by the general formula (1)
is used in the other layers than the light emitting layer are
shown below.
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[0097] Preferred examples of a compound that may be used

as the hole injection material are shown below.
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[0098] Preferred examples of acompound that may be used
as the hole transporting material are shown below.
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[0099] Preferred examples of acompound that may be used —continued

as the electron barrier material are shown below.
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[0100] Preferred examples of a compound that may be used
as the hole barrier material are shown below.
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-continued -continued

[0101] Preferred examples of a compound that may be used
as the electron transporting material are shown below.
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[0102] Preferred examples of acompound that may be used -continued

as the electron injection material are shown below.

< 0

[0103] Preferred examples of acompound as a material that

may be added are shown below. For example, the compound ~ [0104]  The organic electroluminescent device thus pro-
may be added as a stabilizing material. duced by the aforementioned method emits light on applica-

tion of an electric field between the anode and the cathode of
the device. In this case, when the light emission is caused by
the excited single energy, light having a wavelength that
corresponds to the energy level thereof may be confirmed as
fluorescent light and delayed fluorescent light. When the light
emission is caused by the excited triplet energy, light having
awavelength that corresponds to the energy level thereof may
be confirmed as phosphorescent light. The normal fluorescent
light has a shorter fluorescent lifetime than the delayed fluo-
rescent light, and thus the light emission lifetime may be
distinguished between the fluorescent light and the delayed
fluorescent light.
[0105] The phosphorescent light may substantially not
observed with a normal organic compound, such as the com-
pound of the invention, at room temperature since the excited
triplet energy is converted to heat or the like due to the
instability thereof, and is immediately deactivated with a
short lifetime. The excited triplet energy of the normal
organic compound may be measured by observing light emis-
sion under an extremely low temperature condition.

-

ZiT

=z

[0106] Theorganic electroluminescent device of the inven-
tion may be applied to any of a single device, a structure with
plural devices disposed in an array, and a structure having
anodes and cathodes disposed in an X-Y matrix. According to
the invention, an organic light emitting device that is largely
improved in light emission efficiency may be obtained by
adding the compound represented by the general formula (1)
in the light emitting layer. The organic light emitting device,
such as the organic electroluminescent device, of the inven-
tion may be applied to a further wide range of purposes. For
example, an organic electroluminescent display apparatus
may be produced with the organic electroluminescent device
of the invention, and for the details thereof, reference may be
made to S. Tokito, C. Adachi and H. Murata, “Yuki EL, Dis-
play” (Organic EL Display) (Ohmsha, Ltd.). In particular, the
organic electroluminescent device of the invention may be
applied to organic electroluminescent illumination and back-
light which are highly demanded.
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EXAMPLES

[0107] The features of the invention will be described more
specifically with reference to test examples and working
examples below. The materials, processes, procedures and the
like shown below may be appropriately modified unless they
deviate from the substance of the invention. Accordingly, the
scope of the invention is not construed as being limited to the
specific examples shown below. The light emission charac-
teristics were evaluated by using Semiconductor Parameter
Analyzer (E5273A, produced by Agilent Technologies, Inc.),
Optical Power Meter (1930C, produced by Newport Corpo-
ration), Fiber Optic Spectrometer (USB2000, produced by
Ocean Optics, Inc.) and Streak Camera (Model C4334, pro-
duced by Hamamatsu Photonics K.K.).

Test Example 1

Evaluation of Thermal Stability

[0108] The compound 1, mCP, and the three cyclotriphos-
phazene compounds having the specific structures described
in Non-patent Document 1 (the compounds CP1, CP2 and
CP3) were measured for decomposition temperature by mea-
suring the temperature, at which the compound exhibited a
weight loss of 5% by weight or more on gradually increasing
heating temperature for the compounds. As a result, the com-
pound 1 had a significantly high decomposition temperature
of 474° C., but the decomposition temperature of mCP was
55° C. Non-patent Document 1 reports that the cyclotriphos-
phazene compounds have a decomposition temperature of
from 280 to 330° C. Accordingly, it was confirmed that the
compound 1 of the invention had significantly high thermal
stability.

Test Example 2

Measurement of T1 Level

[0109] A methylene chloride solution of the compound 1
(concentration: 10~* mol/I.) was cooled to 77 K and measured
for PL spectrum. The energy of the peak value on the short
wavelength end in the PL spectrum was calculated and des-
ignated as the T1 level (ie., the lowest excitation triplet
energy level) of the compound. The compound 1 had a T1
level of 3.00 eV (HOMO: 6.48 eV, LUMO: 2.52 eV). Appl.
Phys. Lett., 2003, 82, 2422 reports that the T1 level of mCP is
2.9 eV (HOMO: 5.9 eV, LUMO: 2.4 V).

1. Production and Evaluation of Organic
Photoluminescent Device (Thin Film)

Example 1

[0110] The compound 1 and 2CzCN were vapor-deposited
by a vacuum vapor deposition method from separate vapor
deposition sources on a silicon substrate under a condition of
a vacuum degree of 5.0x10™* Pa, 5o as to form a thin film
having a concentration of 2CzCN of 3.0% by weight to a
thickness of 100 nm at a rate 0f 0.3 nm/sec, thereby providing
an organic photoluminescent device. The organic photolumi-
nescent device thus produced was measured for the light
emission spectrum with ultraviolet excitation light. Theresult
is shown in FIG. 2. The photoluminescence quantum effi-
ciency was 66.0% in the air and 84.8% in a nitrogen atmo-
sphere.
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2. Production and Evaluation of Organic
Electroluminescent Device

Example 2

[0111] Thin films were laminated on a glass substrate hav-
ing formed thereon an anode formed of indium tin oxide
(ITO) having a thickness of 100 nm, by a vacuum vapor
deposition method at a vacuum degree of 5.0x10™ Pa or less.
Firstly, a-NPD was formed to a thickness of 35 nm on ITO,
and thereon mCP was formed to a thickness of 10 nm. Sub-
sequently, the compound 1 and 2CzCN were vapor-co-depos-
ited from separate vapor deposition sources to form a layer
having a thickness of 20 nm, which was designated as a light
emitting layer. At this time, the concentration of 2CzCN was
3.0% by weight. PPT was then formed to a thickness of 40
nm, then LiF was vacuum vapor-deposited to a thickness of
0.8 nm, and then aluminum (Al) was vapor-deposited to a
thickness of 80 nm to form a cathode, thereby producing an
organic electroluminescent device.

[0112] The light emission spectrum of the organic elec-
troluminescent device thus produced is shown in FI1G. 3, the
electric current density-voltage-luminance characteristics
thereof are shown in FIG. 4, and the electric current density-
external quantum efficiency characteristics thereof are shown
in FIG. 5. The maximum luminance was 18,805 cd/m>, and
the external quantum efficiency was 14.9%, which were sig-
nificantly high. If anideally balanced organic electrolumines-
cent device is produced with a fluorescent material having a
light emission quantum efficiency of 100%, the external
quantum efficiency of fluorescent light emission of the device
may be from 5 to 7.5% assuming that the light extraction
efficiency is from 20 to 30%. Ithas been ordinarily considered
that the value is the theoretical limit value of an external
quantum efficiency of an organic electroluminescent device
using a fluorescent material. The organic electroluminescent
device of the invention using the compound 1 is considerably
excellent in such a point that a high external quantum effi-
ciency that exceeds the theoretical limit value is achieved.

Comparative Example 1

[0113] An organic electroluminescent device was pro-
duced in the same manner as in Example 2 except that mCP
was used instead of the compound 1, and evaluated for char-
acteristics in the same manner. The light emission spectrum
of the device is shown in FIG. 3, the electric current density-
voltage-luminance characteristics thereof are shown in FIG.
4, and the electric current density-external quantum effi-
ciency characteristics thereof are shown in FIG. 5. The maxi-
mum luminance was 16,524 cd/m?, and the external quantum
efficiency was 11.8%.

[0114] Itwas confirmed that an excellent organic electrolu-
minescent device was provided with the compound 1 rather
than mCP.

Comparative Example 2

[0115] An organic electroluminescent device was pro-
duced in the same manner as in Example 2 except that tBuC-
zPO was used instead of the compound 1, and evaluated for
characteristics in the same manner. The electric current den-
sity-voltage-luminance characteristics thereof are shown in
FIG. 6, and the electric current density-external quantum
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efficiency characteristics thereof are shown in FIG. 7. The
maximum luminance was 6,436 cd/m?, and the external quan-
tum efficiency was 12.8%.

[0116] Itwas confirmed that an excellent organic electrolu-
minescent device was provided with the compound 1 rather
than tBuCzPO.

Example 3

[0117] Thin films were laminated on a glass substrate hav-
ing formed thereon an anode formed of indium tin oxide
(ITO) having a thickness of 100 nm, by a vacuum vapor
deposition method at a vacuum degree of 5.0x107* Pa or less.
Firstly, a-NPD was formed to a thickness of 35 nm on ITO,
and thereon mCP was formed to a thickness of 10 nm. Sub-
sequently, the compound 1 and 4CzIPN were vapor-co-de-
posited from separate vapor deposition sources to form a
layer having a thickness of 20 nm, which was designated as a
light emitting layer. At this time, the concentration of 4CzIPN
was 3.0% by weight. PPT was then formed to a thickness of
40 nm, then LiF was vacuum vapor-deposited to a thickness
of 0.8 nm, and then aluminum (Al) was vapor-deposited to a
thickness of 80 nm to form a cathode, thereby producing an
organic electroluminescent device.

[0118] The light emission spectrum of the organic elec-
troluminescent device thus produced is shown in FI1G. 8, the
electric current density-voltage-luminance characteristics
thereof are shown in FIG. 9, and the electric current density-
external quantum efficiency characteristics thereof are shown
in FIG. 10. The maximum luminance was 54,141 cd/m?, and
the external quantum efficiency was 17.8%, which were sig-
nificantly high.

Comparative Example 3

[0119] An organic electroluminescent device was pro-
duced in the same manner as in Example 3 except that mCP
was used instead of the compound 1, and evaluated for char-
acteristics in the same manner. The light emission spectrum
of the device is shown in FIG. 8, the electric current density-
voltage-luminance characteristics thereof are shown in FIG.
9, and the electric current density-external quantum effi-
ciency characteristics thereof are shown in FIG. 10. The
maximum luminance was 49,176 cd/m? and the external
quantum efficiency was 17.7%.

[0120] Itwas confirmed that an excellent organic electrolu-
minescent device was provided with the compound 1 rather
than mCP.

a-NPD
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INDUSTRIAL APPLICABILITY

[0121] The compound represented by the general formula
(1) is useful as a charge transporting material. The compound
is also useful as a host material in the case where a light
emitting material is used as a dopant. Accordingly, an organic
light emitting device using the compound represented by the
general formula (1) may achieve a high light emission effi-
ciency and a high luminance. Therefore, the invention has
high industrial applicability.

REFERENCE SIGNS LIST
[0122] 1 substrate
[0123] 2 anode
[0124] 3 hole injection layer
[0125] 4 hole transporting layer
[0126] 5 light emitting layer
[0127] 6 electron transporting layer
[0128] 7 cathode

1. A charge transporting material containing a compound
represented by the following formula (1):

Formula (1)

wherein R to R® each independently represent a group rep-
resented by the following formula (2):

Formula (2)

R7
RY \N—
Rr12 RIS
Rl3 Rl4

wherein R” represents a substituted or unsubstituted aryl
group or a substituted or unsubstituted aralkyl group;
and R'! toR'* each independently represent a hydrogen
atom or a substituent, and R” and R'!, R!! and R'?, R'?
and R, R"® and R'*, and R™ and R"* each may be
bonded to each other to form a cyclic structure.

2. The charge transporting material according to claim 1,
wherein all R to RS in the formula (1) are the same as each
other.

Jan. 21,2016

3. The charge transporting material according to claim 1,
wherein R' to R® in the formula (1) each represent a group
represented by one of the following formulae (3) to (7):

Formula (3)
R23 RZZ
R24 AQ? Rll
R N—
R26
RZS R29
Formula (4)
R33 R32
R AQ Ré!
[0} N—
R36 R37
Formula (5)
R43 R42
R34 AQi R4l
S N=—
R454Q7 R38
R46 R47
Formula (6)
R53 RSZ
RGZ RGI R54 RS]

RS3

b

R64 R65 R55 R58

RSG R57
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-continued
Formula (7)

R72

R76 R79

R77 R78

whereinR*! to R**, R* toR*®, R*' to R**, R®' to R®®, and R™*
to R7? each independently represent a hydrogen atom or a
substituent, and R* and R*?, R®? and R**, R*® and R**, R**
and R*°, R*® and R?%, R*® and R*7, R*” and R*®, R*® and R%,
R?* and R*, R*! and R*?, R*?and R??, R3* and R**, R3® and
R*%, R**and R*’, R*” and R*®,R*' and R*, R** and R¥, R*
and R**, R* and R*®, R*® and R*”, R*’ and R*®, R®! and R>?,
R3%and R*, R* and R**, R>® and R%%, R>® and R*7, R*” and
R*® R® and R%, R®? and R%*,R® and R%*, R%* and R%, R>*
and R%, R¥* and R, R"' and R”?>, R and R”>, R”® and R™,
R™andR”,R7%and R”7,R”7 and R7®, and R”® and R”® each
may be bonded to each other to form a cyclic structure.

4. The charge transporting material according to claim 3,
wherein R' to R® in the formula (1) each represent a group
represented by the formula (3).

5. The charge transporting material according to claim 3,
wherein R' to R® in the formula (1) each represent a group
represented by the following formula (8):

Formula (8)

wherein R*! to R**, and R*” to R*° each independently rep-
resent a hydrogen atom or a substituent, and R** and R*%, R**

39
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and R?, R** and R**, R*” and R*®, R*® and R**, and R*® and
R*° each may be bonded to each other to form a cyclic struc-
ture.

6. The charge transporting material according to claim 5,
wherein the charge transporting material contains a com-
pound having the following structure:

e

)

N\
z

z\ﬂ/
/ \

Z

oS

wherein any hydrogen atom in the structure may be substi-
tuted by a substituent.

7. A host material containing the charge transporting mate-
rial according to claim 1.

8. The host material according to claim 7, wherein the host
material is for a blue light emitting material.

9. A thin film containing the host material according to
claim 7, and a light emitting material.

10. The thin film according to claim 9, wherein the light
emitting material is a blue light emitting material.

11. An organic light emitting device containing the charge
transporting material according to claim 1.

12. The organic light emitting device according to claim
11, wherein the charge transporting material is used in a light
emitting layer as a host material.

13. The organic light emitting device according to claim
11, wherein the organic light emitting material emits phos-
phorescent light.

14. The organic light emitting device according to claim
11, wherein the organic light emitting material emits delayed
fluorescent light.

15. The organic light emitting device according to claim
11, wherein the organic light emitting device is an organic
electroluminescent device.
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