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ORGANIC ELECTROLUMINESCENCE
DEVICE

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATION(S)

The present application 1s a reissue application of U.S.
Pat. No. 9,099,658, which is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2012-126500, filed Jun. 1, 2012, and Japanese Patent
Application No. 2012-221701, filed Oct. 3, 2012; the entire

contents of which are incorporated herein by reference.

FIELD

Embodiments described herein relates to an organic elec-
troluminescence device.

BACKGROUND

When voltage 1s applied on an organic electrolumines-
cence device (hereinafter, referred to as an organic EL
device), holes and electrons are respectively 1injected 1nto an
emitting layer from an anode and a cathode. The injected
holes and electrons are recombined in the emitting layer to
form excitons. Here, according to the electron spin statistics
theory, singlet excitons and triplet excitons are generated at
a ratio of 25%:75%. In the classification according to the
emission principle, 1n a fluorescent ELL device which uses
emission caused by singlet excitons, an internal quantum
elliciency of the organic EL device 1s believed to be limited
0 25%. On the other hand, it has been known that the
internal quantum efliciency can be improved up to 100%
under etlicient intersystem crossing from the singlet excitons
in a phosphorescent EL device which uses emission caused
by triplet excitons.

A technology for extending a lifetime of a fluorescent
organic EL device has recently been improved and applied
to a full-color display of a mobile phone, TV and the like.
However, an efliciency of a fluorescent EL device 1s required
to be improved.

Based on such a background, a highly eflicient fluorescent
organic ELL device using delayed fluorescence has been
proposed and developed. For instance, Literature 1 (Inter-
national Publication No. W02010/134350) and Literature 2
(International Publication No. W(O2011/070963) disclose an
organic EL device using TTF (Tnplet-Trniplet Fusion)
mechanism that 1s one of mechanisms for delayed fluores-
cence. The TTF mechanism utilizes a phenomenon in which
singlet excitons are generated by collision between two
triplet excitons.

By using delayed fluorescence by the TTF mechanism, 1t
1s considered that an internal quantum efliciency can be
theoretically raised up to 40% even in fluorescent emission.
However, as compared with phosphorescent emission, the
fluorescent emission 1s still problematic on 1improving etli-
ciency. Accordingly, in order to enhance the internal quan-
tum etliciency, an organic EL device using another delayed
fluorescence mechanism has been studied.
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2

For instance, TADF (Thermally Activated Delayed Fluo-
rescence) mechanism 1s used. The TADF mechanism utilizes
a phenomenon 1n which iverse intersystem crossing from
triplet excitons to singlet excitons 1s generated by using a
material having a small energy gap (AST) between the
singlet level and the triplet level. An organic EL device using,
the TADF mechanism 1s disclosed 1n, for instance, Literature
3: “Expression of Thermally-Activated Delayed Fluores-
cence of High Efficiency and Application thereotf to OLED”

Organic EL. Symposium, proceeding for the tenth meeting
edited by Chihaya Adachietal., pp. 11-12, Jun. 17-18, 2010.

In the organic EL device of Literature 3, a compound having
a small AST 1s used as a dopant material to cause inverse
intersystem crossing from the triplet level to the singlet level
by heat energy. It 1s considered that the internal quantum
elliciency can be theoretically raised up to 100% even 1n
fluorescent emission by using delayed fluorescence by the
TADF mechanism.

An organic EL device having a doped layer using a
specific host material and a specific compound having a
spiro skeleton as a dopant material 1s disclosed in Literature
4: “Development of Highly-Eflicient Fluorescent Electrolu-
minescence device Utilizing Thermally Activated Delayed
Fluorescence of Spiro-Structured Molecules” Chemical
Society of Japan, proceeding for the 92nd Spring meeting on
Mar. 25-28, 2012 edited by Chihaya Adachi et al., 3M3-37).
The organic ELL device exhibits a high external quantum
elliciency with the use of the TADF mechanism.

However, although the organic EL devices disclosed 1n
Literatures 3 and 4 exhibit the maximum luminous etfh-
ciency at 0.01 mA/cm” of a low current density area,
so-called roll-off 1s generated to decrease a luminous efli-
ciency in a practically high current density area from
approximately 1 mA/cm” to 10 mA/cm”.

Accordingly, 1t 1s considered that many practical prob-
lems 1n using delayed fluorescence by the TADF mechanism
are left unsolved, among which improvement in the lumi-
nous eiliciency in the practically high current density area
has been particularly demanded.

BRIEF SUMMARY OF THE

INVENTION

An organic electroluminescence device according to an
exemplary embodiment includes: a cathode; an anode; and
an organic thin-film layer disposed between the cathode and
the anode, the organic thin-film layer having one or more
layers comprising an emitting layer, the emitting layer
including a first material represented by a formula (1) below
and a second material 1n a form of a fluorescent dopant
material,

(1)
(Br-L—tA)

where, 1n the formula (1):
A 1s a group having a partial structure selected from formu-
lae (a-1) to (a-7) below;
B 1s a group having a partial structure selected from formu-
lae (b-1) to (b-6) below;
L represents a single bond or a linking group;
the linking group 1s:

a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms;

a substituted or unsubstituted heterocyclic group having 5
to 30 ring atoms; or
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a group derived from a group formed by mutually bond-
ing two to five of the substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms and/or the substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms,
the mutually bonded groups being the same or diflerent;

a 1s an 1nteger 1 a range from 1 to 5 representing the
number of a substituent(s) of A directly bonded to L;

a plurality of A being mutually the same or different when
a 1s 2 or more,

b 1s an integer in a range from 1 to 5 representing the
number of a substituent(s) of B directly bonded to L,

a plurality of B being mutually the same or different when
b 1s 2 or more;

b

SOA

(a-1)

(a-2)
C=—N
(a-3)
O
|
P
(a-4)
O
|
o o (a-5)
\ /
(a-6)
O
|
2
(a-7)
O
|
P
(b-1)
:
24 R
‘\Cf’
(b-2)
R\ N"" R
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-continued
(b-3)
R
wl\l%:i;
o (b-4)
G ~
(b-3)
|
R R
~gi”
(b-6)
|
R R
\Ge/

where, 1n the formula (b-1) to (b-6):

R 1s:

a hydrogen atom;

a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms;

a substituted or unsubstituted heterocyclic group having 5
to 30 ring atoms; or

a substituted or unsubstituted alkyl group having 1 to 30
carbon atoms, and

when a plurality of R are present, the plurality of R being
mutually the same or diflerent.

In an organic electroluminescence device according to
another exemplary embodiment, the second material con-
tained in the emitting layer may be a dopant material that 1s
not a heavy metal complex.

Specifically, the organic electroluminescence device
according to the above exemplary embodiment includes: a
cathode; an anode; and an organic thin-film layer disposed
between the cathode and the anode, the organic thin-film
layer having one or more layers including an emitting layer,
in which the emitting layer includes a first material repre-
sented by the above formula (1) and a second matenal 1n a
form of a dopant material, with the proviso that the dopant
material 1s not a heavy metal complex.

The first material represented by the formula (1) 1n the
above exemplary embodiment i1s the same as described
above.

The organic EL device according to the exemplary
embodiment(s) efliciently emits light even in a practical
high-current-density area.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically shows an exemplary arrangement of
an organic EL. device according to an exemplary embodi-
ment of the mvention.

FIG. 2 shows an example of physics models with aggre-
gate formation.

FIG. 3 shows a relationship in energy level between the
host material and the dopant material in the emitting layer.
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FIG. 4 shows a relationship 1n energy level between the
host material and the dopant material in the emitting layer.

FIG. 5 shows a measurement system of transitional EL
waves.

FIG. 6A shows a measurement method of a ratio of
luminous intensities dertved from delayed fluorescence and
1s a graph showing time-varying luminous intensities of the
EL device.

FIG. 6B shows a measurement method of a ratio of
luminous intensities derived from delayed fluorescence and
1s a graph showing time-varying inverse square root of
luminous 1ntensities.

FIG. 7 shows a relationship 1n energy level between the
host material and the dopant material in the emitting layer.

FIG. 8A schematically shows an incident angle of an
incident light from a light source as an example of spectro-
scopic ellipsometry measurement.

FIG. 8B shows a cross section of an organic thin film on
a silicon substrate (a measurement target) as an example of
the spectroscopic ellipsometry measurement.

FIG. 9 1s a molecular orbital view of the host material
according to the exemplary embodiment of the mvention.

FIG. 10 1s another molecular orbital view of the host
material according to the exemplary embodiment of the
invention.

FIG. 11 1s still another molecular orbital view of the host
material according to the exemplary embodiment of the
invention.

FIG. 12 1s a graph showing time-varying luminous inten-
sities of the organic EL device according to the exemplary
embodiment of the invention.

FIG. 13 1s another graph showing time-varying luminous
intensities of the organic EL device according to the exem-
plary embodiment of the invention.

FIG. 14 1s still another graph showing time-varying
luminous intensities of the organic EL device according to
the exemplary embodiment of the imnvention.

FIG. 15 1s a further graph showing time-varying luminous
intensities of the organic EL device according to the exem-
plary embodiment of the invention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

Arrangement(s) of Organic EL Device

Arrangement(s) of an organic ELL device according to an
exemplary embodiment will be described below.

The organmic EL device according to the exemplary
embodiment 1ncludes a pair of electrodes and an organic
compound layer between the pair of electrodes. The organic
compound layer includes at least one layer formed of an
organic compound. The organic compound layer may
include an inorganic compound.

In the organic EL device according to the exemplary
embodiment, at least one layer of the organic compound
layer includes an emitting layer. Accordingly, the organic
compound layer may be provided by a single emitting layer.
Alternatively, the organic compound layer may be provided
by layers applied 1n a known organic EL device such as a
hole mjecting layer, a hole transporting layer, an electron
injecting layer, an electron transporting layer, a hole block-
ing layer and an electron blocking layer.

The following are representative structure examples of an
organic EL device:

(a) anode/emitting layer/cathode;

(b) anode/hole 1njecting*transporting layer/emitting layer/
cathode;

(¢) anode/emitting layer/electron 1njecting transporting

layer/cathode;
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(d) anode/hole 1njecting transporting layer/emitting layer/
clectron 1njecting*transporting layer/cathode; and

(¢) anode/hole injecting*transporting layer/emitting layer/
blocking layer/electron injecting*transporting layer/cathode.

While the arrangement (d) 1s preferably used among the
above arrangements, the arrangement of the invention 1s not
limited to the above arrangements.

It should be noted that the aforementioned “emitting
layer” 1s an organic compound layer generally employing a
doping system and including a first material and a second
material. In general, the first material promotes recombina-
tion of electrons and holes and transmits excitation energy
generated by recombination to the second material. The first
material 1s often referred to as a host material. Accordingly,
the first material 1s referred to as the host material in
descriptions heremaiter. In general, the second material
receives the excitation energy from the host material (the
first material) to exhibit a high luminescent performance.
The second material 1s often referred to as a dopant matenal.
Accordingly, the second material 1s referred to as the dopant
material 1n descriptions hereinaiter. The dopant matenal 1s
preferably a compound having a high quantum efliciency. In
the exemplary embodiment, a material showing tluorescence
(fluorescent dopant material) 1s used as the dopant material.

The “hole 1njecting/transporting layer” means “at least
one of a hole injecting layer and a hole transporting layer”
while the “electron injecting/transporting layer” means “at
least one of an electron injecting layer and an electron
transporting layer.” Herein, when the hole injecting layer
and the hole transporting layer are provided, the hole 1inject-
ing layer 1s preferably close to the anode. When the electron
injecting layer and the electron transporting layer are pro-
vided, the electron imjecting layer 1s preferably close to the
cathode.

In the exemplary embodiment, the electron transporting
layer means an organic layer having the highest electron
mobility among organic layer(s) providing an electron trans-
porting zone existing between the emitting layer and the
cathode. When the electron transporting zone 1s provided by
a single layer, the single layer 1s the electron transporting
layer. Moreover, a blocking layer having an electron mobil-
ity that 1s not always high may be provided as shown 1n the
arrangement (e) between the emitting layer and the electron
transporting layer i order to prevent diflusion of excitation
energy generated in the emitting layer. Thus, the organic
layer adjacent to the emitting layer 1s not always an electron
transporting layer.

FIG. 1 schematically shows an arrangement of an organic
EL device according to the exemplary embodiment.

An organic electroluminescence device 1 includes a light-
transmissive substrate 2, an anode 3, a cathode 4 and an
organic compound layer 10 disposed between the anode 3
and the cathode 4.

The organic compound layer 10 includes an emitting layer
5 containing a host material and a dopant material. The
organic compound layer 10 also includes a hole 1njecting
layer 6 and a hole transporting layer 7 between the emitting
layer 5 and the anode 3 in sequence from the anode 3. The
organic compound layer 10 further includes an electron
transporting layer 8 and an electron imjecting layer 9
between the emitting layer 5 and the cathode 4 1n sequence
from the emitting layer 5.

Emitting Layer
Compound(s) of Emitting Layer

After conducting concentrated studies 1n order to solve
the above problem, the inventors found that the organic EL
device efliciently causes light emission even 1n a practical




US RE49,343 E

7

high-current-density area by using a specific compound as a
first material and a fluorescent dopant material as a second
material, and reached the invention.

It 1s speculated that the use of a specific fluorescent dopant
material as the second material would result in a more
advantageous eflect.

Compounds to be used herein as the host material and the
dopant material are as follows.

Host Material
As the host material, a first material represented by the

following formula (1) 1s usable.

(1)
(Bo-L—A),

In the formula (1):

A 1s a group having a partial structure selected from the
formulae (a-1) to (a-7) below; B 1s a group having a partial
structure selected from the formulae (b-1) to (b-6) below;
and L represents a single bond or a linking group.

The linking group 1s a group derived from: a substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms,
substituted or unsubstituted heterocyclic group having 5 to
30 ring atoms, or a group formed by bonding two to five of
the above groups;

The mutually bonded groups are the same or different.

a 1s an nteger 1 a range from 1 to 5 representing the
number of a substituent(s) of A directly bonded to L, a
plurality of A being mutually the same or diflerent when a
1S 2 or more; and

b 1s an i1nteger 1n a range from 1 to 5 representing the
number of a substituent(s) of B directly bonded to L,

a plurality of B being mutually the same or different when
b 1s 2 or more.

s

POA

(a-1)

(a-2)
(C=—=N
(a-3)
O
|
(a-4)
O
|
’\N\T/W\(‘
(a-5)

O 0O
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-continued
(a-6)
O
|
(a-7)
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(b-1)
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(b-2)
R ~ N _ R
n (b-3)
qf;
o (b-4)
q;l
(b-3)
|
R R
~gi”
(b-6)
|
R R
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In the formula (b-1) to (b-6), R 1s selected from a hydrogen
atom, substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms, substituted or unsubstituted heterocyclic
group having 5 to 30 ring atoms or substituted or unsubsti-
tuted alkyl group having 1 to 30 carbon atoms. When a
plurality of R are present, the plurality of R are mutually the
same or different.

In the above formula (1), B 1s a component having a donor
clement and A 1s a component having an acceptor compo-
nent. In other words, the partial structure of B selected from
the above formulae (b-1) to (b-6) 1s the structure having the
donor element, and the partial structure of A selected from
the above formulae (a-1) to (a-7) 1s the structure having the
acceptor element. It should be noted that the donor element
refers to electron-donating property while the acceptor ele-
ment refers to electron-accepting property.

Preferably, the formula (1) 1s represented by one of the
tollowing formulae (1a) to (1g).
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(la)
(1b)

B—B—L—A

B—B—L—A—A
(1)

B—L—A—A
(1d)
B—L—A
(le)
B
~
L—A
ne”
. (11)
>L—A—A
B
N (1g)
1~
B—I_
A

The aryl group having 6 to 30 ring carbon atoms 1n the
formulae (1) and (b-1) to (b-6) includes a fused aryl group,
examples of which are a phenyl group, 1-naphthyl group,
2-naphthyl group, 1-anthryl group, 2-anthryl group, 9-an-
thryl group, benzanthryl group, 1-phenanthryl group,
2-phenanthryl group, 3-phenanthryl group, 4-phenanthryl
group, 9-phenanthryl group, naphthacenyl group, pyrenyl
group, 1-chrysenyl group, 2-chrysenyl group, 3-chrysenyl
group, 4-chrysenyl group, 5-chrysenyl group, 6-chrysenyl
group, benzo[c]phenanthryl group, benzo[g]chrysenyl
group, 1-triphenylenyl group, 2-triphenylenyl group, 3-tri-
phenylenyl group, 4-triphenylenyl group, 1-fluorenyl group,
2-fluorenyl group, 3-fluorenyl group, 4-fluorenyl group.,
9-fluorenyl group, benzofluorenyl group, dibenzofluorenyl
group, 2-biphenylyl group, 3-biphenylyl group, 4-bipheny-
lyl group, o-terphenyl group, m-terphenyl-4-yl group, m-ter-
phenyl-3-yl group, m-terphenyl-2-yl group, p-terphenyl-4-
yl group, p-terphenyl-3-yl group, p-terphenyl-2-yl group,
m-quarterphenyl group, 3-fluoranthenyl group, 4-fluo-
ranthenyl group, 8-fluoranthenyl group, 9-fluoranthenyl
group, benzotfluoranthenyl group, o-tolyl group, m-tolyl
group, p-tolyl group, 2,3-xylyl group, 3,4-xylyl group, 2,5-
xylyl group, mesityl group, o-cumenyl group, m-cumenyl
group, p-cumenyl group, p-t-butylphenyl group, p-(2-phe-
nylpropyl)phenyl group, 4'-methylbiphenylyl group and
4"-t-butyl-p-terphenyl-4-yl group.

The aryl group pretferably has 6 to 20 ring carbon atoms,
more preferably 6 to 12 ring carbon atoms. Among the aryl
group, a phenyl group, biphenyl group, naphthyl group,
phenanthryl group and terphenyl group are particularly
preferable.

The heterocyclic group having 5 to 30 ring carbon atoms
includes a fused heterocyclic group, examples of which are
a pyroryl group, pyrazinyl group, pyridinyl group, indolyl
group, 1soindolyl group, imidazolyl group, furyl group.,
benzofuranyl group, 1sobenzofuranyl group, dibenzofuranyl
group, dibenzothiophenyl group, quinolyl group, 1soqui-
nolyl group, quinoxalinyl group, carbazolyl group, phenant-
ridinyl group, acridinyl group, phenanthrolinyl group,
phenazinyl group, phenothiazinyl group, phenoxazinyl
group, oxazolyl group, oxadiazoyl group, furazanyl group,
thienyl group, benzothiophenyl group and a group formed
from a pyndine ring, pyrazine ring, pyrimidine ring,
pyridazine ring, triazine ring, indole ring, quinoline ring,
acridine ring, pirrolidine ring, dioxane ring, piperidine ring,
morpholine ring, piperadine ring, carbazole ring, furan ring,
thiophene ring, oxazole ring, oxadiazole ring, benzoxazole
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ring, thiazole ring, thiadiazole ring, benzothiazole ring,
triazole ring, imidazole ring, benzimidazole ring, pyrane
ring and dibenzofuran ring.

Specific examples of the heterocyclic group having S to
30 ring atoms are a 1-pyroryl group, 2-pyroryl group,
3-pyroryl group, pyrazinyl group, 2-pyridinyl group, 2-py-
rimidinyl group, 4-pyrimidinyl group, S-pyrimidinyl group,
6-pyrimidinyl group, 1,2,3-triazine-4-yl group, 1,2,4-triaz-
ine-3-yl group, 1,3,5-triazine-2-yl group, 1-imidazolyl
group, 2-imidazolyl group, 1-pyrazolyl group, 1-indolidinyl
group, 2-indolidinyl group, 3-indolidinyl group, 5-indolidi-
nyl group, 6-indolidinyl group, 7-indolidinyl group, 8-1ndo-
lidinyl group, 2-imidazopyridinyl group, 3-imidazopyridi-
nyl group, 5-tmidazopyridinyl group, 6-imidazopyridinyl
group, 7-imidazopyridinyl group, 8-imidazopyridinyl group,
3-pyridinyl group, 4-pyridinyl group, 1-indolyl group, 2-1n-
dolyl group, 3-indolyl group, 4-indolyl group, 3-indolyl
group, 6-1ndolyl group, 7-indolyl group, 1-1soindolyl group,
2-1soindolyl group, 3-1somndolyl group, 4-1soindolyl group,
S-1soindolyl group, 6-1soindolyl group, 7-1soindolyl group,
2-furyl group, 3-furyl group, 2-benzofuranyl group, 3-ben-
zoluranyl group, 4-benzofuranyl group, 5-benzofuranyl

group, 6-benzofuranyl group, 7-benzofuranyl group,
l-1sobenzofuranyl  group, 3-isobenzofuranyl group,
4- iso':)enzof'uranyf. group, S-1sobenzofuranyl group.
6-1sobenzoluranyl group, 7-1sobenzofuranyl group, 2-qui-

nolyl group, 3-quinolyl group, 4-quinolyl group, 5-quinolyl
group, 6-quinolyl group, 7-quinolyl group, 8-quinolyl
group, 1-1soquinolyl group, 3-1soquinolyl group, 4-1soqui-
nolyl group, 5-1soquinolyl group, 6-1soquinolyl group, 7-1s0-
quinolyl group, 8-1soquinolyl group, 2-quinoxalinyl group,
S-quinoxalinyl group, 6-quinoxalinyl group, 1-carbazolyl
group, 2-carbazolyl group, 3-carbazolyl group, 4-carbazolyl
group, 9-carbazolyl group, azacarbazolyl-1-yl group, azac-
arbazolyl-2-yl group, azacarbazolyl-3-yl group, azacarba-
zolyl-4-yl group, azacarbazolyl-5-yl group, azacarbazolyl-
6-yl group, azacarbazolyl-7-yl group, azacarbazolyl-8-yl
group, azacarbazolyl-9-yl group, 1-phenanthrydinyl group,

2-phenanthrydinyl  group, 3-phenanthrydinyl group,
4-phenanthrydinyl  group, 6-phenanthrydinyl group,
7-phenanthrydinyl  group, 8-phenanthrydinyl group,
O-phenanthrydinyl group, 10-phenanthrydinyl group,

l-acridinyl group, 2-acridinyl group, 3-acrnidinyl group,
4-acridinyl group, 9-acridinyl group, 1,7-phenanthroline-2-
yl group, 1,7-phenanthroline-3-yl group, 1,7-phenanthro-
line-4-yl group, 1,7-phenanthroline-3-yl group, 1,7-
phenanthroline-6-yl group, 1,7-phenanthroline-8-yl group,
1,7-phenanthroline-9-yl group, 1,7-phenanthroline-10-yl
group, 1.8-phenanthroline-2-yl group, 1,8-phenanthroline-
3-yl group, 1,8-phenanthroline-4-yl group, 1,8-phenanthro-
line-5-yl group, 1,8-phenanthroline-6-yl group, 1,8-
phenanthroline-7-yl group, 1.,8-phenanthroline-9-yl group,
1,8-phenanthroline-10-yl group, 1,9-phenanthroline-2-yl
group, 1,9-phenanthroline-3-yl group, 1,9-phenanthroline-
4-yl group, 1,9-phenanthroline-5-yl group, 1,9-phenanthro-
line-6-yl group, 1,9-phenanthroline-7-yl group, 1,9-
phenanthroline-8-yl group, 1,9-phenanthroline-10-yl group,
1,10-phenanthroline-2-yl group, 1,10-phenanthroline-3-yl
group, 1,10-phenanthroline-4-yl group, 1,10-phenanthro-
line-5-yl group, 2,9-phenanthroline-1-yl group, 2,9-
phenanthroline-3-yl group, 2,9-phenanthroline-4-yl group,
2.9-phenanthroline-3-yl  group, 2,9-phenanthroline-6-yl
group, 2,9-phenanthroline-7-yl group, 2,9-phenanthroline-
8-yl group, 2.,9-phenanthroline-10-yl  group, 2,8-
phenanthroline-1-yl group, 2.8-phenanthroline-3-yl group,
2.8-phenanthroline-4-yl  group, 2,8-phenanthroline-5-yl
group, 2.8-phenanthroline-6-yl group, 2,8-phenanthroline-
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7-yl group, 2,8-phenanthroline-9-yl group, 2,8-phenanthro-
line-10-yl group, 2.,7-phenanthroline-1-yl group, 2,7-
phenanthroline-3-yl group, 2,7-phenanthroline-4-yl group,
2,7-phenanthroline-5-yl  group, 2.7-phenanthroline-6-yl
group, 2,7-phenanthroline-8-yl group, 2,7-phenanthroline-
9-yl group, 2,7-phenanthroline-10-yl group, 1-phenazinyl
group, 2-phenazinyl group, 1-phenothiazinyl group, 2-phe-
nothiazinyl group, 3-phenothiazinyl group, 4-phenothiazi-
nyl group, 10-phenothiazinyl group, 1-phenoxazinyl group,
2-phenoxazinyl group, 3-phenoxazinyl group, 4-phenoxazi-
nyl group, 10-phenoxazinyl group, 2-oxazolyl group, 4-oxa-
zolyl group, 5-oxazolyl group, 2-oxadiazolyl group, S-oxa-
diazolyl group, 3-furazanyl group, 2-thienyl group, 3-thienyl

group, 2-methylpyrrole-1-yl group, 2-methylpyrrole-3-yl
group, 2-methylpyrrole-4-yl group, 2-methylpyrrole-5-yl
group, 3-methylpyrrole-1-yl group, 3-methylpyrrole-2-yl
group, 3-methylpyrrole-4-yl group, 3-methylpyrrole-5-yl

group, 2-t-butylpyrrole-4-yl group, 3-(2-phenylpropyl)pyr-
role-1-yl group, 2-methyl-1-indolyl group, 4-methyl-1-in-
dolyl group, 2-methyl-3-indolyl group, 4-methyl-3-indolyl
group, 2-t-butyl-1-indolyl group, 4-t-butyl-1-indolyl group,
2-t-butyl-3-indolyl  group, 4-t-butyl-3-indolyl  group,
1-dibenzoturanyl group, 2-dibenzofuranyl group, 3-diben-
zoluranyl group, 4-dibenzofuranyl group, 1-dibenzothi-
ophenyl group, 2-dibenzothiophenyl group, 3-dibenzothi-
ophenyl group, 4-dibenzothiophenyl group, 1-silatluorenyl
group, 2-silafluorenyl group, 3-silafluorenyl group, 4-si-
lafluorenyl group, 1-germafluorenyl group, 2-germatiuore-
nyl group, 3-germatluorenyl group and 4-germafluorenyl
group.

The heterocyclic group preferably has 5 to 20 ring atoms,
more preferably 5 to 14 rning atoms. Among the above
heterocyclic group, a 1-dibenzoturanyl group, 2-dibenzo-
turanyl group, 3-dibenzoluranyl group, 4-dibenzofuranyl
group, 1-dibenzothiophenyl group, 2-dibenzothiophenyl
group, 3-dibenzothiophenyl group, 4-dibenzothiophenyl
group, 1-carbazolyl group, 2-carbazolyl group, 3-carbazolyl
group, 4-carbazolyl group, and 9-carbazolyl group are pret-
erable. In 1-carbazolyl group, 2-carbazolyl group, 3-carba-
zolyl group and 4-carbazolyl group, a nitrogen atom at the
ninth position 1s preferably substituted by a substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms or
a substituted or unsubstituted heterocyclic group having 5 to
30 ring atoms.

The alkyl group having 1 to 30 carbon atoms in the
formulae (b-1) to (b-6) may be linear, branched or cyclic.
Examples of the linear or branched alkyl group are a methyl
group, ethyl group, propyl group, 1sopropyl group, n-butyl
group, s-butyl group, 1sobutyl group, t-butyl group, n-pentyl
group, n-hexyl group, n-heptyl group, n-octyl group,
n-nonyl group, n-decyl group, n-undecyl group, n-dodecyl
group, n-tridecyl group, n-tetradecyl group, n-pentadecyl
group, n-hexadecyl group, n-heptadecyl group, n-octadecyl
group, neopentyl group, 1-methylpentyl group, 2-methyl-
pentyl group, 1-pentylhexyl group, 1-butylpentyl group,
1-heptyloctyl group, 3-methylpentyl group, hydroxymethyl
group, 1-hydroxyethyl group, 2-hydroxyethyl group, 2-hy-
droxyisobutyl group, 1,2-dihydroxyethyl group, 1,3-dihy-
droxyisopropyl group, 2,3-dihydroxy-t-butyl group, 1,2,3-
trihydroxypropyl group, chloromethyl group, 1-chloroethyl
group, 2-chloroethyl group, 2-chloroisobutyl group, 1,2-
dichloroethyl group, 1,3-dichloroisopropyl group, 2,3-di-
chloro-t-butyl group, 1,2,3-trichloropropyl group, bromom-
cthyl group, 1-bromoethyl group, 2-bromoethyl group,
2-bromoisobutyl group, 1,2-dibromoethyl group, 1,3-dibro-
moisopropyl group, 2,3-dibromo-t-butyl group, 1,2,3-tribro-
mopropyl group, 1odomethyl group, 1-10doethyl group, 2-10-
doethyl group, 2-10doisobutyl group, 1,2-diiodoethyl group,
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1,3-diiodoisopropyl group, 2,3-diiodo-t-butyl group, 1,2,3-
triiodopropyl group, aminomethyl group, 1-aminoethyl
group, 2-aminoethyl group, 2-aminoisobutyl group, 1,2-
diaminoethyl group, 1,3-diaminoisopropyl group, 2,3-di-
amino-t-butyl group, 1,2,3-triaminopropyl group, cyanom-
cthyl group, 1-cyanoethyl group, 2-cyanoethyl group,
2-cyanoisobutyl group, 1,2-dicyanoethyl group, 1,3-dicya-
noisopropyl group, 2,3-dicyano-t-butyl group, 1,2,3-tricya-
nopropyl group, nitromethyl group, 1-nitroethyl group, 2-ni-
troethyl group, 1,2-dinitroethyl group, 2,3-dinitro-t-butyl
group, and 1,2,3-trinitropropyl group.

Examples of the cyclic alkyl group (cycloalkyl group) are
a cyclopropyl group, cyclobutyl group, cyclopentyl group,
cyclohexyl group, 4-methylcyclohexyl group, 3,5-tetram-
cthylcyclohexyl group, cycloheptyl group, cyclooctyl group,
1 -adamantyl group, 2-adamantyl group, 1-norbornyl group
and 2-norbornyl group.
The linear or branched alkyl group preferably has 1 to 10
carbon atoms, more preferably 1 to 6 carbon atoms. Among

the linear or branched alkyl group, a methyl group, ethyl
group, propyl group, 1sopropyl group, n-butyl group, s-butyl
group, isobutyl group, t-butyl group, n-pentyl group and
n-hexyl group are preferable.

The cycloalkyl group preferably has 3 to 10 ring carbon
atoms, more preferably 5 to 8 ring carbon atoms. Among the
cycloalkyl group, a cyclopentyl group and a cyclohexyl
group are prelerable.

A halogenated alkyl group provided by substituting the
alkyl group with a halogen atom 1s exemplified by a halo-
genated alkyl group provided by substituting the alkyl group
having 1 to 30 carbon atoms with one or more halogen
groups. Specific examples of the halogenated alkyl group
are a fluoromethyl group, difluoromethyl group, trifluorom-
cthyl group, fluoroethyl group and trifluoromethylmethyl
group.

In the formula (1), L 1s preferably single bond or a
divalent group derived from any one of a phenyl group,
biphenyl group, terphenyl group and triphenyvlenyl group.
With the use of the above L, the electron orbits of LUMO
and HOMO of a compound can be localized so as not to be
overlapped with each other.

Further, in the compound represented by the above for-
mula (1), 1n order to localize (i.e. not to overlap) the electron
orbits of LUMO and HOMO, the A and B 1n the above
formula (1) preferably have no fused aromatic hydrocarbon
as a partial structure thereof.

When R 15 a group derived from a substituted or unsub-
stituted aryl group having 6 to 30 ring carbon atoms in the
formula (b-1) to (b-6), R 1s preferably a phenyl group, a
biphenyl group, a terphenyl group or a triphenylenyl group.

In the organic ELL device according to the above exem-
plary embodiment, B 1n the above formula (1) 1s preferably
represented by any one of formulae (2), (3), (4), (5) and (6)
below.

(2)

R/ R® RS
R2 X! R’
\ \
-~ /
R’ (LY, R®
R4 R>

In the formula (2), R' to R” each independently represent:
a hydrogen atom;
a substituted or unsubstituted aryl group having 6 to 30

ring carbon atoms;
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a substituted or unsubstituted heterocyclic group having 5
to 30 ring atoms;

a substituted or unsubstituted alkyl group having 1 to 30
carbon atoms;

a substituted or unsubstituted alkylsilyl group having 3 to
30 carbon atoms;

a substituted or unsubstituted arylsilyl group having 6 to
60 ring carbon atoms;

a substituted or unsubstituted alkoxy group having 1 to 30
carbon atoms:

a substituted or unsubstituted aryloxy group having 6 to
30 ring carbon atoms;

a substituted or unsubstituted alkylamino group having 2
to 30 carbon atoms:

a substituted or unsubstituted arylamino group having 6 to
60 ring carbon atoms;

a substituted or unsubstituted alkylthio group having 1 to
30 carbon atoms; or

a substituted or unsubstituted arylthio group having 6 to
30 ring carbon atoms.

In the above, at least one of the combinations of R! and
R*, R*and R, R® and R*, R° and R°, R°® and R’, R’ and R®,
R® and R” and R” and R' may form a saturated or unsaturated
cyclic structure.

L' is a linking group selected from the formulae (21) to
(277) below.

nl represents an integer in a range from 1 to 3. A plurality
of L' are mutually the same or different when nl is 2 or 3.

X" is a linking group selected from the formulae (41) to

(45) below.

(21)

PN
22)
PN
(23)
Rlﬂl
|
N
N
(24)
R]Ul R]Ul
25)
RlUl Rlﬂl
26)
R]Ul RJDI
Rlﬂl / \ Rlﬂl
27)
R]Ul R]Ul
\ /
PN

In the formulae (23) to (27), R'°" are the same as R* to R’
in the formula (2).

In the formula (2), one of R' to R” or R'®" is a single bond
to be bonded to L.

When a plurality of R'°! are present, the plurality of R'!
are mutually the same or diflerent.
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) 41)
PN
S (42)
PN
(43)
]TI
N
(44)
R)Ii
(45)
R* R*
\S/
N

In the above formulae (43) to (45), R* represents:
a hydrogen atom:;

a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms;

a substituted or unsubstituted heterocyclic group having 5
to 30 ring atoms, or

a substituted or unsubstituted alkyl group having 1 to 30
carbon atoms.

When a plurality of R* are present, the plurality of R* are
mutually the same or diflerent.

The compound represented by the formula (2) may alter-
natively be represented by any one of the following formu-

lae (2a) to (2¢):

(2a)

S

X! N
K\/ \/\A —— R

m1(R )_v\}{l/‘ = Xl/‘\/

In the above formula (2a), R'? is the same as R' to R” in the
formula (2).

ml and m3 represent an integer 1n a range irom 0 to 4. m2
represents an integer 1n a range from 0 to 2.

Terent.

Plural R'® may be mutually the same or di

X' is a linking group selected from the above formulae
(41) to (45).

Plural X' may be mutually the same or di

In the formula (2a), one of R' and R* in the above
tformulae (43) to (45) 1s a single bond to be bonded to L.

Terent.

(20)
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L R! R’ R® (2b)
R2 )& R’
R’ (LY R®
R4 RS ]

In the formula (2b), R' to R”, L' and nl are the same as R’
to R”, L' and nl in the above formula (2).

(20
(R10),
]
I/\/X MA
i (RI)— |
\/\}G /\Xl
1
X\ A

A (R1),4

N

In the above formula (2¢), R'? is the same as R' to R” in the
formula (2).

m4 and m6 represent an integer in a range from O to 4. m5
represents an integer 1n a range from 0 to 2.

Terent.

Plural R'® may be mutually the same or di

X' is a linking group selected from the above formulae
(41) to (45).
Plural X' may be mutually the same or different.

(3)

RZZ R23

In the above formula (3), R*' to R** represent the same as R*
to R” in the formula (2).

One of the combinations of R*! and R**, R** and R*>, and
R*® and R** may form a saturated or unsaturated cyclic

structure.

X' is a linking group selected from the above formulae
(41) to (43).

In the above formula (3), one of R*" to R** and R* is a
single bond to be bonded to L.)

(4)

In the above formula (4), R*> to R?" represent the same as R*
to R” in the formula (2).
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One of the combinations of R*> and R*°, R*” and R*®, R*®
and R*%, and R*” and R*° may form a saturated or unsatu-

rated cyclic structure.

X" is a linking group selected from the above formulae
(41) to (45).

In the above formula (4), one of R* to R°® and R” is a
single bond to be bonded to L.

()

R34 R3 5

Xl

R 33 / \ / \ R 36

R32 R3 7

R3 1 R38

In the above formula (5), R*" to R*® represent the same as R

to R” in the formula (2).
One of the combinations of R°! and R**, R** and R*°, R*"

and R*>*, and R*>> and R*°, R°° and R*’, and R’ and R”® may

form a saturated or unsaturated cyclic structure.

X' is a linking group selected from the above formulae
(41) to (45).

In the above formula (5), one of R*' to R°® and R* is a
single bond to be bonded to L.

At least one of R*' to R’® in the above formula (5) is
preferably represented by a formula (51) below.

(51)
]

(R, X R39)
2%
S
...-----"""L61 g e

In the above formula (51), R*” represents the same as R' to
R” in the formula (2).

r represents an integer 1 a range from 0 to 3; and S
represents an integer 1 a range from 0O to 4.

Plural R*>” may be mutually the same or different.

X' is a linking group selected from the above formulae
(41) to (45).

[°' represents a single bond or a linking group;
Examples of the linking group are as follows:

a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms;

a substituted or unsubstituted heterocyclic group having 3
to 30 ring atoms, or

a group dertved from a group formed by mutually bond-
ing two to five of the substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms and/or the substituted or
unsubstituted heterocyclic group having 5 to 30 ring atoms.
The mutually bonded groups are the same or different.

(Z7),—Ar"— (6)

(6)
(Zb)r_ Ar®—

In the above formula (6), Ar® represents a single bond, or a
substituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms.
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[Zb] Z” represents:

a substituted or unsubstituted tertiary alkyl group having
4 to 30 carbon atoms;

a substituted or unsubstituted alkylsilyl group having 3 to
30 carbon atoms;

a substituted or unsubstituted arylsilyl group having 6 to
60 ring carbon atoms;

a substituted or unsubstituted alkoxy group having 1 to 30
carbon atoms;

a substituted or unsubstituted aryloxy group having 6 to
30 ring carbon atoms;

a substituted or unsubstituted alkylamino group having 2
to 60 carbon atoms:

a substituted or unsubstituted [acylamino] arylamino
group having 6 to 60 ring carbon atoms;

a substituted or unsubstituted alkylthio group having 1 to
30 carbon atoms; or

a substituted or unsubstituted arylthio group having 6 to
30 ring carbon atoms.

r 1s an imteger in a range from 1 to 5 representing the
number of a substituent(s) of Z” directly bonded to [A”] 47,
a plurality of Z” being mutually the same or different when
r 1s 2 or more.

The aryl group having 6 to 30 ring carbon atoms and
heterocyclic group having 5 to 30 ring carbon atoms in the
formulae (2) to (6) and (51) may be the group explained with
reference to the above formulae (1) and (b-1) to (b-6).

The alkyl group having 1 to 30 carbon atoms in the
tormulae (2) to (5) and (51) may be the group explained with
reference to the above formulae (1) and (b-1) to (b-6).

The tertiary alkyl group having 4 to 30 carbon atoms in
the formula (6) may be the tertiary alkyl group in the groups
explained with reference to the above formulae (1) and (b-1)
to (b-6).

The alkylsilyl group having 3 to 60 carbon atoms 1n the
formulae (2) to (6) 1s exemplified by a trialkylsilyl group
having the examples of the alkyl group having 1 to 30
carbon atoms. Specific examples of the alkylsilyl group are
a trimethylsilyl group, triethylsilyl group, tri-n-butylsilyl
group, tri-n-octylsilyl group, tritssobutylsilyl group, dimethy-
lethylsilyl group, dimethylisopropylsilyl group, dimethyl-n-
propylsilyl group, dimethyl-n-butylsilyl group, dimethyl-t-
butylsilyl group, diethylisopropylsilyl group,
vinyldimethylsilyl group, propyldimethylsilyl group and tri-
1sopropylsilyl group. Three alkyl groups may be the same or
different.

Examples of the arylsilyl group having 6 to 60 ring carbon
atoms are a dialkylarylsilyl group, alkyldiarylsilyl group and
triarylsilyl group.

The dialkylarylsilyl group 1s exemplified by a dialkylar-
ylsilyl group having two of the examples of the alkyl group
having 1 to 30 carbon atoms and one of the aryl group
having 6 to 30 ring carbon atoms. The dialkylarylsilyl group
preferably has 8 to 30 carbon atoms. Two alkyl groups may
be the same or different.

The alkyldiarylsilyl group 1s exemplified by an alkyldiar-
ylsilyl group having one of the examples of the alkyl group
having 1 to 30 carbon atoms and two of the aryl group
having 6 to 30 ring carbon atoms. The dialkylarylsilyl group
preferably has 13 to 30 carbon atoms. Two aryl groups may
be the same or different.

The triarylsilyl group 1s exemplified by a tniarylsilyl group
having three of the aryl group having 6 to 30 ring carbon
atoms. The tnarylsilyl group preferably has 18 to 30 carbon
atoms. Three aryl groups may be the same or different.
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Examples of the above arylsilyl group are a phenyldim-
cthylsilyl group, a diphenylmethylsilyl group, a diphenyl-t-
butylsilyl group and a triphenylsilyl group.

The alkoxy group having 1 to 30 carbon atoms 1s repre-
sented by —OR . R, 1s exemplified by the above alkyl
group having 1 to 30 carbon atoms. As the above alkoxy
group, an alkoxy group having 1 to 6 carbon atoms 1is
preferable and specific examples therecol are a methoxy
group, ethoxy group, propoxy group, butoxy group, penty-
loxy group, and hexyloxy group.

A halogenated alkoxy group provided by substituting the
alkoxy group with a halogen atom 1s exemplified by a
halogenated alkoxy group provided by substituting the
alkoxy group having 1 to 30 carbon atoms with one or more
halogen groups.

The aryloxy group having 6 to 30 ring carbon atoms 1s
represented by —OR ;. R ;.15 exemplified by the above aryl
group having 6 to 30 ring carbon atoms. The aryloxy group
1s exemplified by a phenoxy group.

The alkylamino group having 2 to 60 carbon atoms 1s
represented by —NHR ;- or —N(R ;),. R;-1s exemplified by
the alkyl group having 1 to 30 carbon atoms.

The arylamino group having 6 to 60 ring carbon atoms 1s
represented by [NH,R, or —NH(R;),] —NHR, or
—N(R;),. Ry-15 exemplified by the above aryl group having
6 to 30 ring carbon atoms.

The alkylthio group having 1 to 30 carbon atoms 1s
represented by —SR ;. R;-1s exemplified by the alkyl group
having 1 to 30 carbon atoms.

The arylthio group having 6 to 30 ring carbon atoms 1s
represented by —SR ;. R;;-1s exemplified by the above aryl
group having 6 to 30 ring carbon atoms.

In the above formulae (2) to (6) and (51), when R" to R”,
R'" to R", R*' to R**, R'™!, R*"', R*, R* to R°" and R>! to
R>® are a substituted or unsubstituted aryl group having 6 to
30 ring carbon atoms, Ar” and R, are preferably a phenyl
group, a biphenyl group, a terphenyl group or a triphenyle-
nyl group 1n order to localize (1.€. not to overlap) the electron
orbits of LUMO and HOMO of the compound represented

by the above formula (1).

B 1n the above formula (1) may be represented by a
formula (3a) below.

3

1 1
NYTNTN
(RI)— | RO

|
N N N N

In the above formula (3a), R'? is the same as R" to R” in the
formula (2).

m7 and m8 represent an integer in a range ifrom 0 to 4.

Terent.

Plural R'® may be mutually the same or di

X' is a linking group selected from the above formulae
(41) to (45).

Plural X' may be mutually the same or di

Terent.

In the organic ELL device according to the above exem-
plary embodiment, A in the above formula (1) 1s preferably
represented by one of formulae (8), (9), (10), (11), (12), (13)
and (14) below.
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(8)

Ylf \\\\ Yl

| |

Y =Y
Yl

In the formula (8), two to four of Y' are a nitrogen atom, one
of Y' is a carbon atom bonded to L and the rest of Y is CR”.

When the formula (8) includes a plurality of R, the
plurality of R” independently represent: a hydrogen atom; a
fluorine atom; a cyano group; a nitro group; a substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms;
a substituted or unsubstituted heterocyclic group having 5 to
30 ring atoms; a substituted or unsubstituted alkyl group
having 1 to 30 carbon atoms; a substituted or unsubstituted
alkylcarbonyl group having 1 to 30 carbon atoms; a substi-
tuted or unsubstituted arylcarbonyl group having 6 to 30
carbon atoms; a substituted or unsubstituted alkylsulfinyl
group having 1 to 30 carbon atoms; a substituted or unsub-
stituted arylsulfinyl group having 6 to 30 ring carbon atoms;
a substituted or unsubstituted alkylphosphinyl group having
2 to 60 carbon atoms; a substituted or unsubstituted
arylphosphinyl group having 6 to 60 ring carbon atoms; a
substituted or unsubstituted alkylsulphonyl group having 1
to 30 carbon atoms; a substituted or unsubstituted arylsul-
phonyl group having 6 to 30 ring carbon atoms; a substituted
or unsubstituted alkylsilyl group having 3 to 60 carbon
atoms; a substituted or unsubstituted arylsilyl group having
8 to 60 ring carbon atoms; a substituted or unsubstituted
alkoxy group having 1 to 30 carbon atoms; or a substituted
or unsubstituted aryloxy group having 6 to 30 ring carbon
atoms.

Adjacent two Y' may form a saturated or unsaturated
cyclic structure when the adjacent two Y' are CR”.

()

In the above formula (9), Y is the same as the other Y' in
the formula (8).

(10)

(11)

(12)

In the above formulae (10), (11) and (12), Y represents the
same as the other Y' in the formula (8).
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X is a linking group selected from the formulae (41) to
(45) below.

(41)

PN
S (42)
PN
(43)
]TI
N
(44)
;{ix
(45)
R* R*
\S/
N

In the above formulae (43) to (45), R independently rep-
resents: a hydrogen atom, a substituted or unsubstituted aryl
group having 6 to 30 carbon atoms, a substituted or unsub-
stituted heterocyclic group having 5 to 30 ring atoms and a
substituted or unsubstituted alkyl group having 1 to 30
carbon atoms.

When a plurality of R* are present, the plurality of R* are
mutually the same or different.

(13)

R43 R46

R44 R45

In the above formula (13),

one of R*" to R* is a single bond to be bonded to L.

The rest of R*" to R*® represent the same as R* in the
above formula (8).

L* is a linking group selected from the formulae (131) to
(136) below.

p represents an integer i a range ifrom 1 to 3. The

plurality of L* are mutually the same or different when p is
2 or 3.

(131)

(132)

(133)

(134)
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(135)
R301 R3Ul
(136)
R301 RBU]
RBD] R301

In the above formulae (133) to (136),
R3“! independently represents: a hydrogen atom, a substi-
tuted or unsubstituted aryl group having 6 to 30 ring carbon
atoms, a substituted or unsubstituted heterocyclic group
having to 30 ring atoms and a substituted or unsubstituted
alkyl group having 1 to 30 carbon atoms.

When a plurality of R*°" are present, the plurality of R>"
are mutually the same or diflerent.

(14)

In the above formula (14), Ar” represents: a substituted or
unsubstituted aryl group having 6 to 30 ring carbon atoms,
or a substituted or unsubstituted heterocyclic group having
5> to 30 ring atoms.

/r” represents one of: a fluorine atom; a cyano group; a
nitro group; a substituted or unsubstituted alkylcarbonyl
group having 1 to 20 carbon atoms; a substituted or unsub-
stituted arylcarbonyl group having 6 to 30 ring carbon
atoms; a substituted or unsubstituted alkylsulfinyl group
having 1 to 20 carbon atoms; a substituted or unsubstituted
arylsulfinyl group having 6 to 30 ring carbon atoms; a
substituted or unsubstituted alkylphosphinyl group having 2
to 60 carbon atoms; a substituted or unsubstituted arylphos-
phinyl group having 6 to 60 ring carbon atoms; a substituted
or unsubstituted alkylsulphonyl group having 1 to 30 carbon
atoms; and a substituted or unsubstituted arylsulphonyl
group having 6 to 30 ring carbon atoms.

g 1s an integer 1 a range ifrom 1 to 5 representing the
number of a substituent(s) of Z“ directly bonded to Ar”,

a plurality of Z“ being mutually the same or different when
g 1s 2 or more.

The aryl group having 6 to 30 ring carbon atoms, the
heterocyclic group having 5 to 30 ring atoms, the alkyl
group having 1 to 30 carbon atoms, the alkylsilyl group
having 3 to 60 carbon atoms, the arylsilyl group having 8 to
30 ring carbon atoms, the alkoxy group having 1 to 30
carbon atoms and the aryloxy group having 6 to 30 ring
carbon atoms 1n the formulae (8) to (14) may be the groups
explained with reference to the above formulae (1), (b-1) to
(b-2) and (2) to (6).

The alkylcarbonyl group having 1 to 30 carbon atoms 1s

represented by —COOR ;.

The arylcarbonyl group having 6 to 30 ring carbon atoms
1s represented by —COOR ..

The alkylsulphinyl group having 1 to 30 carbon atoms 1s
represented by —S(—O)R ;..

The arylsulphinyl group having 6 to 30 ring carbon atoms
1s represented by —S(—0O)R ;;.
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The alkylphosphinyl group having 2 to 40 carbon atoms
1s represented by —P(—O)HR ;. or —P(=—0)(R,),.

The arylphosphinyl group having 6 to 30 ring carbon
atoms 1s represented by —P(—O)HR ;;, or —P(—0O)(R ;;,)-.

The alkylsulphonyl group having 1 to 30 carbon atoms 1s
represented by —S(=—0),R ;..

The arylsulphonyl group having 6 to 30 ring carbon atoms
1s represented by —S(—0),R .

In the above groups, R;-1s exemplified by the alkyl group
having 1 to 30 carbon atoms. R ;;-1s exemplified by the above
aryl group having 6 to 30 ring carbon atoms. The aryl group
having 6 to 30 ring carbon atoms are preferably a phenyl
group, a biphenyl group, a terphenyl group and a triphenyle-
nyl group.

As the first material represented by the above formula (1),
since the first material 1s a compound in which a donor
clement 1s bonded to an acceptor element 1n a molecule, the

first material 1s preferably a biscarbazole derivative repre-
sented by the following formula (101).

(101)

A
|
Lj
|
Y N Y
Y\{ “H{ 7// lg‘i’]?
\ / Yz"rf"Yzz 123 Y4
YBHY]/a]./ \Yl';_;:Ylﬁ : \ / \
oy >\\ Y
N 74
Y9 Yos
|
Lo
|
Aj

In the above formula (101), A, and A, each independently
represent:

a hydrogen atom:;

a halogen atom:;

a cyano group,

a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms;

a substituted or unsubstituted heterocyclic group having 3
to 30 ring atoms;

a substituted or unsubstituted alkyl group having 1 to 30
carbon atoms;

a substituted or unsubstituted alkoxy group having 1 to 30
carbon atoms;

a substituted or unsubstituted aralkyl group having 7 to 30
carbon atoms;

a substituted or unsubstituted aryloxy group having 6 to
30 ring carbon atoms;

a substituted or unsubstituted alkylsilyl group having 3 to
60 carbon atoms; or

a substituted or unsubstituted arylsilyl group having 8 to
30 ring carbon atoms.

However, 1t 1s preferable that at least one of A, and A, 1s
a cyano group.
In the above formula (101), Y,, to Y,, and Y,; to Y,
independently represent C(R) or a nitrogen atom. Y, to Y, 4
independently represent C(R), a nitrogen atom or a carbon
atom to be bonded to one of Y, t0 Y,,. Y, tO Y,,
independently represent C(R), a nitrogen atom or a carbon
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atom to be bonded to one of Y, to Y,;. R independently
represent a hydrogen atom or a substituent. When R 1s a
substituent, the substituent of R 1s the same as the substituent
of the above A, and A, when A, and A, are substituted.

L., and L, 1n the above formula (101) each independently
represent a single bond, a substituted or unsubstituted diva-
lent aromatic hydrocarbon group having 6 to 30 ring carbon
atoms, a substituted or unsubstituted divalent heterocyclic
group having 5 to 30 ring atoms, or a group formed by
bonding the above divalent aromatic hydrocarbon group and
the above divalent heterocyclic group.

At least one of L, and L, 1s preferably represented by a
formula (a) below.

(a)

In the above formula (a), Y, to Y, each independently
represent C(R ), a nitrogen atom or a carbon atom to be
bonded to L;, R each representing a hydrogen atom or a
substituent. When R 1s a substituent, the substituent of R 1s
the same as the substituent of the above A, and A, when A,
and A, are substituted.

In the above formula (a), L, and L, each independently
represent:

a single bond;

a substituted or unsubstituted divalent aromatic hydrocar-
bon group having 6 to 30 ring carbon atoms;

a substituted or unsubstituted divalent heterocyclic group
having 5 to 30 ring atoms; or

a group formed by bonding the above divalent aromatic
hydrocarbon group and the divalent heterocyclic group.

In the above formula (101), the aryl group having 6 to 30
ring carbon atoms, the heterocyclic group having 5 to 30
ring atoms, the alkyl group having 1 to 30 carbon atoms, the
alkoxy group having 1 to 30 carbon atoms, the aryloxy
group having 6 to 30 ring carbon atoms, the alkylsilyl group
having 3 to 60 carbon atoms and the arylsilyl group having
8 to 30 ring carbon atoms may be the groups explained with
reference to the above formulae (1), (b-1) to (b-2) and (2) to
(6).

The aralkyl group having 7 to 30 carbon atoms in the
formula (101) may be the aralkyl group having 7 to 30
carbon atoms to be explained 1n a formula (20) below.

The divalent aromatic hydrocarbon group in the formula
(a) may be a divalent group derived from an aryl group 1n the
formulae (1) and (b-1) to (b-6). The divalent heterocyclic
group having 5 to 30 ring atoms 1n the formula (a) may be
a divalent group derived from a heterocyclic group 1n the
formulae (1) and (b-1) to (b-6).

The compound represented by the formula (1) 1s espe-
cially preferably a compound 1n which A 1s represented by
the above formula (14), B i1s represented by the above
formula (2) and L 1s a substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms. Further, L 1s preferably a
phenylene group.
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In the nvention, “carbon atoms forming a ring (ring
carbon atoms)” mean carbon atoms forming a saturated ring,
unsaturated ring, or aromatic ring. “Atoms forming a ring
(ring atoms)” mean carbon atoms and hetero atoms forming,
a hetero ring including a saturated ring, unsaturated ring, or
aromatic ring.

Examples of the substituent meant by “substituted or
unsubstituted” are the above-described aryl group, hetero-
cyclic group, alkyl group (linear or branched alkyl group,
cycloalkyl group and halogenated alkyl group), alkenyl
group, alkynyl group, alkylsilyl group, arylsilyl group,
alkoxy group, halogenated alkoxy group, aralkyl group,
aryloxy group, halogen atom, cyano group, hydroxyl group,
nitro group and carboxy group. In the above-described
substituents, the aryl group, heterocyclic group, alkyl group,
halogen atom, alkylsilyl group, arylsilyl group and cyano
group are prelerable. The preferable ones of the specific
examples of each substituent are further preferable. “Unsub-
stituted” 1n “substituted or unsubstituted” means that a group
1s not substituted by the above-described substituents but
bonded with a hydrogen atom.

In a later-described compound or a partial structure
thereof, the same applies to a substituent when being “sub-
stituted or unsubstituted.”

In the imvention, a “hydrogen atom” means isotopes
having different neutron numbers and specifically encom-
passes protium, deuterium and tritium.

Dopant Material

In this exemplary embodiment, the fluorescent dopant
maternal 1s used as the dopant material of the emitting layer
as described above.

Known fluorescent materials are usable as the fluorescent
dopant material. Examples of the fluorescent dopant mate-
rial include a bisarylamino naphthalene derivative, an aryl-
substituted naphthalene derivative, a bisarylamino anthra-
cene derivative, an aryl-substituted anthracene derivative, a
bisarylamino pyrene derivative, an aryl-substituted pyrene
derivative, a bisarylamino chrysene derivative, an aryl-

substituted chrysene derivative, a bisarylamino fluoranthene
derivative, an aryl-substituted fluoranthene derivative, an
indenoperylene derivative, a pyrromethene boron complex
compound, a compound having a pyrromethene skeleton or
a metal complex thereol, a diketopyrrolopyrrole derivative,
and a perylene derivative.

In the above dopant material, a dopant material repre-
sented by a formula (20) below 1s especially preferable.

(20)
Arl Aty
\ /
N— Arg—N
Arz/ \Ar3

In the above formula (20):

Ar, 1s a substituted or unsubstituted divalent fused aro-
matic hydrocarbon group having 10 to 50 ring carbon atoms;
and

Ar, to Ar, each independently represent:

a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms;

a substituted or unsubstituted heterocyclic group having 5
to 30 ring atoms;

a substituted or unsubstituted alkyl group having 6 to 30
carbon atoms; or
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a substituted or unsubstituted aralkyl group having 7 to 50
carbon atoms.

Examples of the divalent fused aromatic hydrocarbon
group having 10 to 50 ring carbon atoms in the above
formula (20) are naphtylene group, anthracenylene group,
phenanthrylene group, chrysenylene group, pyrenylene
group, benzanthracenylene group, fluoranthenylene group,
benzotluoranthenylene group, pervlenylene group, corone-
nylene group, picenylene group, diphenylanthracenylene
group, fluorenylene group, triphenylylene group, rubice-
nylene group, phenylanthracenylene group, bisanthrace-
nylene group, dianthracenylbenzynylene group and diben-
zoanthracenylene group. Among the above, naphtylene
group, anthracenylene group, phenanthrylene group, chry-
senylene group, pyrenylene group and benzoanthracenylene
group are prelerable.

The aryl group having 6 to 30 carbon atoms, the hetero-
cyclic group having 5 to 30 ring carbon atoms and the alkyl
group having 6 to 30 carbon atoms in the formula (20) may
be the group explained with reference to the above formulae
(1) and (b-1) to (b-6).

The aralkyl group having 7 to 30 carbon atoms in the
formula (20) 1s represented by -Rv-Rw. Rv 1s exemplified by
an alkylene group corresponding to the alkyl group having
1 to 30 carbon atoms. Rw 1s exemplified by the examples of
the above aryl group having 6 to 30 ring carbon atoms. This
aralkyl group 1s preferably an aralkyl group having 7 to 30
carbon atoms, 1n which an aryl moiety has 6 to 30 carbon
atoms, preferably 6 to 20 carbon atoms, more preferably 6
to 12 carbon atoms, and an alkyl moiety has 1 to 30 carbon
atoms, preferably 1 to 20 carbon atoms, more preferably 1
to 10 carbon atoms, further preferably 1 to 6 carbon atoms.
Examples of the aralkyl group are a benzyl group, 2-phe-
nylpropane-2-yl group, 1-phenylethyl group, 2-phenylethyl
group, 1-phenylisopropyl group, 2-phenylisopropyl group,
phenyl-t-butyl group, c-naphthylmethyl group, 1-c-naph-
thylethyl group, 2-a.-naphthylethyl group, 1-a-naphthyliso-
propyl group, 2-a-naphthylisopropyl group, a-naphthylm-
cthyl group, 1-a-naphthylethyl group, 2-c-naphthylethyl
group, 1-a-naphthylisopropyl group, 2-a-naphthylisopropyl
group, 1-pyrorylmethyl group, 2-(1-pyroryl)ethyl group,
p-methylbenzyl group, m-methylbenzyl group, o-methyl-
benzyl group, p-chlorobenzyl group, m-chlorobenzyl group,
o-chlorobenzyl group, p-bromobenzyl group, m-bromoben-
zyl group, o-bromobenzyl group, p-iodobenzyl group, m-10-
dobenzyl group, o-iodobenzyl group, p-hydroxybenzyl
group, m-hydroxybenzyl group, o-hydroxybenzyl group.,
p-aminobenzyl group, m-aminobenzyl group, o-aminoben-
zyl group, p-nitrobenzyl group, m-nitrobenzyl group, o-ni-
trobenzyl group, p-cyanobenzyl group, m-cyanobenzyl
group, o-cyanobenzyl group, 1-hydroxy-2-phenylisopropyl
group and 1-chloro-2-phenylisopropyl group.

At least one of Ar, to Ar, in the above formula (20) 1s
preferably represented by a formula (21) below,

(21)

] N
/
(R);

"'Iliq._---

In the above formula (21):

n represents an integer 1n a range from O to 3, m represents
an integer 1n a range from O to 5 and 1 represents an integer
in a range from 0 to 7;
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X represents an oxygen atom, a sultur atom or a selenium
atom;

Ar 15 a substituted or unsubstituted arylene group having
6 to 30 ring carbon atoms;

R represents a halogen atom, a cyano group, a nitro group,
a hydroxyl group, a silyl group, a carboxyl group, a substi-
tuted or unsubstituted aryl group having 6 to 30 ring carbon
atoms, a substituted or unsubstituted alkyl group having 1 to
30 carbon atoms, a substituted or unsubstituted alkylamino
group having 1 to 30 carbon atoms, a substituted or unsub-
stituted arylamino group having 6 to 60 ring carbon atoms,
a substituted or unsubstituted alkoxy group having 1 to 30
carbon atoms, a substituted or unsubstituted aryloxy group
having 6 to 30 ring carbon atoms, a substituted or unsub-
stituted arylthio group having 6 to 30 ring carbon atoms, or
a substituted or unsubstituted alkoxycarbonyl group having
1 to 30 carbon atoms; a plurality of Ar and R are mutually
the same or different when n, m and 1 are 2 or more; and
when plural R are present, the plural R may bond to each
other to form a saturated or unsaturated five-membered or
six-membered ring structure that may be substituted.

In the above formula (21), the aryl group having 6 to 30
ring carbon atoms, the alkyl group having 1 to 30 carbon
atoms, the alkylamino group having 1 to 30 carbon atoms,
the arylamino group having 6 to 60 ring carbon atoms, the
alkoxy group having 1 to 30 carbon atoms, the arvloxy
group having 6 to 30 ring carbon atoms and the arylthio
group having 6 to 30 ring carbon atoms may be the groups
explained with reference to the above formulae (2) to (6) and
(51).

The alkoxycarbonyl group having 1 to 30 carbon atoms 1s
represented by —COORv. Examples of Rv are the same as
the examples of the alkyl group having 1 to 30 carbon atoms.

The thickness of the emitting layer 1s preferably 1n a range
from 5 nm to 50 nm, more preferably from 7 nm to 50 nm,
the most preferably from 10 nm to 50 nm. The thickness of
less than 5 nm may cause difliculty in forming the emitting
layer and 1n controlling chromaticity, while the thickness of
more than 50 nm may raise drive voltage.

In the emaitting layer, a ratio of the host material and the
fluorescent dopant material 1s preferably 1n a range of 99:1
to 50:50 at a mass ratio.

Further, the above-described host material and the dopant
maternal are preferably a compound satisiying the following
specific conditions. The specific conditions will be described
below.

It 1s preferable that singlet energy EgS(H) of the host
material and singlet energy EgS(D) of the dopant material
satisly the relationship according to the following numerical
formula (1) and the difference AST(H) of the host material
between the singlet energy EgS(H) and an energy gap
Eg . .(H) at 77K satisfies the relationship according to the
tollowing numerical formula (2).

EgS(H)>EgS(D) (1)

AST(H)=EgS(H)-Eg., (H)<0.3 [eV] (2)

Further, a difference AT between the energy gap Eg-- . (H)
at 77K of the host material and an energy gap Eg-- (1) at
77K of the dopant maternial satisfies a relationship of the
following numerical formula (3).

AT=Eg77x(H)-Eg77x(D)=0.6 [eV]

AST
The organic EL device emits light at a high efliciency 1n
a high current density area by using a compound having a

(3)
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small energy gap (AST) between singlet energy EgS and
triplet energy EgT as the host matenial. The AST(H) refers
to AST of the host materal.

From quantum chemical viewpoint, decrease in the
energy diflerence (AST) between the singlet energy EgS and
the triplet energy Eg1 can be achieved by a small exchange
interaction therebetween. Physical details of the relationship
between AST and the exchange interaction are exemplarily
described in the following:

Literature 5: Organic ELL Symposium, proceeding for the
tenth meeting edited by Chihaya Adachi et al., S2-5, pp.
11-12; and

Literature 6: Organic Photochemical Reaction Theory

edited by Katsumi Tokumaru, Tokyo Kagaku Dojin Co., Ltd.
(1973).
Such a material can be synthesized according to molecular
design based on quantum calculation. Specifically, the mate-
rial 1s a compound 1n which a LUMO electron orbit and a
HOMO electron orbit are localized to avoid overlapping.

Examples of the compound having a small AST, which 1s
used as the host matenal 1n the exemplary embodiment, are
compounds i which a donor element 1s bonded to an
acceptor element in a molecule and AST 1s 1n a range of O
eV or more and less than 0.3 €V 1n terms of electrochemical
stability (oxidation-reduction stability).

A more preferable compound 1s such a compound that
dipoles formed in the excited state of a molecule interact
with each other to form an aggregate having a reduced
exchange interaction energy. According to analysis by the
inventors, the dipoles are oriented substantially 1n the same
direction in the compound, so that AST can be further
reduced by the interaction of the molecules. In such a case,
AST can be extremely small 1n a range of 0 €V to 0.2 V.
Aggaregate

Decrease in the energy gap (AST) between the singlet
energy EgS and the triplet energy Eg'T can also be achieved
by aggregate formation. Herein, the aggregate does not
reflect an electronic state by a single molecule, but the
aggregate 1s provided by several molecules physically
approaching each other. After the plurality of molecules

approach each other, electronic states of a plurality of

molecules are mixed and changed, thereby changing an
energy level. A value of singlet energy 1s mainly decreased,
thereby decreasing a value of AST. The decrease 1n the value
of AST by the aggregate formation can also be explained by
Davydov splitting model showing that two molecules
approach each other to change electronic states thereof (see
FIG. 2). As shown in Davydov splitting model, 1t 1s con-
sidered that change of the electronic states by two molecules
different from change of an electronic state by a single
molecule 1s brought about by two molecules physically
approaching each other. A singlet state exists 1 two states
represented by S1-m™ and S1-m™. A triplet state exists in two
states represented by T1-m™ and T1-m™. Since S1-m™ and
T1-m™ showing a lower energy level exist, AST representing
a gap between S1-m™ and T1-m™ becomes smaller than that
in the electronic state by a single molecule.

The Davydov splitting model 1s exemplarily described in
the following;:

10

15

20

25

30

35

40

45

50

55

Literature 7: J. Kang, et al, International Journal of 60

Polymer Science, Volume 2010, Article ID 264781;

Literature 8: M. Kasha, et al, Pure and Applied Chemustry,
Vol. 11, pp 371, 1965; and

Literature 9: S. Das, et al, J. Phys. Chem. B. vol. 103, p
209, 1999.

The inventors found usage of sublevels of a singlet state
and a triplet state of a compound easily forming an aggregate
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in a thin film, and consequent possibility of promotion of
inverse itersystem crossing by molecules and aggregates 1n
the thin film.

For instance, a compound having a large halt bandwidth
of a photoluminescence spectrum i1s considered to easily
form an aggregate 1 a thin film of the compound. A
relationship between the half bandwidth of the photolumi-
nescence spectrum and easy formability of the aggregate can
be estimated as follows.

In a compound having a property of typically existing as
a single molecule without forming an aggregate, a vibra-
tional level 1s less recognized 1n the singlet state, so that a
narrow half bandwidth of the photoluminescence spectrum
1s observed. For instance, CBP (4.4'-bis[9-dicarbazolyl]-2,
2'-biphenyl) exhibits a property to typically exist as a single
molecule, in which a half bandwidth of a photoluminescence
spectrum 1s relatively as narrow as about 50 nm.

On the other hand, in the compound easily forming the
aggregate, a plurality of molecules electronically influence
cach other, whereby a lot of vibrational levels exist in the
singlet state. As a result, since the vibrational levels of the
singlet state are often relaxed to the ground state, the half
bandwidth of the photoluminescence spectrum 1s 1ncreased.

Such a compound easily forming the aggregate 1s
expected to have a lot of vibrational levels even 1n a triplet
state. Consequently, 1t 1s speculated that AST 1n relation to
heat 1s decreased through the sublevels to promote the
inverse intersystem crossing, since a lot of sublevels exist
between the singlet state and the triplet state.

It should be noted that the aggregate according to the
exemplary embodiment means that a single molecule forms
any aggregate with another single molecule. In other words,
a specific aggregate state 1s not shown 1n the exemplary
embodiment. An aggregate state of an organic molecule 1s
probably formable 1n various states 1n a thin film, which 1s
different from an aggregate state ol an norganic molecule.
TADF Mechanism

As described above, when AST(H) of the organic material
1s small, inverse mntersystem crossing from the triplet level
of the host material to the singlet level thereof i1s easily
caused by heat energy given from the outside. Herein, an
energy state conversion mechanism to perform spin
exchange from the triplet state of electrically excited exci-
tons within the organic EL device to the singlet state by
inverse intersystem crossing 1s referred to as TADF Mecha-
nism.

In the exemplary embodiment, since the material having
a small AST(H) 1s used as the host material, inverse inter-
system crossing from the triplet level of the host material to
the singlet level thereof 1s easily caused by heat energy given
from the outside.

FIG. 3 shows a relationship in energy level between the
host material and the dopant material in the emitting layer.
In FIG. 3, SO represents a ground state, S1,, represents a
lowest singlet state of the host material, T1 ., represents a
lowest triplet state of the host matenial, S1,, represents a
lowest singlet state of the dopant matenal, and T1 , repre-
sents a lowest triplet state of the dopant material. As shown
in FIG. 3, a difference between S1,, and T1,, corresponds to
AST(H), a difference between S1, and SO corresponds to
EgS(H), a difference between S1, and SO corresponds to
EgS(D), and a diflerence between T1,, and T1 5 corresponds
to AT. A dotted-line arrow shows energy transier between
the respective excited states 1n FIG. 3.

As described above, a compound having a small AST(H)
1s selected as the compound for the host material 1in the
exemplary embodiment. This 1s because the material having
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a small AST(H) 1s considered to easily cause mverse inter-
system crossing from the triplet excitons generated in the
lowest triplet state T1 ,, to the lowest singlet state S1,, of the
host material by heat energy. Due to the small AST(H)
inverse mtersystem crossing 1s easily caused, for instance,
even around a room temperature. When the 1mverse inter-
system crossing 1s thus easily caused, a ratio of energy
transier from the host maternial to the lowest singlet state
[T1,] S!, of the fluorescent dopant material is increased by
Forster transfer, resulting in improvement 1 a luminous
elliciency of a fluorescent organic EL device.

In other words, use of the compound having a small
AST(H) as the host material increases emission by the TADF
mechanism, so that a delayed fluorescence ratio becomes
large. When the delayed fluorescence ratio 1s large, a high
internal quantum et

iciency 1s achievable. It 1s considered
that the internal quantum efliciency can be theoretically
raised up to 100% even by using delayed fluorescence by the
TADF mechanism.

FIG. 4 shows a relationship 1n energy level between the
host material and the dopant material 1n the emitting layer in
the TADF mechanism described 1in Literature 5. In FIG. 4,
S0, S1,,, T1,,, S1,,, and T1, represent the same as those 1n
FIG. 3. A dotted-line arrow shows energy transier between
the respective excited states. As shown in FIG. 4, a material
having a small AST(D) 1s used as the dopant material in the
TADF mechanism described 1n Literature 3. Accordingly,
energy 1s transterred from the lowest triplet state T1,, of the
host material to the lowest triplet state T1, of the dopant
material by Dexter transfer. Further, inverse intersystem
crossing from the lowest triplet state T1, to the lowest
singlet state S1, of the dopant material 1s possible by heat
energy. As a result, fluorescent emission from the lowest
[triplet state T1 ;] single state S1,, of the dopant material can
be observed. It i1s considered that the internal quantum
elliciency can be theoretically raised up to 100% also by
using delayed fluorescence by the TADF mechanism.

The 1nventors herein employ a fluorescent compound
having a small AST(H) as described 1n Literature 3 as a host
material 1n a host-dopant system. The reasons are detailed as
follows.

First, considering conversion of energy states on the
dopant material by the TADF mechanism, the dopant mate-
rial has a relatively high singlet energy for fluorescent
emission and triplet energy approximately equivalent to the
singlet energy. In order to eih

iciently trap the triplet energy
within the emitting layer, 1t 1s necessary to select a host
material having larger triplet energy. If a typical organic
material usually having a large AST 1s used as the host
material, the singlet energy of the host matenal, 1.e., an
energy gap between a HOMO level and a LUMO level
becomes extremely large. As a result, an energy gap between
the host material and a carrier transporting layer adjacent to
the emitting layer becomes large, so that injection of carriers
to the emitting layer 1s considered to become difficult.
Accordingly, the inventors consider that conversion of the
energy states by the TADF mechanism 1s preferably per-
formed on the host material, whereby the carriers are advan-
tageously injected to the emitting layer and are easily
balanced in the enftire organic EL device.

Secondly, the inventors believe 1t possible to suppress
decrease 1n a luminous efliciency caused by Triplet-Triplet-
Annihilation 1 a high current density area by using the
fluorescent compound having a small AST(H) as the host
material. Herein, Triplet-Triplet-Annihilation (hereinaftter,
referred to as TTA) 1s a physical phenomenon 1 which

long-life triplet excitons generated on a molecule are adja-
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cent to each other at a high density to collide with each other
and are thermally deactivated.

The mventors believe it possible to suppress decrease 1n
the luminous eiliciency 1n the high current density area to
some extent in the host-dopant system in which the triplet
energy 1s dithicult to transit from the host material to the
dopant material. In the exemplary embodiment, the com-
pound having a small AST 1s used as the host maternial of the
emitting layer. After inverse intersystem crossing from a
triplet excited level of the host matenial to a singlet excited
level thereof by the TADF mechanism, energy is transferred
to a singlet excited level of the dopant material. Accordingly,
the generated triplet excitons are kept 1n a triplet excited
state on the host material whose abundance ratio 1s high 1n
the emitting layer. On the other hand, if the compound
having a small AST 1s used as the dopant material 1n the
emitting layer, the generated triplet excitons are kept 1n a
triplet excited state on the dopant material whose abundance
ratio 1s extremely low 1n the emitting layer. In other words,
the mventors believe 1t preferable to design a system that
avoids concentration of triplet excited state on the dopant
material in driving the orgamc EL device 1n the high current
density area. Accordingly, in the exemplary embodiment,
the inventors employ the material having a small AST(H) as
the host material.

Thirdly, a material having a high emission quantum
elliciency can be easily selected as the dopant matenal by
using a material causing inverse intersystem crossing from
the triplet level to the singlet level as the host material. As
a result, emission of the singlet excitons 1s quickly relaxed
alter energy transier thereof to the dopant material, so that
energy quenching in the high current density area 1s sup-
pressible. In the host-dopant system 1n a fluorescent device,
generally, the host material has a carrier transporting func-
tion and an exciton generating function and the dopant
material has an emission function. This system 1s for sepa-
rating the carrier transporting function and the emission
function of the emitting layer. Accordingly, eflective organic
EL emission 1s promoted by doping a small amount of a
dopant material having a high emission quantum efliciency
into the emitting layer. The emitting layer according to the
exemplary embodiment 1s required to have a function to
cause mverse mtersystem crossing by the TADF function 1n
addition to a typical function of the emitting layer. By
requiring the host material to have the function to cause
iverse mtersystem crossing by the TADF mechanism, the
inventors increased options for the dopant material having a

high emission quantum efliciency which largely contributes
to the luminous eih EL device. With

iciency of the organic
this arrangement, a fluorescent dopant material typically
known as being highly eflicient can be selected.

Relationship Between Eg1 and Eg. .-

In this exemplary embodiment, the compound having
AST of a predetermined value or less 1s used. The afore-
mentioned triplet energy EgT 1s different from a typically
defined triplet energy. Such a difference will be described
below.

For general measurement of the triplet energy, a target
compound to be measured 1s dissolved 1n a solvent to form
a sample. A phosphorescent spectrum (ordinate axis: phos-
phorescent luminous intensity, abscissa axis: wavelength) of
the sample 1s measured at a low temperature (77K). A
tangent 1s drawn to the rise of the phosphorescent spectrum
on the short-wavelength side. The triplet energy 1s calculated
by a predetermined conversion equation based on a wave-
length value at an intersection of the tangent and the abscissa

axis.
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As described above, the compound for the host material
in the exemplary embodiment has a small AST. When AST
1s small, intersystem crossing and mverse intersystem cross-
ing are likely to occur even at a low temperature (77K), so
that the singlet state and the triplet state coexist. As a result,
the spectrum to be measured in the same manner as the
above includes emission from both the singlet state and the
triplet state. Although 1t 1s difficult to distinguish emission
from the singlet state from emission from the triplet state,
the value of the triplet energy 1s basically considered domi-
nant.

Accordingly, 1n order to distinguish the triplet energy EgT
1in the exemplary embodiment from the typical triplet energy
EgT 1n a strict meaning although the measurement method
1s the same, the triplet energy EgT 1n the exemplary embodi-
ment 1s defined as follows. A target compound to be mea-
sured 1s dissolved 1n a solvent to form a sample. A phos-
phorescent spectrum (ordinate axis: phosphorescent
luminous 1ntensity, abscissa axis: wavelength) of the sample
1s measured at a low temperature (77K). A tangent 1s drawn
to the rise of the phosphorescent spectrum on the short-
wavelength side. Energy 1s calculated as an energy gap
Eg.- . by a predetermined conversion equation based on a
wavelength value at an intersection of the tangent and the
abscissa axis. AST 1s defined as a difference between the
singlet energy EgS and the energy gap Eg-- .. Accordingly,
AST(H) 1s represented by the formula (1).

The triplet energy measured 1n a solution state may
include an error by interaction between the target molecule
and the solvent. Accordingly, as an 1deal condition, a mea-
surement 1n a thin film state 1s desired 1n order to avoid the
interaction between the target molecule and the solvent. In
this exemplary embodiment, the molecule of the compound
used as the host material exhibits a photoluminescence
spectrum having a broad half bandwidth 1n a solution state,
which strongly implies aggregate formation also 1n the
solution state. Accordingly, the solution state 1s considered
to be under the same conditions as 1 a thin film state.
Consequently, 1n this exemplary embodiment, a measure-
ment value of the triplet energy 1n the solution state 1s used.
Singlet Energy EgS

The singlet energy EgS 1n the exemplary embodiment 1s
defined based on calculation by a typical method. Specifi-
cally, the target compound 1s deposited on a quartz substrate
to prepare a sample. An absorption spectrum (ordinate axis:
absorbance, abscissa axis: wavelength) of the sample 1s
measured at a normal temperature (300K). A tangent 1s
drawn to the rise of the absorption spectrum on the long-
wavelength side. The singlet energy EgS 1s calculated by a
predetermined conversion equation based on the tangent and
the wavelength value at the intersection. EgS 1n aggregate
formation corresponds to an energy gap between S1-m™ and
the ground state SO 1n the Davydov splitting model.

The calculation of the singlet energy EgS and the energy
gap Eg-- . will be described 1n detail later.

Delayed Fluorescence Ratio

It was found that a delayed fluorescence ratio according to
the organic EL device of the exemplary embodiment
exceeds the theoretical upper-limit of a delayed fluorescence
ratio (TTF ratio) of a case where 1t 1s assumed that delayed
fluorescence 1s caused only by the TTF mechanism. In other
words, according to the exemplary embodiment, an organic
EL device having a higher internal quantum efficiency 1s
achievable.

The delayed fluorescence ratio 1s measurable by a tran-
sitional EL. method. The transitional EL. method 1s for
measuring reduction behavior (transitional property) of EL
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emission after pulse voltage applied on the device 1s
removed. EL luminous intensity 1s classified into a lumines-
cence component from singlet excitons generated in first
recombination and a luminescence component from singlet
excitons generated through triplet excitons. Since lifetime of
the singlet excitons generated 1n the first recombination 1s
very short at a nano-second order, EL. emission 1s rapidly
reduced after removal of pulse voltage.

On the other hand, since delayed fluorescence provides
emission from singlet excitons generated through long-life
triplet excitons, EL. emission 1s gradually reduced. Thus,
since there 1s a large difference in time between emission
from the singlet excitons generated 1n the first recombination
and emission from the singlet excitons derived from the
triplet excitons, a luminous intensity derived from delayed
fluorescence 1s obtainable. Specifically, the luminous 1nten-
sity can be determined by the following method.

Transitional EL. waveform 1s measured as follows (see
FIG. 5). Pulse voltage waveform outputted from a voltage
pulse generator (PG) 11 1s applied on an organic EL device
(EL) 12. The applied voltage waveform 1s loaded 1n an
oscilloscope (OSC) 13. When pulse voltage 1s applied on the
organic EL device 12, the organic EL device 12 generates
pulse emission. This emission 1s loaded 1n the oscilloscope
(OSC) 13 through a photomultiplier (PMT) 14. The voltage
waveform and the pulse emission are synchronized and
loaded 1n a personal computer (PC) 15.

The ratio of luminous intensity derived from delayed
fluorescence 1s defined as follows based on analysis of the
transitional EL. waveform. It should be noted that a formula
to calculate a TTF ratio described 1n International Publica-
tion No. W0O2010/134352 may be used for calculation of the
ratio of luminous intensity derived from delayed fluores-
cence.

It 1s considered that a delayed fluorescence component
defined 1n the exemplary embodiment includes thermally
activated delayed fluorescence (TADF mechanism)
described 1n the exemplary embodiment 1n addition to the
luminescence component derived from TTF. For this reason,
1in the exemplary embodiment, a ratio of the delayed fluo-
rescence component calculated according to the following
numerical formula (4) 1s referred to as a delayed fluores-
cence ratio, not as a TTF ratio.

The delayed fluorescence ratio 1s calculated according to
the numerical formula (4).

1 4
ox A+y-t &)

NIl

In the numerical formula (4), I represents luminous 1nten-
sity derived from delayed fluorescence. A represents a
constant. The measured transitional EL. waveform data 1s it
in the numerical formula (4) to obtain the constant A. Here,
a luminous intensity 1/A* at the time t=0 when pulse voltage
1s removed 1s defined as the ratio of luminous intensity
derived from delayed fluorescence.

A graph of FIG. 6(A) shows a measurement example
where a predetermined pulse voltage 1s applied on the
organic EL device and then the pulse voltage 1s removed and
shows time-varying luminous intensities of the organic EL
device.

The pulse voltage was removed at the time of about
3x107° seconds in the graph of FIG. 6 (A). In the graph of
FIG. 6(A), the luminous intensity when the voltage 1s
removed 1s defined as 1.
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After rapid reduction before the elapse of about 2x10~’
seconds after the voltage removal, a gradual reduction
component appears.

In the graph of FIG. 6(B), the voltage removal time 1s a
starting point and the nverse square root of luminous
intensity before the elapse of 1.5x107> seconds after voltage
removal 1s plotted. Fitting 1s conducted as follows.

A value at an mtersection A of the ordinate axis and the
linear line extended to the starting point 1s 1.55. Accord-
ingly, the ratio of luminous tensity derived from the
delayed fluorescence obtained from the transitional EL
waveform is 1/(1.55)°=0.41, which means 41% of the lumi-
nous ntensity was derived from the delayed fluorescence. In
other words, the ratio of luminous intensity exceeds 37.5%,
1.¢., the supposed theoretical upper-limit of the T'TF ratio.

The luminous intensity derived from the delayed fluores-
cence obtained from the transitional ELL wavelorm 1s vari-
able 1n accordance with measurement temperatures. Such a
phenomenon 1s considered to be inherent mostly 1n fluores-
cent emission by the TADF mechamism.

The luminous intensity 1s preferably fitted 1n a linear line
by the method of least squares. In this case, the luminous
intensity before the elapse of 107> seconds is preferably
fitted.

The TTF mechanism having an emission mechanism by
delayed fluorescence will be described using FIG. 7. FIG. 7
shows a relationship in energy level between the host
material and the dopant material in an organic EL device
using the TTF mechanism. In FIG. 7, SO, S1,, T1,, S1, and
T1,, represent the same as those 1n FIG. 3. An arrow shows
energy transier between the respective excited states 1in FIG.
7.

As described above, the TTF mechanism utilizes a phe-
nomenon in which singlet excitons are generated by colli-
sion between two triplet excitons. As shown 1 FIG. 7, 1t 1s
preferable that the lowest triplet state T1,, of the host
material 1s lower than the lowest triplet state T1,, of the
dopant material, so that triplet excitons concentrate on
molecules of the host material. The triplet excitons efli-
ciently collide with each other 1n accordance with increase
in the density of the triplet excitons, whereby the triplet
excitons are partially changed into singlet excitons. The
lowest singlet state S1 ., of the host material generated by the
TTF mechamism 1s immediately transierred to the lowest
singlet state S1, of the dopant material by Forster transter,
so that the dopant material emits fluorescence.

The theoretical upper-limit of the TTF ratio can be
obtained as follows.

According to S. M. Bachilo et al. (J. Phys. Chem. A, 104,
7711 (2000)), assuming that high-order excitons such as
quintet excitons are quickly returned to triplet excitons,
triplet excitons (hereinafter abbreviated as * A*) collide with
one another when the density thereof 1s increased, whereby
a reaction shown by the following numerical formula (5)
occurs. In the formula, 'A represents the ground state and
'A* represents the lowest singlet excitons.

AR A* (40  A+(V0) L AX+(13/9)° A% (5)

Specifically,

SAA* 41 AL 1A

It 1s expected that, among triplet excitons mitially generated,
which account for 75%, one fifth thereof (1.e., 20%) 1s
changed to singlet excitons.

Accordingly, the amount of singlet excitons which con-
tribute to emission 1s 40%, which 1s a value obtained by
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adding 15% (75%x(%5)=15%) to 25% (the amount ratio of
initially generated singlet excitons).

At this time, a ratio of luminous intensity derived from
TTF (TTF ratio) relative to the total luminous intensity 1s
1540, 1.€., 37.5%. Thus, 1t 1s recognized that the delayed
fluorescence ratio of the organic EL device according to the
exemplary embodiment exceeds the theoretical upper-limait
of only the TTF ratio.

Residual Strength Ratio 1n 1 us

A method for relatively measuring an amount of delayed
fluorescence 1s exemplified by a method for measuring a
residual strength in 1 us. The residual strength mm 1 us 1s
defined as a ratio of a luminous intensity after the elapse of
1 us after removal of a pulse voltage measured by a
transitional EL. method to a luminous intensity at the time of
the removal of the pulse voltage. The relative amount of
delayed fluorescence can be estimated based on reduction
behavior of ELL emission aiter the removal of the pulse
voltage measured by the transitional EL method. The
residual strength ratio 1n 1 us can be obtained by reading
luminous 1ntensity at the time of 1.0 us 1n the graph of FIG.
OA.

The residual strength ratio 1n 1 us 1s preferably larger than
36.0%, more preferably 38.0% or more.

Dopant Properties

A preferable dopant in the exemplary embodiment has
properties to emit fluorescence and to have a large speed
constant of radiational transition. In this arrangement, sin-
glet excitons electrically excited on the host material, singlet
excitons generated by the TADF mechanism and the like are
transierred to singlet excitons of the dopant maternial by
Forster energy transier and the dopant material immediately
emits light. In other words, fluorescent emission 1s possible
through the above energy transition before triplet excitons
on the host material causes TTA, by which decrease 1n an
clliciency in the high current area 1s likely to be considerably
improved.

It 1s preferable to select a dopant material having a
fluorescence lifetime of 5 ns or less, more preferably 2 ns or
less as the dopant material having a large speed constant of
radiational transition 1n the exemplary embodiment. A fluo-
rescence quantum ethiciency of the dopant material 1s prei-
erably 80% or more 1n a solution. The fluorescence quantum
elliciency can be obtained by measuring the dopant material
in a range of 107> mol/l to 10~° mol/l of a concentration in
a toluene solution using Absolute PL Quantum Yield Mea-
surement  System  (C9920-02  manufactured by
HAMAMATSU PHOTONICS K.K.

It 1s also expected by measuring an EL spectrum of the
device and confirming a luminescence component of a
material other than the dopant material 1s V10 or less of the
luminescence component of the dopant that the dopant
material has a large speed constant of radiational transition.
Relationship Between Emitting Layer and Electron Trans-
porting Layer

When AST(H) of the host matenal 1s small, the energy gap
between the host material and the electron transporting layer
adjacent thereto 1s small, so that the electrons are likely to
be injected into the emitting layer. As a result, carrier
balance 1s easily obtainable to decrease roll-off.
Relationship Between Emitting Layer and Hole Transport-
ing Layer

When an 1onization potential of the hole transporting
layer 1s represented by 1P, IP,,,=5.7 €V 1s preferable. With
this arrangement, balance between the electrons and the
holes can be enhanced. The 1onization potential can be
obtained, for mstance, by measuring the material 1n a form
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of a thin film using a photoelectron spectroscopy (AC-3:
manufactured by RIKEN KEIKI Co., Ltd.).

Relationship in Singlet Energy Between Host Material and
Dopant Matenal

In the exemplary embodiment, the dopant material i1s a
fluorescent dopant material. A compound used as the host
material and a compound used as the dopant material satisty
a relationship represented by the numerical formula [(2)] (/)
in terms of the singlet energy.

When such a relationship is satisfied, energy of the singlet
excitons 1nitially generated on the host maternial and the
singlet excitons derived from the delayed fluorescence 1s
casily transierred to the dopant material. Consequently, the
dopant ethciently emits fluorescence.

An

The 1nventors found that one way to reduce AST 1s to use
the compound forming the aggregate and that the compound
having a large An easily forms the aggregate in a film of the
compound. Herein, An 1s a value representing the largest
difference between the refractive index n., perpendicular to
the silicon substrate surface and the refractive index n,-
parallel to the silicon substrate surface 1n an area where a
reflectivity to be observed simultaneously with a refractivity
1s not observed, 1n the spectroscopic ellipsometry measure-
ment (measurement range: 200 nm to 1000 nm).

A relationship between An and easy formability of the
aggregate 1s estimated as follows.

When a large difference 1s generated between a refractive
index n 1n a vertical direction z relative to the silicon
substrate and a refractive index n 1n a parallel direction x
relative to the silicon substrate, 1t 1s considered that mol-
ecules exist with a certain regularity 1n a thin film state. In
other words, the compound used as the host material 1n the
exemplary embodiment 1s expected to have a predetermined
value of An while forming the aggregate in the thin film state
to exhibit a certain regularity.

On the other hand, a compound having an extremely small
An (e.g., CBP and Alqg,(tris(8-hydroxyquinolinato)alu-
minium)) exists 1 an amorphous state 1n which molecules
have no regularity in a thin film state.

The relationship between An and easy formability of the
aggregate 1s described 1n the following;

Literature 10: D. Yokoyama et al., Org. Electron. 10,
127-137 (2009);

Literature 11: D. Yokoyama et al., Appl. Phys. Lett. 93,
173302 (2008); and

Literature 12: D. Yokoyama et al., Appl. Phys. Lett. 95,
243303 (2009).

An can be calculated based on the refractive index of each
compound measured by the spectroscopic ellipsometry
method. The spectroscopic ellipsometry method 1s a mea-
surement method of an optical constant (1.e., a refractive
index n and an extinction coetlicient k) and a thickness of a
thin film. For instance, a variable-incident-angle high-speed
spectroscopic ellipsometer (M—-2000D: manufactured by 1.
A. Woollam Co., Inc.) 1s usable. FIGS. 8A and 8B show an
example of spectroscopic ellipsometry measurement. FIG.
8 A shows an incident angle of an incident light from a light
source. FIG. 8B shows a cross section of an organic thin {ilm
(a measurement target) on a silicon substrate.

Each compound 1s deposited on the silicon substrate (S1
(100)) to form a 100-nm organic thin film. Using the
variable-incident-angle high-speed spectroscopic ellipsom-
cter (M-2000D: manufactured by J. A. Woollam Co., Inc.),
cllipsometric parameters yi1 and A are measured at every five
degrees 1n a range of 45 degrees to 80 degrees of an incident
angle and at every 1.6 nm 1n a range of 200 nm to 1000 nm
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of a wavelength. The obtained parameters are analyzed
together using an analysis software WVASE32 (manufac-
tured by J. A. Woollam Co., Inc) to examine optical anisot-
ropy of the film. The anisotropy of the optical constant (1.¢.,
the refractive index n and the extinction coellicient k) of the
film reflects the anisotropy of molecular orientation 1n the
film. The measurement method and the analysis methods are
described in detail 1n the above Literatures 10 to 12.

An can be obtained as a diflerence between the refractive
index n 1n the perpendicular direction z relative to the silicon
substrate and the refractive index n 1n the parallel direction
X relative to a surface of the silicon substrate. The perpen-
dicular direction z and the parallel direction x relative to the
surface of the silicon substrate are shown in FIG. 8A.
Haltf Bandwidth

A half bandwidth represents a width of an emission
spectrum when a luminous intensity becomes half relative to
the maximum luminous intensity of the emission spectrum.
The mventors found that a host material having 50 nm or
more of a half bandwidth of a photoluminescence spectrum
1s a material easily forming an aggregate state and easily
causing nverse intersystem crossing in a thin film. Accord-
ingly, the TADF mechamism easily works 1n the host mate-
rial having 50 nm or more of the half bandwidth of the
photoluminescence spectrum. Particularly preferably, the
half bandwidth of the photoluminescence spectrum of the
host material 1s 65 nm or more.

AT

It 1s preferable that a diflerence AT between triplet energy
Eg--.(H) of the host material and triplet energy Eg-- (D) of
the dopant material satisfies a relationship represented by the
numerical formula (3). AT 1s more preferably 0.8 eV or
more, further preferably 1.0 eV or more.

When AT satisfies the relationship represented by the
numerical formula (3), energy of the triplet excitons gener-
ated by recombination on the host material becomes diflicult
to transfer to the triplet level of the dopant material, and
thermal deactivation of the triplet excitons becomes difficult.
Consequently, the dopant ethciently emits fluorescence.

Examples of the compound used as the host material 1n
the exemplary embodiment are shown below. However, the
host material 1n the exemplary embodiment 1s not limited
thereto.

H-1

NC
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-continued

(GH-3

GH-4

Substrate

The organic EL device according to the exemplary
embodiment 1s formed on a light-transmissive substrate. The
light-transmissive substrate supports an anode, an organic
compound layer, a cathode and the like of the organic EL
device. The light-transmissive substrate 1s preferably a
smoothly-shaped substrate that transmits 50% or more of
light 1n a visible region of 400 nm to 700 nm.

The light-transmissive plate 1s exemplarily a glass plate,
a polymer plate or the like.

The glass plate 1s formed of soda-lime glass, barum/
strontium-containing glass, lead glass, aluminosilicate glass,
borosilicate glass, bartum borosilicate glass, quartz and the
like.

The polymer plate 1s formed of polycarbonate, acryl,

polyethylene terephthalate, polyether sulfide, polysulione
and the like.

Anode and Cathode

The anode of the organic EL device mjects holes into the
emitting layer, so that 1t 1s eflicient that the anode has a work
function of 4.5 €V or higher.

Exemplary materials for the anode are indium-tin oxide
(ITO), tin oxide (NESA), indium zinc oxide, gold, silver,
platinum and copper.
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When light from the emitting layer 1s to be emitted
through the anode, the anode preferably transmits more than
10% of the light in the visible region. Sheet resistance of the
anode 1s preferably several hundreds £2 per square or lower.
Although depending on the material of the anode, the
thickness of the anode 1s typically 1n a range of 10 nm to 1
um, preferably 1n a range of 10 nm to 200 nm.

The cathode 1s preferably formed of a material with
smaller work function 1n order to inject electrons 1nto the
emitting layer.

Although a maternial for the cathode 1s subject to no
specific limitation, examples of the material are indium,
aluminum, magnesium, alloy of magnesium and indium,
alloy of magnesium and aluminum, alloy of aluminum and
lithium, alloy of aluminum, scandium and lithium, and alloy
of magnesium and silver.

Like the anode, the cathode may be made by forming a
thin film on, for instance, the electron transporting layer and
the electron injecting layer by a method such as vapor
deposition. In addition, the light from the emitting layer may
be emitted through the cathode. When light from the emut-
ting layer 1s to be emitted through the cathode, the cathode
preferably transmits more than 10% of the light 1n the visible
region.

Sheet resistance of the cathode 1s preferably several
hundreds €2 per square or lower.

The thickness of the cathode 1s typically in the range of 10
nm to 1 um, and preferably 1n the range of 50 nm to 200 nm,
though it depends on the material of the cathode.

Hole Injecting/ Transporting Layer

The hole mjection/transport layer helps injection of holes
to the emitting layer and transport the holes to an emitting,
region. A compound having a large hole mobility and a small
ionization energy 1s used as the hole injection/transport
layer.

A material for forming the hole injection/transport layer 1s
preferably a matenal of transporting the holes to the emitting
layer at a lower electric field intensity. For instance, an
aromatic amine compound 1s preferably used.

Electron Imjecting/ Transporting Layer

The electron 1njecting/transporting layer helps injection
of the electrons into the emitting layer and transports the
clectrons to an emitting region. A compound having a large
clectron mobility 1s used as the electron 1mnjecting/transport-
ing layer.

A preferable example of the compound used as the
clectron 1njecting/transporting layer 1s an aromatic hetero-
cyclic compound having at least one heteroatom in a mol-
ecule. Particularly, a nitrogen-containing cyclic derivative 1s
preferable. The mitrogen-containing cyclic derivative 1s pret-
erably a heterocyclic compound having a nitrogen-contain-
ing six-membered or five-membered ring skeleton.

In the organic EL device 1n the exemplary embodiment, in
addition to the above exemplary compound, any compound
selected from compounds known as being used in the typical
organic El device 1s usable as a compound for the organic
compound layer other than the emitting layer.

Layer Formation Method(s)

A method for forming each layer of the organic EL device
in the exemplary embodiment 1s subject to no limitation
except for the above particular description. However, known
methods of dry film-forming such as vacuum deposition,
sputtering, plasma or 1on plating and wet film-forming such
as spin coating, dipping, flow coating or ink-jet are appli-
cable.

Thickness

The thickness of each organic layer of the organic EL
device 1n the exemplary embodiment 1s subject to no limi-
tation except for the thickness particularly described above.

However, the thickness 1s typically preferably in a range of
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several nanometers to 1 um because an excessively thin film
1s likely to entail defects such as a pin hole while an
excessively thick film requires high applied voltage and
deteriorates etliciency.

Modifications of Exemplary Embodiment(s)

It should be noted that the invention 1s not limited to the
above exemplary embodiment but may include any modi-
fication and improvement as long as such modification and
improvement are compatible with the mvention.

The emitting layer 1s not limited to a single layer, but may
be provided as laminate by a plurality of emitting layers.
When the organic EL device includes the plurality of emut-
ting layers, 1t 1s only required that at least one of the emitting
layers includes the host material and the fluorescent dopant
material defined 1n the exemplary embodiment. The others
of the emitting layers may be a fluorescent emitting layer or
a phosphorescent emitting layer.

When the organic EL device includes the plurality of
emitting layers, the plurality of emitting layers may be
adjacent to each other.

Though examples using a fluorescent dopant material 1n
an emitting layer are exemplarily mentioned in the above
exemplary embodiment(s), the fluorescent dopant material 1s
not requisite 1n the exemplary embodiment(s) but a dopant
material that 1s not a heavy metal complex may alternatively
be used 1n the exemplary embodiment(s).

Further, the maternials and treatments for practicing the
invention may be altered to other arrangements and treat-
ments as long as such other arrangements and treatments are
compatible with the invention.

EXAMPLES

Examples of the mnvention will be described below. How-
ever, the mvention 1s not limited by these Examples.

Used compounds are as follows.

HI-1
NC CN
N/ \ N
N N
NC / \ CN
— N =
NC CN

HT-1
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Synthesis of Compound(s)

Synthesis Example 1

Synthesis of H-1

(1-1) Synthesis of Intermediate Body 1

Under an argon gas flow, 2-mitro-1,4-dibromobenzene
(11.2 g, 40 mmol), phenylboronic acid (4.9 g, 40 mmol),
tetrakis(triphenylphosphine)palladium (1.39 g, 1.2 mmol),
toluene (120 mL) and an aqueous solution of 2M sodium
carbonate (60 mL) were added together in sequential order,

and heated to reflux for 8 hours.
After the reaction solution was cooled down to the room

temperature, an organic layer was separated and an organic
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solvent was distilled away under reduced pressure. The
obtained residue was refined by silica-gel column chroma-
tography, so that the intermediate body 1 (6.6 g, a yield of
59%) was obtained. As a result of FD-MS (Field Desorption
Mass Spectrometry) analysis, the reactant was 1dentified as
the intermediate body 1.

0,N

O,>N

Intermediate Body 1

Pd(PPh3)4
Na,C0Oj aq
-

toluene

(1-2) Synthesis of Intermediate Body 2
Under an argon gas flow, the intermediate body 1 (6.6 g,
23.7 mmol), triphenylphosphine (15.6 g, 59.3 mmol), and
o-dichlorobenzene (24 mlL) were added together 1n sequen-
t1al order, and heated to retlux at 180 degrees C. for 8 hours.
After cooled down to the room temperature, the reaction

solution was refined by silica-gel column chromatography,
whereby an intermediate body 2 (4 g, a yield of 68%) was
obtained. As a result of FD-MS (Field Desorption Mass
Spectrometry) analysis, the reactant was 1dentified as the
intermediate body 2.

OO

Intermediate Body 1

-

H
N Br

Intermediate Body 2

(1-3) Synthesis of Intermediate Body 3

An itermediate body 3 was synthesized according to the
same method as that for the synthesis of the intermediate
body 1, except for using the intermediate body 2 1n place of
2-nitro-1,4-dibromobenzene and 9-phenyl-9H-carbazole-3-
ylboronic acid 1n place of phenylboronic acid. As a result of
FD-MS (Field Desorption Mass Spectrometry) analysis, the
reactant was 1dentified as the intermediate body 3.

H
N Br

oA

Intermediate Body 2
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Pd(PPh3)4
Na,COz aq _
/N toluene
(HO)ZB/
H
/

0 &
®

Intermediate Body 3

(1-4) Synthesis of H-1

Under argon gas flow, the intermediate body 3 (3.3 g, 8.1

mmol), 4-bromo-4'-cyanobiphenyl (2.5 g, 9.7 mmol), tris
(dibenzylideneacetone)dipalladium (0.297, 0.324 mmol),
tri-t-butylphosphonium tetrafluoroborate (0.234 g, 0.805
mmol), sodium t-butoxide (1.5 g, 16.2 mmol), and anhy-
drous xylene (40 mL) were sequentially mixed, and heated
to reflux for eight hours.
After the reaction solution was cooled down to the room
temperature, an organic layer was separated and an organic
solvent was distilled away under reduced pressure. The
obtained residue was refined by silica-gel column chroma-
tography, whereby 2.6 g of a white solid (yield 54%) was
obtained.

FD-MS (Field Desorption Mass Spectrometry), maxi-
mum ultraviolet absorption wavelength Amax and maximum
fluorescence emission wavelength 1 a toluene solution of
the obtained compound are as follows.

FDMS, calcd for C43H27N3=385. found m/z=385 (M+)
UV(PhMe); imax, 324 nm, FL(PhMe, Aex=300 nm);
Amax, 393 nm

®

Intermediate Body 3
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Synthesis Example 2

Synthesis of H-2

(2-1) Synthesis of Intermediate Body 4

An mtermediate body 4 was synthesized according to the
same method as that for the synthesis of the intermediate
body 1, except for using 1-bromo-4-10debenzene in place of
2-nitro-1,4-dibromo-1-benzene and 9-phenyl-9H-carbazole-
3-ylboronic acid in place of phenylboronic acid. As a result
of FD-MS (Field Desorption Mass Spectrometry) analysis,
the reactant was 1dentified as the intermediate body 4.

(2-2) Synthesis of Intermediate Body 35

Br
)\ Pd(PPhs)y
X N Na,COs aq
\ i o
toluene
\K
I

(HO),B
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Br

OAL

Intermediate Body 4

Under argon gas flow, the intermediate body 4 (10 g, 25
mmol), bis(pinacolato)diboron (8.3 g, 33 mmol), [1,1'-bis
(diphenylphosphino)ferrocene]palladium  (II) dichloride
dichloromethane adduct (0.62 g, 0.75 mmol), potassium
acetate (7.4 g, 75 mmol) and N,N-dimethylformamide (170
ml) were sequentially mixed, and heated to reflux for eight
hours.

After the reaction solution was cooled down to the room
temperature, an organic layer was separated and an organic
solvent was distilled away under reduced pressure. The
obtained residue was refined by silica-gel column chroma-
tography, so that an mtermediate body 5 (10 g, a yield of
91%) was obtained. As a result of FD-MS (Field Desorption
Mass Spectrometry) analysis, the reactant was 1dentified as
the intermediate body 5.

PACly(dppf)*CH,Cl,

O O
\ /
B—B
/ N\
O O

KOAc
DMFE (0.15M), 80° C.

-

N
A e

Intermediate Body 4

Intermediate Body 5

(2-3) Synthesis of Intermediate Body 6

An mtermediate body 6 was synthesized according to the 60

same method as that for the synthesis of the intermediate
body 1, except for using 3-bromocarbazole in place of
2-nitro-1,4-dibromobenzene and the imntermediate body 5 1n
place of phenylboronic acid. As a result of FD-MS (Field
Desorption Mass Spectrometry) analysis, the reactant was
identified as the mtermediate body 6.
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atest

Intermediate Body 5

N
/ Pd(PPh3)4
NayCOs3 aq
P
toluene

Intermediate Body 6

(2-4) Synthesis of H-2

H-2 was synthesized according to the same method as that
for the synthesis of H-1, except for using 3'-bromophenyl-
4-carbonitrile in place of 4-bromo-4'-cyanobiphenyl and the
intermediate body 6 1n place of intermediate body 3.

FD-MS (Field Desorption Mass Spectrometry) of the
obtained compound i1s as follows.

FDMS, calcd for C49H31N3=661. found m/z=661 (M+)

UV(PhMe); Amax, not detected, FL.(PhMe, Aex=300 nm);
Amax, 418 nm

Intermediate Body 6
CN

Vs

%

Br
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H-2

Synthesis Example 3

Synthesis of H-3

H-3 was synthesized in the same manner as H-1, except
that 4'-bromobiphenyl-3-carbonitrile was used in place of
4-bromo-4'-cyanobiphenyl.

FD-MS (Field Desorption Mass Spectrometry), maxi-
mum ultraviolet absorption wavelength Amax and maximum
fluorescence emission wavelength 1 a toluene solution of
the obtained compound are as follows.

FDMS, calcd for C43H27N3=385. found m/z=585 (M+)

UV(PhMe); imax, 322 nm, FL(PhMe, Aex=300 nm);
Amax, 376 nm

H
N
N Q Q +
Intermediate Body 3

NC
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Synthesis Example 4

Synthesis of GH-4

Under an argon gas atmosphere, an intermediate A (4.4 g,
21 mmol) synthesized according to the method described 1n
JP-A-2010-180204, an intermediate B (4.7 g, 10 mmol)
synthesized according to the method described in Interna-
tional Publication No. WO03/080760, tris(dibenzylidene
acetone)dipalladium (0.37 g, 0.4 mmol), tri-t-butylphospho-
nium tetrafluoroborate (0.46 g, 1.6 mmol), t-butoxysodium
(2.7 g, 28 mmol) and anhydrous toluene (100 ml) were
sequentially added and refluxed for eight hours.

After the reaction solution was cooled down to the room
temperature, an organic layer was separated and an organic
solvent was distilled away under reduced pressure. The
obtained residue was refined by silica-gel column chroma-
tography, so that a target compound GH-4 (3.6 g, a yield of
50%) was obtained.

FD-MS analysis consequently showed that m/e was equal
to 722 while a calculated molecular weight was 722.

A synthesis scheme of the compound GH-4 1s shown

below.
@
-

/

/\ \ Intermediate Body B
‘ ‘ Pd>(dba); -
XN F P(tBu);— HBF,
H NaOtBu
toluene

Intermediate Body A
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GH-4

Synthesis Example 5

Synthesis of BH-1

(5-1) Synthesis of 3,6-diphenylcarbazole

Under a nitrogen gas atmosphere, to a flask, 3,6-dibro-
mocarbazole (5 g, 15.4 mmol), phenylboronic acid (4.1 g,
33.9 mmol), tetrakis(triphenylphosphine)palladium (0.7 g,
0.6 mmol), toluene (45 ml) and 2M sodium carbonate (45
ml) were mixed in sequence, and were stirred for eight hours
at 80 degrees C. An organic phase was separated and then
concentrated under reduced pressure by an evaporator. The
obtained residue thereol was refined by silica-gel column
chromatography, so that 3.6-diphenylcarbazole (3.6 g, a

yield of 74%) was obtained.

( \}B@Hh
=

7D

.--""'II-

\_/

Pd(PPhs),
Nﬂzc 03

/

.--""'""--

Br Br

S0
sSRe

(5-2) Synthesis of BH-1

Under an argon gas atmosphere, 2,6-dichloropyrazine
(0.6 g, 3.9 mmol), 3,6-dibromocarbazole (2.6 g, 8 mmol),
tris(dibenzylideneacetone )dipalladium (0.07 g, 0.08 mmol),
tri-t-butylphosphonium tetratluoroborate (0.09 g, 0.3 mmol),
t-butoxysodium (0.5 g, 5.5 mmol), and anhydrous toluene
(20 ml) were sequentially mixed, and heated to reflux for 8
hours.

After the reaction solution was cooled down to the room
temperature, an organic layer was separated and an organic
solvent was distilled away under reduced pressure. The
obtained residue thereol was refined by silica-gel column
chromatography, so that 1.8 g of a solid was obtained.
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FD-MS analysis consequently showed that the obtained
compound was 1dentified as a compound BH-1.

FD-MS:

calcd for C.,H;,N,=714. found m/z=714(M+, 100)

958
oSN

N P(tBu);HBF,
/[ j\ NaOtBu
-
Z
Cl N Cl
N
O /

|
O BH-1

Evaluation of Compounds

Next, properties of the compounds used 1n Example were
measured. The target compounds are H-1 to H-3. A mea-
surement method or a calculation method 1s described
below. Measurement results or calculation results are shown
in Table 1.

(1) Singlet Energy EgS

Singlet Energy EgS was obtained by the following
method.

A target compound to be measured was deposited on a
quartz substrate to prepare a sample. An absorption spec-
trum of the sample was measured at a normal temperature
(300K). A sample was 100 nm thick. The absorption spec-
trum was expressed 1 coordinates of which ordinate axis
indicated absorbance and of which abscissa axis indicated
the wavelength. A tangent was drawn to the fall of the
absorption spectrum on the long-wavelength side, and a
wavelength value Aedge (nm) at an intersection of the
tangent and the abscissa axis was obtained. The wavelength
value was converted to an energy value by the following
conversion equation. The energy value was defined as EgS.

The conversion equation: EgS (eV)=1239.85/Aedge

For the measurement of the absorption spectrum, a spec-
trophotometer (U3310 manufactured by Hitachi, Ltd.) was
used.

The tangent to the fall of the absorption spectrum on the
long-wavelength side was drawn as follows. While moving
on a curve of the absorption spectrum from the maximum
spectral value closest to the long-wavelength side i a
long-wavelength direction, a tangent at each point on the
curve 1s checked. An inclination of the tangent 1s decreased
and increased 1n a repeated manner as the curve falls (1.e., a
value of the ordinate axis 1s decreased). A tangent drawn at
a point of the minimum inclination closest to the long-
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wavelength side (except when absorbance 1s 0.1 or less) 1s
defined as the tangent to the fall of the absorption spectrum
on the long-wavelength side.

The maximum absorbance of 0.2 or less was not included
in the above-mentioned maximum absorbance on the long-
wavelength side.

(2) Energy Gap Eg--» and Triplet Energy EgT

Eg...- and EgT,, were obtained by the following method.

Each of the compounds was measured by a known
method of measuring phosphorescence (e.g. a method
described 1n “Hikarikagaku no Sekai (The World of Photo-
chemistry)” (edited by The Chemical Society of Japan,
1993, on and near page 50). Specifically, each of the
compounds was dissolved 1n a solvent (sample: 10 umol/L,
EPA (diethylether:isopentane:ethanol=[5:5:5] 5:5:2 in vol-
ume ratio, each solvent 1n a spectroscopic grade), thereby
forming a sample for phosphorescence measurement. The
sample for phosphorescence measurement was put mnto a
quartz cell, cooled to 77(K) and irradiated with excitation
light, so that phosphorescence intensity was measured while
changing a wavelength. The phosphorescence spectrum was
expressed 1 coordinates of which ordinate axis indicated
phosphorescence intensity and of which abscissa axis indi-
cated the wavelength.

A tangent was drawn to the rise of the phosphorescent
spectrum on the short-wavelength side, and a wavelength
value Aedge (nm) at an intersection of the tangent and the
abscissa axis was obtained. The wavelength value was
converted to an energy value by the following conversion
equation. The energy value was defined as Eg.-(H) or
BEgly, (Eg;,x(D)).

The conversion equation:

Eg+~(H) (eV)=1239.85/hedge

EgT [eV]=1239.85/hedge

The tangent to the rise of the phosphorescence spectrum
on the short-wavelength side was drawn as follows. While
moving on a curve of the phosphorescence spectrum from
the short-wavelength side to the maximum spectral value
closest to the short-wavelength side among the maximum
spectral values, a tangent 1s checked at each point on the
curve toward the long-wavelength of the phosphorescence
spectrum. An inclination of the tangent i1s increased as the
curve rises (1.e., a value of the ordinate axis 1s increased). A
tangent drawn at a point of the maximum inclination was

defined as the tangent to the rise of the phosphorescence
spectrum on the short-wavelength side.

The maximum with peak intensity being 10% or less of
the maximum peak intensity of the spectrum 1s not included
in the above-mentioned maximum closest to the short-
wavelength side of the spectrum. The tangent drawn at a
point of the maximum spectral value being closest to the
short-wavelength side and having the maximum inclination
1s defined as a tangent to the rise of the phosphorescence
spectrum on the short-wavelength side.

For phosphorescence measurement, a spectrophotofluo-
rometer body F-4500 and optional accessories for low
temperature measurement (which were manufactured by
Hitachi High-Technologies Corporation) were used. The
measurement mnstrument 1s not limited to this arrangement.
A combination of a cooling unit, a low temperature con-
tainer, an excitation light source and a light-recerving unit
may be used for measurement.
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(3) AST

AST was obtained as a difterence between EgS and Eg. -
measured 1n the above (1) and (2) (see the above numerical
formula (2)). The results are shown 1n Table 1.

A half bandwidth of photoluminescence spectrum was
obtained as follows.

Each of the compounds was formed 1n a 100 nm-thick
film on a glass substrate with a deposition apparatus to
prepare a sample for fluorescence measurement.

The sample for phosphorescence measurement was irra-
diated with excitation light at a room temperature 300(K), so
that fluorescence 1ntensity was measured while changing a
wavelength.

The photoluminescence spectrum was expressed 1n coor-
dinates of which ordinate axis indicated fluorescence inten-
sity and of which abscissa axis indicated the wavelength. For
fluorescence measurement, a spectrophotofluorometer
F-4500 (manufactured by Hitachi High-Technologies Cor-
poration) was used.

The half bandwidth (unit: nm) was measured based on the
photoluminescence spectrum.

The compounds H-1, H-2 and H-3 were measured with

respect to the half bandwidth. The results are shown 1n Table
1.

TABLE 1

EgS Eg Half
Host (Thin Film) (77K) AST Bandwidth
Material [eV] [eV] [eV] [nm |
H-1 3.02 2.73 0.29 57
H-2 2.99 2.71 0.28 67
H-3 3.02 2.74 0.28 62
GH-4 2.98 2.91 0.07 —
GD-1 247 1.80 0.67 —
BH-1 2.90 2.84 0.06 —
BD-1 2.69 — — —

Molecular orbital views of the compounds H-1 to H-3 are
respectively shown in FIGS. 9 to 11. Preparation and Evalu-
ation of Organic EL Device

The organic EL devices were prepared in the following
manner and evaluated.

Example 1

A glass substrate (size: 25 mmx75 minx1.1 mm thick,
manufactured by Geomatec Co., Ltd.) having an I'TO trans-
parent electrode (anode) was ultrasonic-cleaned in 1sopropyl
alcohol for five minutes, and then UV/ozone-cleaned for 30
minutes. A {ilm of ITO was 77 nm thick.

After the glass substrate having the transparent electrode
line was cleaned, the glass substrate was mounted on a
substrate holder of a vacuum evaporation apparatus. Ini-
tially, a compound HI-1 was deposited on a surface of the
glass substrate where the transparent electrode line was
provided 1n a manner to cover the transparent electrode,
thereby forming a 5-nm thick film of the compound HI-1.
The HI-1 film serves as a hole injecting layer.

After the film formation of the HI-1 film, a compound
HT-1 was deposited on the HI-1 film to form a 125-nm thick
HT-1 film. The HT-1 film serves as a first hole transporting
layer.

A compound HT-2 was deposited on the HI-1 film to form
a 25-nm thick HT-2 film. The HT-2 film serves as a second
hole transporting layer.

A compound H-1 (a host material) and a compound BD-1
(a fluorescent dopant material) were co-deposited on the
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HT-2 film to form a 25-nm thick emitting layer. The con-
centration of the dopant material was set at 4 mass %.

An electron transporting compound ETA was deposited
on the emitting layer to form a 5-nm thick hole blocking
layer.

Further, the compound E'T-2 and Liq were co-deposited
on the ET-1 film to form a 20-nm thick electron transporting
layer. The concentration of Liq was set at 50 mass %.

Li1g was deposited on the electron transporting layer to
form a 1-nm thick Liq film.

A metal Al was deposited on the Liq film to form an
80-nm thick metal cathode.

A device arrangement of the organic EL device in
Example 1 1s schematically shown as follows.

ITO(77)/HI-1(5)/HT-1(125)/HT-2(25)H-1:BD-1(25,4%)/
ET-1(5)/ET-2:Liq(20,50%)/Liq(1)/Al(80)

Numerals 1n parentheses represent a film thickness (unait:
nm). Numerals represented by percentage 1n the same paren-
theses represent a ratio (mass %) of an added component
such as the fluorescent dopant material in the emitting layer.

Example 2

A glass substrate (size: 25 mmx75 mmx1.1 mm thick,
manufactured by Geomatec Co., Ltd.) having an I'TO trans-
parent electrode (anode) was ultrasonic-cleaned in 1sopropyl

alcohol for five minutes, and then UV/ozone-cleaned for 30
minutes. A film of ITO was 77 nm thick.

After the glass substrate having the transparent electrode
line was cleaned, the glass substrate was mounted on a
substrate holder of a vacuum evaporation apparatus. Ini-
tially, a compound HI-1 was deposited on a surface of the
glass substrate where the transparent electrode line was
provided 1 a manner to cover the transparent electrode,
thereby forming a 5-nm thick film of the compound HI-1.
The HI-1 film serves as a hole 1njecting layer.

After the film formation of the HI-1 film, a compound
HT-1 was deposited on the HI-1 film to form a 65-nm thick
HT-1 film. After the film formation of the H'T-1 film, a

compound HT-2 was deposited on the HT-1 film to form a
10-nm thick HT-2 film on the HT-1 film. The HT-1 film and

the HT-2 film serve as a hole transporting layer.

A compound H-2 (a host material) and a compound YD-1
(a fluorescent dopant material) were co-deposited on the
HT-2 film to form a 25-nm thick emitting layer. The con-
centration of the dopant material was set at 4 mass %.

An electron transporting compound ET-3 was deposited
on the emitting layer to form a 5-nm thick hole blocking
layer.

ET-2 was deposited on the hole blocking layer to form a
30-nm thick electron transporting layer.

Li1g was deposited on the electron transporting layer to
form a 1-nm thick LiF film.

A metal Al was deposited on the Lig film to form an
80-nm thick metal cathode.

A device arrangement ol the organic EL device in
Example 2 1s schematically shown as follows.

ITO(77)YHI-1(3)/HT-1(65)/HT-2(10)/H-2:YD-1(25,4%)/
ET-3(5)/ET-2(30)/LiF(1)/ Al(80)
Numerals 1n parentheses represent a film thickness (unit:

nm). The numerals represented by percentage in parentheses
indicate a ratio (mass %) of YD-1.
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Example 3

An organic EL device was manufactured in the same
manner as Example 2 except that the compound H-3 was
used as the host material 1n place of the compound H-2.

Example 4

A glass substrate (size: 25 mmx75 mmx1.1 mm thick,
manufactured by Geomatec Co., Ltd.) having an I'TO trans-
parent electrode (anode) was ultrasonic-cleaned 1n 1sopropyl
alcohol for five minutes, and then UV/ozone-cleaned for 30
minutes. A film of ITO was 130 nm thick.

After the glass substrate having the transparent electrode
line was cleaned, the glass substrate was mounted on a
substrate holder of a vacuum evaporation apparatus. Ini-
tially, a compound HI-2 was deposited on a surface of the
glass substrate where the transparent electrode line was
provided 1 a manner to cover the transparent electrode,
thereby forming a 50-nm thick film of the compound HI-2.
The HI-2 film serves as a hole injecting layer.

After the film formation of the HI-2 film, a compound
H'T-2 was deposited on the HI-2 film to form a 60-nm thick
HT-2 film. The HT-2 film serves as a hole transporting layer.

The compound GH-4 (a host material) and the compound
GD-1 (a fluorescent dopant material) were co-deposited on
the HI-2 film to form a 30-nm thick emitting layer. The
concentration of the dopant material was set at 5 mass %.

An electron transporting compound E'T-4 was deposited
on the emitting layer to form a 25-nm thick electron trans-
porting layer.

LiF was deposited on the electron transporting layer to
form a 1-nm thick LiF film.

A metal Al was deposited on the LiF film to form an
80-nm thick metal cathode.

Thus, the organic EL device of Example 4 was manufac-
tured.

A device arrangement of the organic EL device 1n
Example 4 1s schematically shown as follows.

ITO(130)/HI-2(50)HT-2(60)/GH-4:GD-1(30,5%)/E'T-4
(25)/LiF(1)/ Al(80)

Example 5

A glass substrate (size: 25 mmx75 mmx1.1 mm thick,
manufactured by Geomatec Co., Ltd.) having an I'TO trans-
parent electrode (anode) was ultrasonic-cleaned in 1sopropyl
alcohol for five minutes, and then UV/ozone-cleaned for 30
minutes. A {ilm of ITO was 70 nm thick.

After the glass substrate having the transparent electrode
line was cleaned, the glass substrate was mounted on a
substrate holder of a vacuum evaporation apparatus. Ini-
tially, a compound HI-1 was deposited on a surface of the
glass substrate where the transparent electrode line was
provided 1n a manner to cover the transparent electrode,
thereby forming a 5-nm thick film of the compound HI-1.
The HI-1 film serves as a hole injecting layer.

After the film formation of the HI-1 film, a compound
HT-1 was deposited on the HI-1 film to form a 125-nm thick
HT-1 film. After the film formation of the HT-1 film, a
compound HT-2 was deposited on the HT-1 film to form a
25-nm thick HT-2 film on the HT-1 film. The HT-1 film and
the HT-2 film serve as a hole transporting layer.

A compound BH-1 (a host material) and a compound
BD-1 (a fluorescent dopant material) were co-deposited on
the HI-2 film to form a 25-nm thick emitting layer. The
concentration of the dopant material was set at 4 mass %.
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An electron transporting compound E'T-1 was deposited
on the emitting layer to form a 5-nm thick hole blocking

layer.

ET-2 and Lig were co-deposited on the hole blocking
layer to form a 20-nm thick electron transporting layer. A
concentration ratio between E'1-2 and Liq was set at 50 mass
%:50 mass %.

L.1g was deposited on the electron transporting layer to
form a 1-nm thick Liq film.

A metal Al was deposited on the Lig film to form an
80-nm thick metal cathode.

Thus, the organic EL device of Example 5 was manufac-
tured.

A device arrangement ol the organic EL device in
Example 5 1s schematically shown as follows.

ITO(70)/HI-1(S)/HT-1(1235)HT-2(25)/BH-1:BD-1(25,
4%)/ET-1(5)/ET-2:1.1q(20,50%)/L1q(1 )/ Al(80)

Evaluation of Organic EL Devices

The manufactured organic EL devices were evaluated in
terms of drive voltage, luminous intensity, CIE1931 chro-
maticity, current efhiciency L/J, power efliciency primary
peak wavelength A, and external quantum ei‘iciency EQE.
The current densHy was set at 1.00 mA/cm” or 10.00
mA/cm”. The results are shown in Table 2.

The manufactured organic EL devices were evaluated in
terms of delayed fluorescence ratio and residual strength
ratio supposing that the current density was 1.00 mA/cm”.
The details are shown below.

Drive Voltage

Voltage was applied between ITO and Al such that the
current density was 1.00 mA/cm® or 10.00 mA/cm?®, where
the voltage (unit: V) was measured.

CIE1931 Chromaticity

Voltage was applied on each of the organic EL devices
such that the current density was 1.00 mA/cm~ or 10.00
mA/cm”®, where CIE1931 chromaticity coordinates (X, y)
were measured using a spectroradiometer CS-1000 (manu-
factured by Konica Minolta Holdings, Inc.).

Current Efliciency L/J and Power Efficiency U

Voltage was applied on each of the organic EL devices

such that the current density was 1.00 mA/cm” or 10.00
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Delayed Fluorescence Ratio
Voltage pulse wavetorm (pulse width: 500 micro second.,

frequency: 20 Hz, voltage: equivalent to 0.1 to 100 mA/cm?)
output from a pulse generator (8114A: manufactured by
Agilent Technologies) was applied. EL emission was input
in a photomultiplier (R928: manufactured by Hamamatsu
Photonics K.K.). The pulse voltage waveiorm and the EL
emission were synchronized and loaded i an oscilloscope
(2440: Tektromix) to obtain a transitional EL. waveform.
Reciprocal numbers of square root of luminous intensity
were plotted, which were fitted 1n a linear line using a value
before the elapse of 107 seconds calculated by the method
ol least squares to determine a delayed fluorescence ratio.

The transitional EL. waveform where voltage of 1.00
mA/cm® was applied on the organic EL device of the
Example 1 at the room temperature 1s shown in FIG. 12. The
pulse voltage was removed at the time of about 3x10~®
seconds.

Based on the graph, where the voltage removal time was
a starting point and the reciprocal numbers of the square root
of luminous intensity before the elapse of 1.5x107> seconds
alter voltage removal were plotted, the delayed fluorescence
ratio of the organic EL device of the Example 1 was 45.9%.
This delayed fluorescence ratio exceeded the theoretical
upper-limit (37.5%) of the T'TF ratio.

It was read from the graph in FIG. 12 that a residual
strength ratio in 1 us was 46.2%.

For the organic EL devices according to the Examples 2
to 5, transitional ELL waveforms were obtained 1n the same
manner as in Example 1. Specifically, reciprocal numbers of
square root of the luminous intensity were plotted and were
fitted in a linear line using a value before the elapse of 107>
seconds calculated by the method of least squares, which
were analyzed to determine a delayed fluorescence ratio,
thereby obtaining residual strength ratio in 1 us. The tran-
sitional ELL waveforms of the organic EL devices in the
Examples 2, 3 and 5 are respectively shown n FIGS. 13 to
15. The transitional ELL waveform of the organic EL device
in the Example 4 1s shown in FIG. 6A.

The delayed fluorescence ratio and residual strength ratio
of the organic ELL devices 1n the Examples 1 to 5 are shown

mA/cm”, where spectral radiance spectra were measured by in Table 3.
TABLE 2
Current
Host Density  Voltage Luminance L/] M Chroma-  Chroma- Ap EQE
Material [mA/cm?] [V] [cd/m?] [cd/A] [Im/W]  ticity X ticity vy [nm] [%]
Ex. 1 H-1 1.00 3.80 07.6 0.76 5.59 0.128 0.214 473 4.67
Ex. 2 H-2 1.00 3.52 147.2 14.772 13.12 0.497 0.4%81 572 4.94
Ex. 3 H-3 1.00 3.30 122.0 12.20 11.60 0.506 0.482 572 4.11
Ex. 4 GH-4 10 00 3.97 15%85.2 15.85 12.85 0.274 0.606 520 4.59
[GH-1] 1.00 3.44 174.0 17.40 15.89 0.276 0.604 522 5.04
Ex. 5> BH-1 1.00 3.81 57.6 5.76 4.75 0.130 0.197 471  4.16
‘ - 55
the aforementioned spectroradiometer. Based on the TABI E 3
obtained spectral radiance spectra, the current efliciency
(unit: cd/A) and the power efliciency 1 (unit: Im/W) were Delayed Residual
calculated. Fluorescence Strength
. o N
Main Peak Wavelength A, 60 Ratio [7o] Ratio [7]
A main peak wavelength A was calculated based on the Fx 1 450 46
obtained spectral-radiance spectra Ex 2 A7 5 419
External Quantum Efliciency EQE Ex. 3 541 50.1
The external quantum efliciency EQE (unit: %) was Fx. 4 41.0 39.8
calculated based on the obtained spectral-radiance spectra, 65 Ex. 5 38.7 36.3

assuming that the spectra was provided under a Lambertian
radiation.



US RE49,343 E

61

Reference Example

Herein, the organic EL device described in Literature 3

are shown as a reference example and compared with the

organic EL. device of Example 1 in terms of the device

arrangement.

A device arrangement of the organic EL devices 1n the
reference example 1s schematically shown below in the same

manner as 1n Example 1.
ITO(110)/NPD(40)m-CP(10)/m-CP:PIC-TRZ(20,6%)/
BP4 mPy(40)/LiF(0.8)/ Al(70)

Compounds used 1n the reference example will be shown

below.

a-NPD
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-continued

/7 N\_J/ §

\

/

BP4mPy

The device only exhibits the maximum EQE of 5.1% 1n
the current density area of 0.01 mA/cm® which is much
lower than the current density area in a practical use.
Accordingly, in a high current density area around 1
mA/cm?, roll-off is generated and a luminous efficiency is
reduced.

Accordingly, 1t 1s recognized that the organic EL devices
of Examples 1 to 5 emitted light with a high efliciency even
in the high current density area.

What 1s claimed 1s:

[1. An organic electroluminescence device comprising:

a cathode;

an anode; and

an organic thin-film layer disposed between the cathode
and the anode, the organic thin-film layer having one or
more layers comprising an emitting layer,

the emitting layer comprising a first material represented
by a formula (1) below and a second material 1n a form
of a fluorescent dopant material,

(1)
(Biz—L—A),

where, 1n the formula (1):
A 1s a group having a partial structure selected from formu-
lae (a-1) to (a-7) below;
B 1s a group having a partial structure selected from formu-
lae (b-1) to (b-6) below;
L. represents a single bond or a linking group;
the linking group 1s:
a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms;
a substituted or unsubstituted heterocyclic group having 3
to 30 ring atoms; or
a group derived from a group formed by mutually bond-
ing two to five of the substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms and/or the
substituted or unsubstituted heterocyclic group having,
5 to 30 ring atoms,
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the mutually bonded groups being the same or dr:

Terent:

a 1s an nteger 1 a range from 1 to 5 representing the
number of a substituent(s) of A directly bonded to L;
a plurality of A being mutually the same or different when

a 1s 2 or more,

b 1s an integer in a range from 1 to 5 representing the

number of a substituent(s) of B directly bonded to L,
a plurality of B being mutually the same or different when

b 1s 2 or more;

C=N

(a-1)

(a-2)

(a-3)

(a-4)

(a-3)

(a-6)
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(a-7)

(b-1)

(b-2)

(b-3)

(b-4)

(b-5)

(b-6)
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where
R 1s: a hydrogen atom;
a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms;

a substituted or unsubstituted heterocyclic group having 5
to 30 ring atoms; or

a substituted or unsubstituted alkyl group having 1 to 30
carbon atoms, and

when a plurality of R are present, the plurality of R being
mutually the same or different.]

[2. The organic electroluminescence device according to
claim 1, wherein B 1n the formula (1) 1s represented by one

of formulae (2), (3), (4), (5) and (6) below,

(2)

R! R” RS
RZ )& R’
R’ (LY R®
R4 R>

where: R' and R” each independently represent:

a hydrogen atom;

a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms;

a substituted or unsubstituted heterocyclic group having 3
to 30 ring atoms;

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

a substituted or unsubstituted alkylsilyl group having 3 to
30 carbon atoms;

a substituted or unsubstituted arylsilyl group having 6 to
60 ring carbon atoms;

a substituted or unsubstituted alkoxy group having 1 to 30
carbon atoms;

a substituted or unsubstituted aryloxy group having 6 to
30 ring carbon atoms;

a substituted or unsubstituted alkylamino group having 2
to 30 carbon atoms;

a substituted or unsubstituted arylamino group having 6 to
60 ring carbon atoms;

a substituted or unsubstituted alkylthio group having 1 to
30 carbon atoms; or

a substituted or unsubstituted arylthio group having 6 to
30 ring carbon atoms, at least one of the combinations
of R' and R*, R® and R, R® and R*, R” and R°®, R® and
R’, R’ and R® R® and R” and R” and R' optionally
forming a saturated or unsaturated ring structure;

L' is a linking group selected from formulae (21) to (27)
below,

nl represents an mteger in a range from 1 to 3, and, when
nlis 2 or 3, plural L' are mutually the same or different,
and

X" is a linking group selected from formulae (41) to (45)
below,

(21)
7N
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X (22)
PN
(23)
R 101
|
N
PN
(24)
(25)
R 101 R 101
(26)
R 101 R 101
R 101 //f \\\ R 101
(27)
101 R0l
\ /
S1
PN

where, in the formulae (23) to (27), R*°" is the same as R’
to R” in the formula (2),

with a proviso that, in the formula (2), one of R' to R” or
one of R'! is a single bond to be bonded to L, and

when a plurality of R'®" are present, the plurality of R™"*
are mutually the same or different,

(41)
RN

(42)
PN
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(43)
]TI
N
N
(44)
;Ii
(45)
R* R*
\/
7 UIN

where, 1 the formulae (43) to (45), R* represents:

a hydrogen atom:;

a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms;

a substituted or unsubstituted heterocyclic group having 3
to 30 ring atoms; or

a substituted or unsubstituted alkyl group having 1 to 30
carbon atoms, and

when a plurality of R* are present, the plurality of R are
mutually the same or diflerent,

(3)

where, in the above formula (3), R*' to R** are the same as
R' to R” in the formula (2), one of the combinations of R*'

and R**, R** and R*°, and R*> and R** optionally forming a
saturated or unsaturated cyclic structure; and
X" is a linking group selected from the formulae (41) to

(45), with a proviso that, in the above formula (3), one
of R*' to R** and R” is a single bond to be bonded to

L,

(4)

where, 1in the formula (4):

R*> to R°" represent the same as R* to R” in the formula
(2), one of the combinations of R*> and R*°, R*’ and

R*®, R*® and R*”, and R*” and R’ optionally forming
a saturated or unsaturated cyclic structure; and
X" is a linking group selected from the formulae (41) to

(45), with a proviso that, in the above formula (4), one
of R*> to R*° and R* is a single bond to be bonded to

L,
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R34 R3 5

R 33 / \ / \ R 36

R32 R3 7

R3 1 R38

where, 1n the formula (5):

R>! to R’® are the same as R* to R” in the formula (2), one
of the combinations of R*! and R>*, R** and R*°, R**
and R°*, and R’> and R°°, R°°and R”*’, and R°’ and R°®
optionally forming a saturated or unsaturated cyclic
structure; and

X' is a linking group selected from the formulae (41) to

(45), with a proviso that, in the above formula (5), one
of R*! to R?® and R* is a single bond to be bonded to

L,

(Z°),—Ar"— (6)

where, 1n the formula (6):

Ar” represents a substituted or unsubstituted aryl group
having 6 to 30 ring carbon atoms;

/b represents:

a substituted or unsubstituted tertiary alkyl group having
4 to 30 carbon atoms;

a substituted or unsubstituted alkylsilyl group having 3 to
30 carbon atoms;

a substituted or unsubstituted arylsilyl group having 6 to
60 ring carbon atoms;

a substituted or unsubstituted alkoxy group having 1 to 30
carbon atoms;

a substituted or unsubstituted aryloxy group having 6 to
30 ring carbon atoms;

a substituted or unsubstituted alkylamino group having 2
to 60 carbon atoms;

a substituted or unsubstituted arylamino group having 6 to
60 ring carbon atoms;

a substituted or unsubstituted alkylthio group having 1 to
30 carbon atoms; or

a substituted or unsubstituted arylthio group having 6 to
30 ring carbon atoms,

r 1s an integer 1n a range from 1 to 5 representing the
number of a substituent(s) of Z” directly bonded to A”,
and

a plurality of Z” being mutually the same or different when
r is 2 or more.]

[3. The organic electroluminescence device according to

claim 2, wherein

the formula (2) 1s represented by a formula (2a) below,

(2a)

\/Xl\/*[ X
' \ |

m(R1)y— — R,

NN NS

where, R'” is the same as R' to R” in the formula (2),
ml and m3 represent an integer 1n a range irom 0 to 4, m2
represents an integer 1n a range from O to 2,
plural R'® being mutually the same or different, and
X' is a linking group selected from the formulae (41) to
(45), plural X' being mutually the same or different,
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with a proviso that, in the formula (2a), one of R'® and
R”* 1n the formulae (43) to (45) 15 a single bond to be
bonded to L.]

[4. The organic electroluminescence device according to

claim 2, wherein
at least one of R°" to R”® in the formula (5) is represented
by a formula (51) below,

(51)

where: R>” represents the same as R' to R” in the formula
(2),
r represents an integer in a range from 0 to 3 and S
represents an integer 1 a range from 0 to 4,
plural R*” being mutually the same or different;
X' is a linking group selected from the formulae (41) to
(45).
L°' represents a single bond or a linking group, and
the linking group 1s:
a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms;
a substituted or unsubstituted heterocyclic group having 5
to 30 ring atoms; or
a group derived from a group formed by mutually bond-
ing two to five of the substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms and/or the
substituted or unsubstituted heterocyclic group having
5 to 30 ring atoms,
the mutually bonded groups being mutually the same or
different.]
[S. The organic electroluminescence device according to
claim 1, wherein
A 1n the formula (1) 1s represented by one of formulae (8),

(9), (10), (11), (12), (13) and (14) below,

(8)

where, in the formula (8): two to four of Y' are a nitrogen
atom, one of Y' is a carbon atom bonded to [, and the rest
of Y! is CR”:
when the formula (8) includes a plurality of R”, the
plurality of R” independently represent: a hydrogen
atom;
a fluorine atom;
a cyano group;
a nmitro group;
a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms;
a substituted or unsubstituted heterocyclic group having 3
to 30 ring atoms;
a substituted or unsubstituted alkyl group having 1 to 30
carbon atoms;
a substituted or unsubstituted alkylcarbonyl group having
1 to 30 carbon atoms;
a substituted or unsubstituted arylcarbonyl group having
6 to 30 ring carbon atoms;
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a substituted or unsubstituted alkylsulfinyl group having 1
to 30 carbon atoms;

a substituted or unsubstituted arylsulfinyl group having 6
to 30 ring carbon atoms;

a substituted or unsubstituted alkylphosphinyl group hav-
ing 2 to 60 carbon atoms;

a substituted or unsubstituted arylphosphinyl group hav-
ing 6 to 60 ring carbon atoms;

a substituted or unsubstituted alkylsulfonyl group having
1 to 30 carbon atoms;

a substituted or unsubstituted arylsulfonyl group having 6
to 30 ring carbon atoms;

a substituted or unsubstituted alkylsilyl group having 3 to
60 carbon atoms;

a substituted or unsubstituted arylsilyl group having 8 to
60 ring carbon atoms;

a substituted or unsubstituted alkoxy group having 1 to 30
carbon atoms; or

a substituted or unsubstituted aryloxy group having 6 to
30 ring carbon atoms; and

adjacent two Y optionally form a saturated or unsaturated
cyclic structure when the adjacent two Y' are CR?,

()

where, in the formula (9), Y~ is the same as the other Y' in
the formula (8),

(10)

X3
NE Y3
V4 N\
X \( 7//\ s
Y 3/ \YS"-—'-'—Y3
(11)
Y3 3
e 2N
| Y
3 /4
Y\Y3/}RY3
(12)
3
/X\

N/
Y3 _ Y3

where, 1n the formulae (10), (11) and (12):

Y~ represents the same as Y in the formula (8); and
X is a linking group selected from formulae (41) to (45)
below,

(41)
N
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S 42)
PN
(43)
]TI
N
(44)
R)Ii
(45)
R* R*
\S/
N

where, 1n the above formulae (43) to (43):
R* independently represents:
a hydrogen atom:;

a substituted or unsubstituted aryl group having 6 to 30
carbon atoms;

a substituted or unsubstituted heterocyclic group having 5
to 30 ring atoms; or

a substituted or unsubstituted alkyl group having 1 to 30
carbon atoms, and

when a plurality of R* are present, the plurality of R™ are
mutually the same or different,

(13)
O

\)\)J\)\/RM

R4 R48

R42 ‘ \ ‘ \

R43/\K\6L4§;Y\ R46
R44 R45

where, 1n the formula (13):
one of R*" to R* is a single bond to be bonded to L;

the rest of R*' to R*® represent the same as R” in the
formula (8);

L* is a linking group selected from formulae (131) to

(136) below; and

p represents an integer 1n a range from 1 to 3, a plurality
of L* being mutually the same or different when p is 2
or 3,

(131)
PN
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(132)

(133)

(134)
R301 R301

(135)

R301 R301

(136)

where, 1n the above formulae (133) to (136):
each of R*°! independently represents:
a hydrogen atom;
a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms;
a substituted or unsubstituted heterocyclic group having 5
to 30 ring atoms; or

a substituted or unsubstituted alkyl group having 1 to 30

carbon atoms, and
when a plurality of R°°" are present, the plurality of R*%"
are mutually the same or diflerent,

—Ar—(Z7),, (14)

where, 1n the formula (14):

Ar” represents:

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

a substituted or unsubstituted heterocyclic group having 5
to 30 ring atoms;

/Zr” represents:

a fluorine atom;

a cyano group;

a nitro group;

a substituted or unsubstituted alkylcarbonyl group having
1 to 20 carbon atoms:

a substituted or unsubstituted arylcarbonyl group having
6 to 30 ring carbon atoms;

a substituted or unsubstituted alkylsulfinyl group having 1
to 20 carbon atoms;
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a substituted or unsubstituted arylsulfinyl group having 6
to 30 ring carbon atoms;

a substituted or unsubstituted alkylphosphinyl group hav-
ing 2 to 60 carbon atoms;

a substituted or unsubstituted arylphosphinyl group hav-
ing 6 to 60 ring carbon atoms;

a substituted or unsubstituted alkylsulfonyl group having
1 to 30 carbon atoms; or

a substituted or unsubstituted arylsulfonyl group having 6
to 30 ring carbon atoms;

g 1s an integer 1 a range from 1 to 5 representing the
number of a substituent(s) of Z“ directly bonded to Ar”;
and

a plurality of Z% are mutually the same or different when
q is 2 or more.]

[6. The organic electroluminescence device according to

claim 1, wherein

the second maternal 1n the form of the fluorescent dopant
material 1s represented by a formula (20) below,

(20)
AI] Aty
\ /
N—Arg—N
Arz/ \Arg

where, 1n the formula (20):

Ar, 1s a substituted or unsubstituted divalent fused aro-
matic hydrocarbon group having 10 to 50 ring carbon
atoms; and

Ar, to Ar, each independently represent:

a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms;

a substituted or unsubstituted heterocyclic group having 5
to 30 ring atoms;

a substituted or unsubstituted alkyl group having 6 to 30
carbon atoms; or

a substituted or unsubstituted aralkyl group having 7 to 30
carbon atoms.]

[7. The organic electroluminescence device according to

claim 1, wherein

the organic electroluminescence device exhibits a delayed
fluorescence ratio larger than 37.5%.]

[8. The organic electroluminescence device according to

claim 1, wherein

the organic electroluminescence device exhibits a residual
strength ratio larger than 36.0% after an elapse of 1 us
alter voltage removal 1n a transitional EL. measure-
ment.J

[9. The organic electroluminescence device according to

claim 1, wherein

a half bandwidth of a photoluminescence spectrum of the
first material is 50 nm or more.]

[10. An organic electroluminescence device comprising:

a cathode;

an anode; and

an organic thin-film layer disposed between the cathode
and the anode, the organic thin-film layer having one or
more layers comprising an emitting layer,

the emitting layer comprising a first material represented
by a formula (1) below and a second matenal 1n a form
ol a dopant matenal,

with a proviso that the dopant material 1s not a heavy
metal complex,
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(1)

(Byz—L— Al

where, 1n the formula (1):

A 1s a group having a partial structure selected from formu-
lae (a-1) to (a-7) below;
B 1s a group having a partial structure selected from formu-
lae (b-1) to (b-6) below;
L represents a single bond or a linking group;

the linking group 1s:

a substituted or unsubstituted aryl group having 6 to 30

ring carbon atoms;

a substituted or unsubstituted heterocyclic group having 3
to 30 ring atoms; or

a group derived from a group formed by mutually bond-
ing two to five of the substituted or unsubstituted aryl
group having 6 to 30 ring carbon atoms and/or the
substituted or unsubstituted heterocyclic group having,
5> to 30 ring atoms, the mutually bonded groups being
mutually the same or diflerent;

a 1s an integer in a range irom 1 to 5 representing the
number of a substituent(s) of A directly bonded to L;

a plurality of A being mutually the same or different when
a 1s 2 or more; and

b 1s an 1nteger 1n a range from 1 to 5 representing the
number of a substituent(s) of B directly bonded to L,

a plurality of B being mutually the same or different when
b 1s 2 or more,

(a-1)

(a-2)
(=—N
(a-3)
O
|
(a-4)

O

_}z
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(a-3) (b-5)
0, 0 &
\/ AR
5
10
b-6
) (2-6) I‘{ (b-6)
R R
‘ \Gef
S
where, 1 the formulae (b-1) to (b-6):
. 20 R 1s:
0O (1) a hydrogen atom;
| a substituted or unsubstituted aryl group having 6 to 30
P ring carbon atoms;
a substituted or unsubstituted heterocyclic group having 5
Y P 23 to 30 ring atoms; or
a substituted or unsubstituted alkyl group having 1 to 30
carbon atoms; and
when a plurality of R are present, the plurality of R are
mutually the same or different.]
30  11. An organic electroluminescence device, comprising:
a cathode;
(b-1) an anode; and
R an organic thin-film layer disposed between the cathode
R\\(‘ij and the anode, the organic thin-film layver having one
35 or movre lavers comprising an emitting layver, the emit-
ting laver comprising a first material of formula (le)
below and a second material in a form of a fluovescent
dopant material,
40
(1e)
B\L—A
(b-2) o ’
R\ ,--'R
N
> where, in the formula (le):
L is a substituted ov unsubstituted phenyl group;
A is a group of formula (a-2)
50 (@-2)
R
O/"
55
B is independently a group of formula (5):
()
60
(b-4)
/R

- 65
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where, in the formula (5):
R’ to R°° are independently

a hyvdrogen atom,

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

a substituted ov unsubstituted hetevocyclic group hav-
ing J to 30 ring atoms,

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

a substituted ov unsubstituted alkyisilyl group having 3
to 30 carbon atoms,

a substituted or unsubstituted aryisilyl group having 6
to 60 ring carbon atoms,

a substituted ov unsubstituted alkoxy group having 1 to
30 carbon atoms,

a substituted or unsubstituted aryloxy group having 6 to
30 ving carbon atoms,

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

a substituted or unsubstituted alkyithio group having I
to 30 carbon atoms, or

a substituted or unsubstituted aryithio group having 6
to 30 ving carbon atoms; and

X' is a linking group of formula (41), (42), (43), or (45),
with a proviso that, in the above formula (5), one of B>’
to R°® or R* in each B is a single bond directly bonded

to L,
(41)
O
N
. (42)
N
) (43)
!
N
(45)
RY RX
\S/
NG

where, in the formulae (43) to (45), R is independently.

a hydrogen atom,

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

a substituted or unsubstituted heterocyclic group having 5
fo 30 ring atoms, or

a substituted orv unsubstituted alky! group having I to 30
carbon atoms;

whevrein, in at least one of two B that are groups of the
Jormula (5) in the formula (le), one of the combinations
of R°! and R°°, R°° and R”°, R°>° and R°?, R’ and R°°
R°° and R°’, and R°" and R’° forms a saturated or
unsaturated cyclic structure,

whevrein the first material represented by the formula (le)
does not comprise a structure of formula (51) in a

molecule:
; (51)
R . &),
T
_-—-"'Ldjfk-__/ \;
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where, in the formula (51):

R°7 is independently:
a hyvdrogen atom,
a substituted or unsubstituted ary! group having 6 to 30
ring carbon atoms,
a substituted ov unsubstituted hetevocyclic group hav-
ing 5 to 30 ring atoms,
a substituted or unsubstituted alkyl group having 1 to
30 carbon atoms,
a substituted ov unsubstituted alkyisilyl group having 3
to 30 carbon atoms,
a substituted or unsubstituted aryisilyl group having 6
to 60 ring carbon atoms,
a substituted ov unsubstituted alkoxy group having 1 to
30 carbon atoms,
a substituted or unsubstituted aryvloxy group having 6 to
30 ving carbon atoms,
a substituted or unsubstituted alkylamino group having
2 to 30 carbon atoms,
a substituted or unsubstituted arylamino group having
6 to 60 ring carbon atoms,
a substituted or unsubstituted alkylthio group having I
to 30 carbon atoms, or
a substituted or unsubstituted aryithio group having 6
to 30 ving carbon atoms;
v is an integer in a range from 0 to 3;
S is an integer in a range from 0 to 4;
X is a linking group of formula (44) below:

(44)
1R

P

where, in the formula (44), R™ is independently:
a hyvdrogen atom,
a substituted or unsubstituted ary! group having 6 to 30
ring carbon atoms,
a substituted ov unsubstituted hetevocyclic group hav-
ing J to 30 ring atoms, or
a substituted or unsubstituted alkyl group having 1 to
30 carbon atoms;
L% is a single bond or a linking group selected from the
group consisting of:
a substituted or unsubstituted ary! group having 6 to 30
ring carbon atoms,
a substituted ov unsubstituted hetevocyclic group hav-
ing 5 to 30 ving atoms, and
a group derived from a group formed by mutually
bonding two to five of the substituted or unsubsti-
tuted aryl group having 6 to 30 ring carbon atoms
and/or the substituted or unsubstituted hetervocvclic
group haying 5 to 30 ring atoms, the mutually
bonded groups being mutually the same or different;
and
wherein the first material does not comprise a substituted
or unsubstituted aryvlamino group having 6 to 30 rving
carbon atoms in a molecule;
wherein the first material does not include an arylamino
group in a foil of —N(Rw), in a molecule, Rw being a
substituted or unsubstituted ary! group having 6 to 30
ving carbon atoms;
wherein the first material does not include a group of
Jormula (b-2) in a molecule,
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(b-2)

in which R is a substituted ov unsubstituted heterocyclic

group having 5 to 30 ring atoms;

wherein the first material does not include a group of

Jormula (2b),

R3
2 ‘ )\ 7
R\)\/N ~ X
S

Ri"

T T ]

.R3’fﬂ\““jﬁﬁﬁp (I{Z;ﬂahwr,ff-\nqd
R4

R5

in a molecule, whevre, in the formula (2b),
R’ to R” are independently:

a hyvdrogen atom,

(20)

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

a substituted or unsubstituted hetervocyclic group hav-
ing 5 to 30 ring atoms,

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

a substituted or unsubstituted alkyisilyl group having 3
to 30 carbon atoms,

a substituted or unsubstituted aryisilyl group having 6
to 60 ring carbon atoms,

a substituted ov unsubstituted alkoxy group having 1 to
30 carbon atoms,

a substituted or unsubstituted aryloxy group having 6 to
30 ving carbon atoms,

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

a substituted or unsubstituted alkyithio group having I
to 30 carbon atoms, or

a substituted or unsubstituted arylthio group having 6
to 30 ring carbon atoms, at least one of the combi-
nations of Riand R°, R and R°, R° and R°, R° and
R® R® and R”, R” and R°, R® and R® and R° and R’
optionally forming a saturated orv umnsaturated ring
structure.

L’ is independently a linking group selected from formu-

lae (21) to (27) below,

i 21
PN
. 22)
PN
23)
R 01
|
N
PN
24
R 101 R 104
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-continued
(25)
101 plo]
\_ /
101 P10 (20
P10 / \ pl0]
(27)
pI0I pI0
\S/
SN

where, in the formulae (23) to (27), R'% is independently
any group as defined for R’ to R® in the formula (2b), with
a proviso that, in the formula (2b), one of R’ to R° or one of
R'%! s a single bond to be bonded to L,

nl is an integer in a vange from 1 to 3, and, when nl is

2 or 3, plural L’ are mutually the same or different,

wherein the first material does not include an azacarba-

zolyl group,; and

wherein L of the first material vepresented by the formula

(Ie) does not include an anthryl group;

wherein the first material of formula (le) does not have a

structure of formula (101),

(101)
A
L
N,
Yy Yis
/T QA
Y / Y
\ / Y 1) Y33
N\ / Yo7 ~=Y)y
Yi3 —=Yis 4 / \
Yiq Yys };' / )\ \
20 25
QA V4
Yy5 v Y6
L
A

where, in the formula (101),
A, and A, are independently:

a hydrogen atom,

a halogen atom,

a cyano group,

a substituted or unsubstituted ary! group having 6 to 30
ring carbon atoms,

a substituted ov unsubstituted hetevocyclic group hav-
ing J to 30 ring atoms,

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

a substituted ov unsubstituted alkoxy group having 1 to
30 carbon atoms,

a substituted or unsubstituted aralkyl group having 7 to
30 carbon atoms,

a substituted or unsubstituted aryloxy group having 6 to
30 ving carbon atoms,
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a substituted or unsubstituted alkyisilyl group having 3
to 60 carbon atoms, or

a substituted or unsubstituted aryisilyl group having §
to 30 ving carbon atoms,

Y,, to Y,, and Y,; to Y,, in the formula (101) are
independently C(R) or a nitrogen atom, Y,;to Y,, are
independently a nitrogen atom, C(R) or a carbon atom
bonded with at least one of Y,,to Y,,, and Y,,to Y,
are independently C(R), a nitrogen atom or a carbon
atom bonded with at least one of Y,; to Y,,, with a
proviso that R is independently a hydrogen atom or a
substituent, the substituent for R being the same as the
substituents for A, and A,

L, and L, in the formula (101) are independently a single
bond, a substituted or unsubstituted divalent aromatic
hvdrocarbon group having 6 to 30 ring carbon atoms,
a substituted or unsubstituted divalent heterocyclic
group having 5 to 30 ring atoms ov a group formed by
mutually bonding the substituted or unsubstituted diva-
lent aromatic hydrocarbon group having 6 to 30 ring
carbon atoms and/ov the substituted or unsubstituted
divalent heterocyclic group having 5 to 30 ring atoms;

wherein, when X' in the formula (5) is of the formula (43),
R* is a single bond divectly bonded to L; and

wherein the first material does not comprise a partial
structure of formula (a-1) in a molecule

Y
}{c |

(a-1)

12. The device of claim 11, wherein the emitting layer
does not comprise a heavy metal complex.

13. The device of claim 11, wherein, in B,
at least one of R’ to R°° in the formula (5) has a structure

of formula (51) below,

(21)

where, in the formula (51), R*® is independently any group
as defined for R’ to R° in the formula (2b),
v is an integer in a rvange from 0 to 3, and
S is an integer in a range from 0 to 4,
X' is a linking group represented by the formula (41),
(42), (43), or (45),
L% is a single bond or a linking group, the linking group
being:
a substituted or unsubstituted aryl group having 6 to 30
ving carbon atoms;
a substituted ov unsubstituted hetevocyclic group hav-
ing J to 30 ring atoms; or
a group derived from a group formed by mutually bonding
two to five of the substituted or unsubstituted aryl group
having 6 to 30 ving carbon atoms and/or the substituted
or unsubstituted heterocyclic group having 5 to 30 ving
aloms,
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the mutually bonded groups being mutually the same or
different.

14. The device of claim 11, wherein the second material

in the form of the fluovescent dopant material has a structure

of formula (20) below,

(20)
API AF’4
\ /
N—Ary—N
Arg/ \Ar3

where, in the formula (20):

Ar, is a substituted or unsubstituted divalent fused aro-
matic hydrvocarbon group having 10 to 50 ring carbon
atoms; and

Ar, to Ar, are independently:

a substituted or unsubstituted ary! group having 6 to 30
ring carbon atoms;

a substituted ov unsubstituted hetevocyclic group hav-
ing 5 to 30 ring atoms,

a substituted or unsubstituted alkyl group having 6 to
30 carbon atoms; or

a substituted or unsubstituted aralkyl group having 7 to
30 carbon atoms.

15. The device of claim 11, exhibiting a delaved fluores-
cence ratio lavger than 37.5%.

16. The device of claim 11, exhibiting a residual strength
ratio larger than 36.0% after an elapse of 1 us after voltage
removal in a transitional EL measurement.

17. The device of claim 11, whervein a half bandwidth of
a photoluminescence spectrum of the first material is 50 nm
oF more.

18. The device of claim 11, wherein X’ is a linking group
of the formula (43), and R in the formula (43) is a single
bond bonded with L.

19. The device of claim 11, wherein at least one of R’ to
R’° has a structure of formula (51),

(21)

where, in the formula (51),
R*% is independently any group as defined for R’ to R® in
the formula (2b),
v is an integer rvanging from 0 to 3,
S is an integer ranging from 0 to 4,
X' is a linking group of the formula (43), and
L% is a single bond or a linking group, the linking group
being:
a substituted or unsubstituted ary! group having 6 to 30
ring carbon atoms;
a substituted orv unsubstituted hetevocyclic group hav-
ing 5 to 30 ring atoms; or
a group derived from a group formed by mutually
bonding two to five of the substituted or unsubsti-
tuted aryl group having 6 to 30 ring carbon atoms
and/or the substituted ov unsubstituted heterocyclic
croup having 5 to 30 ring atoms, the mutually
bonded groups being the same or different.
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20. The device of claim 19, wherein a plurality of X' are
linking groups of the formula (43), and at least one of R” in
the formula (43) is a single bond bonded with L.

21. The device of claim 11, wherein the fluorescent dopant
material is selected from the group consisting of a bisary-
lamino naphthalene devivative, an aryi-substituted naphtha-
lene derivative, a bisaryvlamino anthracene derivative, an
aryl-substituted anthracene derivative, a bisarylamino
pyrene derivative, an aryl-substituted pyrene dervivative, a
bisarylamino chrysene derivative, an aryl-substituted
chrysene devivative, a bisarylamino fluoranthene derivative,
an aryl-substituted fluoranthene derivative, an indenop-
ervlene devivative, a pyrromethene borvon complex com-
pound, a compound having a pyrromethene skeleton or a
metal complex thereof, a diketopyrrolopyrrole derivative,

and a perylene derivative.
22. The device of claim 11, wherein the first material does

not comprise a structure of formula (51A4) in a molecule,

(R§¢\\( Z/\j&eﬁ’)s

(514)

761 —
.--""'""- ——————,

where, in the formula (51A4),
R*? is independently any group as defined for R’ to R® in
the formula (2b),
v is an integer in a range from 0 to 3, and S is an integer
in a range from 0 to 4;
X' is a linking group of the formula (43),
L°! is a single bond or a linking group, the linking group
being:
a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms;
a substituted or unsubstituted hetervocyclic group hav-
ing 5 to 30 ring atoms; or
a group derived from a group formed by mutually
bonding two to five of the substituted or unsubsti-
tuted aryl group having 6 to 30 ring carbon atoms
and/or the substituted ov unsubstituted heterocyclic
group having 5 to 30 rving atoms, the mutually
bonded groups being mutually the same or different.
23. The device of claim 11, wherein the first material does
not comprise a partial structure of formula (b-5) in a
molecule,

(b-5)

where, in the partial structure of the formula (b-5), R is
independently:
a hyvdrogen atom;
a substituted ov unsubstituted aryl group having 6 to 30
ving carbon atoms;
a substituted or unsubstituted heterocyclic group having 5
to 30 ring atoms,; or
a substituted ov unsubstituted alky! group having I to 30
carbon atoms.
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24. The device of claim 23, wherein the first material does
not comprise a structure of formula (51C) in a molecule,

(R”?), X, (R3%)
.—--""Lfﬂ g e 1

where, in the formula (51C),
R*7 is independently:

a hydrogen atom,

a substituted or unsubstituted ary! group having 6 to 30
ring carbon atoms;

a substituted orv unsubstituted hetevocyclic group hav-
ing J to 30 ring atoms;

a substituted ov unsubstituted alkyl group having 1 to
30 carbon atoms,

a substituted ov unsubstituted alkyisilyl group having 3
to 30 carbon atoms;

a substituted ov unsubstituted arylsilyl group having 6
to 60 ring carbon atoms;

a substituted or unsubstituted alkoxy group having 1 to
30 carbon atoms;

a substituted or unsubstituted aryloxy group having 6 to
30 ving carbon atoms;

a substituted or unsubstituted alkylamino group having
2 to 30 carbon atoms;

a substituted or unsubstituted arylamino group having
6 to 60 ring carbon atoms,

a substituted or unsubstituted alkylthio croup having I
to 30 carbon atoms; or

a substituted or unsubstituted aryithio group having 6

to 30 ring carbon atoms;
v is an integer in a range from 0 to 3, and
S is an integer in a range from 0 to 4;
X' is a linking group of the formula (43):

(51C)

(43)

X

|
P

where, in the formula (43), R* is independently:

a hyvdrogen atom,

a substituted or unsubstituted ary! group having 6 to 30
carbon atoms,

a substituted ov unsubstituted hetevocyclic group hav-
ing 5 to 30 ring atoms, or

a substituted or unsubstituted alkyl group having 1 to
30 carbon atoms:;

L% is a single bond or a linking group, the linking group

being:

a substituted or unsubstituted ary! group having 6 to 30
ring carbon atoms;

a substituted orv unsubstituted hetevocyclic group hav-
ing 5 to 30 ring atoms; or

a group derived from a group formed by mutually
bonding two to five of the substituted or unsubsti-
tuted aryl group having 6 to 30 ring carbon atoms
and/or the substituted ov unsubstituted heterocyclic
group having 5 to 30 ring atoms, the mutually
bonded groups being mutually the same or different.
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25. The device of claim 11, wherein the first material does
not comprise a structure of formula (51D) in a molecule,

(R¥), X 39 -
XL
e L'ﬁ ##E/ \J J

where, in the formula (51D):
R°% is independently a substituted or unsubstituted ary-

lamino group having 6 to 60 ring carbon atoms,

v is an integer in a vange from 0 to 3 and S is an integer
in a range from 0 to 4, with a proviso that at least one
of ¥ and S is I or more;

X' is a linking group of the formula (43),

L°! is a single bond or a linking group, the linking group
being:

a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms;

a substituted ov unsubstituted hetervocyclic group hav-
ing J to 30 ring atoms; or

a group derived from a group formed by mutually
bonding two to five of the substituted or unsubsti-
tuted aryl group having 6 to 30 ring carbon atoms
and/or the substituted ov unsubstituted heterocyclic
croup having 5 to 30 vim atoms, the mutually bonded
groups being mutually the same or different.

26. The device of claim 11, wherein the first material does

not comprise in a molecule (i) and (ii):

(i) a structure of the formula (2),

R! R? RS “
|
Z | 7
R ‘ N /X\ ‘ N R
R3 NN e
R? R’

where, in the formula (2),
R’ to R® are independently:
a hyvdrogen atom;
a substituted or unsubstituted aryl group having 6 to 30

ring carbon atoms;

a substituted or unsubstituted heterocyclic group hav-
ing J to 30 ring atoms,

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

a substituted ov unsubstituted alkylsilyl group having 3
to 30 carbon atoms;

a substituted or unsubstituted aryisilyl group having 6
to 60 ving carbon atoms;

a substituted ov unsubstituted alkoxy group having 1 to
30 carbon atoms:;

a substituted or unsubstituted aryloxy group having 6 to
30 ving carbon atoms;

a substituted or unsubstituted alkylamino group having
2 to 30 carbon atoms;

a substituted or unsubstituted alkyithio group having I
to 30 carbon atoms; or

a substituted or unsubstituted aryithio group having 6

to 30 ring carbon atoms,
at least one of the combinations of R and R°, R and R°, R’

and R? R” and R, R® and R, R” and R®°, R® and R® and R®
and R’ optionally forming a saturated or unsaturated ring
structiire;
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L’ is a linking group of formula (23),

(23)

REOI

No
e
where, in the formula (23), R'% is any group as defined
for R' to R® in the formula (2), with a proviso that, in
the formula (2), one of R’ to R” or R*%" is a single bond
to be bonded to L,

nl is I, and
X' is a linking group of formula (44),

(44)
R

PR

wherein, in the formula (44), R* is independently:
a hydrogen atom;
a substituted or unsubstituted ary! group having 6 to 30
ving carbon atoms;
a substituted or unsubstituted hetervocyclic group having 5
to 30 ring atoms; or
a substituted or unsubstituted alkyl group having 1 to 30

carbon atoms, and
(ii) a partial structure of formula (b-5),

(b-5)

where, in the formula (b-3), R is independently:
a hydrogen atom;
a substituted or unsubstituted ary! group having 6 to 30
ving carbon atoms;
a substituted or unsubstituted hetevocyclic group having 5
fo 30 ring atoms; or
a substituted or unsubstituted alkyl group having I to 30
carbon atoms.
27. The device of claim 24, wherein the first material does
not comprise in a molecule (i) and (ii):
(i) a structure of the formula (2),

(2)

where, in the formula (2),
R’ to R are independently:
a hyvdrogen atom;
a substituted or unsubstituted ary! group having 6 to 30
ring carbon atoms;
a substituted ov unsubstituted hetevocyclic group hav-
ing 5 to 30 ring atoms,



US RE49,343 E

87

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

a substituted ov unsubstituted alkylsilyl group having 3
to 30 carbon atoms;

a substituted or unsubstituted aryisilyl group having 6
to 60 ring carbon atoms;

a substituted ov unsubstituted alkoxy group having 1 to
30 carbon atoms;

a substituted or unsubstituted aryloxy group having 6 to
30 ving carbon atoms:

a substituted or unsubstituted alkylamino group having
2 to 30 carbon atoms;

a substituted or unsubstituted alkyithio group having I
to 30 carbon atoms; or

a substituted or unsubstituted arylthio group having 6
to 30 ring carbon atoms,

at least one of the combinations of R and R°, R° and R°, R°
and R?, R” and R®, R® and R”, R” and R°, R° and R® and R®
and R’ optionally forming a saturated or unsaturated ring
structire;

L’ is a linking group of formula (23),

(23)

REOI

|
NG

where, in the formula (23), R'%! is any group as defined for
R’ to R® in the formula (2), with a proviso that, in the
formula (2), one of R’ to R” or R'%! is a single bond to be

bonded to L,
nl is I, and
X' is a linking group of formula (44) below,

(44)

where, in the formula (44), R* is independently:

a hyvdrogen atom;

a substituted ov unsubstituted aryl group having 6 to 30
ring carbon atoms;

a substituted or unsubstituted heterocyclic group having 5
fo 30 ring atoms; or

a substituted orv unsubstituted alky! group having I to 30
carbon atoms; and

(ii) a partial structure of formula (b-5),

(b-5)

where, in the formula (b-3), R is independently:
a hyvdrogen atom;
a substituted or unsubstituted aryl group having 6 to 30

ving carbon atoms;
a substituted or unsubstituted heterocyclic group having 5

fo 30 ring atoms; or
a substituted ov unsubstituted alky! group having I to 30

carbon atoms.
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28. The device of claim 24, wherein the first material does
not comprise in a molecule a structure of the formula (2),

(2)
R9

R8
R )\ ‘ij )\ R
N SN R
L
R5

RI

" T ]

Rj/\‘/ (Lf);\(\}eﬁ
Rd?—'

where, in the formula (2),
R’ to R® are independently:

a hyvdrogen atom;

a substituted or unsubstituted ary! group having 6 to 30
ring carbon atoms;

a substituted ov unsubstituted hetevocyclic group hav-
ing 5 to 30 ring atoms,

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

a substituted ov unsubstituted alkylsilyl group having 3
to 30 carbon atoms;

a substituted or unsubstituted aryisilyl group having 6
to 60 ring carbon atoms;

a substituted ov unsubstituted alkoxy group having 1 to
30 carbon atoms;

a substituted or unsubstituted arvioxy group having 6 to

30 ving carbon atoms:

a substituted or unsubstituted alkylamino group having
2 to 30 carbon atoms;

a substituted ov unsubstituted alkyithio group having I
to 30 carbon atoms; or

a substituted or unsubstituted aryithio group having 6
to 30 ring carbon atoms, at least one of the combi-
nations of R* and R°, R° and R°, R® and R’, R’ and
R° R and R”, R” and R°, R® and R® and R® and R’
optionally forming a saturated ov unsaturated ving
structiure;

L’ is a linking group of formula (23),

(23)

REOI

|
NG

where, in the formula (23), R'%" is any group as defined
for R to R® in the formula (2), with a proviso that, in

the formula (2), one of R to R” or R'%" is a single bond
to be bonded to L,

nl is I, and
X’ is a linking group of formula (44),

(44)
R

A

wherein, in the formulae (44), R™ is independently:

a hydrogen atom;
a substituted or unsubstituted ary! group having 6 to 30

ving carbon atoms;
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a substituted or unsubstituted heterocyclic group having 5
fo 30 ring atoms; or
a substituted or unsubstituted alky! group having I to 30
carbon atoms.
29. The device of claim 24, whevrein the first material does
not comprise in a molecule (i) and (ii).
(i) a structure of the formula (2),

(2)
R9

R3
N
2 i 7
R\)\/X\ \/R
A
R5

Rf

" T ]

RS/Y (Lf);';\(\}?é,
R4

where, in the formula (2),
R? to R® are independently:
a hydrogen atom,
a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms;
a substituted ov unsubstituted hetevocyclic group hav-
ing J to 30 ring atoms;
a substituted ov unsubstituted alky! group having 1 to
30 carbon atoms,
a substituted ov unsubstituted alkyisilyl group having 3
to 30 carbon atoms;
a substituted or unsubstituted aryisilyl group having 6
to 60 ring carbon atoms,
a substituted or unsubstituted alkoxy group having 1 to
30 carbon atoms;
a substituted or unsubstituted aryloxy group having 6 to
30 ving carbon atoms,
a substituted or unsubstituted alkylamino group having
2 to 30 carbon atoms;
a substituted or unsubstituted alkyithio group having I
to 30 carbon atoms; or
a substituted or unsubstituted aryithio group having 6
to 30 ring carbon atoms,
at least one of the combinations of R’ and R°, R” and R°, R’
and R R° and R°, R°° and R”, R” and R°, R° and R° and R®
and R’ optionally forming a saturated or unsaturated ring
structure;
L’ is a linking group of formula (23),

23)
R 101
|

N
P :

where, in the formula (23), R'%! is any group as defined
for R to R” in the formula (2), with a proviso that, in
the formula (2), one of R’ to R” or R’ is a single bond
to be bonded to L,

nl is 1, and

X' is a linking group of formula (44),

(44)
R* RF

PR

wherein, in the formulae (44), R* is independently:

a hyvdrogen atom;
a substituted ov unsubstituted aryl group having 6 to 30
ving carbon atoms;

90

a substituted or unsubstituted hetervocyclic group having 5
fo 30 ring atoms; or
a substituted or unsubstituted alkyl group having 1 to 30
carbon atoms; and
d (ii) a partial structure of formula (b-3),

(b-5)

10

15
where, in the formula (b-5), R is independently:

a hyvdrogen atom;
a substituted or unsubstituted ary! group having 6 to 30
ving carbon atoms;
a substituted or unsubstituted hetervocyclic group having 5
fo 30 ring atoms; or
a substituted or unsubstituted alkyl group having 1 to 30
carbon atoms.
30. The device of claim 14, wherein the emitting layer
does not comprise a heavy metal complex.
31. The device of claim 15, wherein the
does not comprise a heavy metal complex.
32. The device of claim 16, wherein the
does not comprise a heavy metal complex.
33. The device of claim 17, wherein the
does not comprise a heavy metal complex.
34. The device of claim 26, wherein the
does not comprise a heavy metal complex.
35. The device of claim 27, wherein the
does not comprise a heavy metal complex.
36. The device of claim 28, wherein the
does not comprise a heavy metal complex.
37. The device of claim 29, wherein the
does not comprise a heavy metal complex.

38. The device of claim 11, wherein a difference AST(H)
between a singlet energy 'gS(H) of the first material and an

energy gap Eg,..(H) of the first material at 77|K] satisfies
a formula (2),

20

25

emitting layer

emitting layer

30 .,
emitting layer

emitting layer

15 emitting layer

emitting layer

emitting layer
40

45
AST(H)=EgS(H)-Eg 7 7x(H1)<0.3 [eV] (2).

39. The device of claim 38, wherein the emitting layer
does not comprise a heavy metal complex.

40. The device of claim 11, wherein the first material is a
thermally activated delaved fluorescent compound.

41. The device of claim 40, wherein the emitting layer
does not comprise a heavy metal complex.

42. The device of claim 11, wherein the emitting layer is
not phosphovescent.

43. The device of claim 11, wherein X, in the group of the
Jormula (5), is the linking group of the formula (41).

44. The device of claim 11, wherein the X', in the group
of the formula (5), is the linking group of the formula (42).

45. The device of claim 11, wherein the X', in the group
of the formula (5), is the linking group of the formula (43).

46. The device of claim 11, wherein the X', in the group
of the formula (5), is the linking group of the formula (45).

47. The device of claim 11, wherein, in two B in the
65 formula (le), one of the combinations of R>' and R>°, R*”

and R°°, R°° and R°>?, and R>° and R°°, R°° and R°”, and R>”

and R°® forms a saturated or unsaturated cvclic structure.

50

55

60
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48. The device of claim 11, wherein, in at least one of the
two B in the formula (1e), R°' and R°* form a saturated or
unsaturated cyclic structure.

49. The device of claim 11, wherein, in at least one of the
two B in the formula (1e), R*° and R°° form a saturated or
unsaturated cyclic structure.

50. The device of claim 11, wherein, in at least one of the
two B in the formula (1e), R> and R° form a saturated or
unsaturated cyclic structure.

51. The device of claim 11, wherein, in at least one of the
two B in the formula (1e), R° and R°° form a saturated or
unsaturated cyclic structure.

52. The device of claim 11, wherein, in at least one of the
two B in the formula (1e), R°° and R’ form a saturated or
unsaturated cyclic structure.

53. The device of claim 11, wherein, in at least one of the
two B in the formula (1e), R°” and R°° form a saturated or
unsaturated cyclic structure.

54. An organic electroluminescence device, comprising:

a cathode;

an anode; and

an orvganic thin-film layer disposed between the cathode

and the anode, the ovganic thin-film laver having one
or movre lavers comprising an emitting layver, the emit-
ting layver comprising a first material of formula (le)
below and a second material in a form of a fluovescent
dopant material,

(le)

where, in the formula (le):
L is a substituted or unsubstituted aryl group having 6 to
30 ving carbon atoms;
A is a group of formula (a-2)

(a-2)

C=N,

B is independently a group of formula (5):

()

where, in the formula (5):
R*! to R°® are independently
a hyvdrogen atom,
a substituted or unsubstituted aryl group having 6 to 30
ring carbon atoms,
a substituted ov unsubstituted hetevocyclic group hav-
ing J to 30 ring atoms,
a substituted ov unsubstituted alky! group having 1 to
30 carbon atoms,
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a substituted or unsubstituted alkylsilyl group having 3
to 30 carbon atoms,

a substituted ov unsubstituted aryisilyl group having 6
to 60 ring carbon atoms,

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

a substituted or unsubstituted aryloxy group having 6 to
30 ving carbon atoms,

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

a substituted or unsubstituted alkyithio group having I
to 30 carbon atoms, or

a substituted or unsubstituted aryithio group having 6
to 30 ring carbon atoms,

one of the combinations of R°' and R°°, R°° and R>°, R’
and R°?, and R>° and R°°, R°° and R°”, and R°>” and R>°

optionally forming a saturated or unsaturated cyclic
structure; and

X' is a linking group of formula (45), with a proviso that,
in the above formula (5), one of R°* to R°° or R in each
B is a single bond divectly bonded to L,

(45)
R
\S/
N

where R is independently:

a hydrogen atom,

a substituted or unsubstituted ary! group having 6 to 30
ving carbon atoms,

a substituted or unsubstituted hetervocyclic group having 5
to 30 ring atoms, or

a substituted or unsubstituted alkyl group having I to 30
carbon atoms;

wherein the first material vepresented by the formula (Ie)
does not comprise a structure of formula (51) in a

molecule:
(31)
X
(R*)r (R¥)s,
L \/7
’_,.--"""

—

where, in the formula (51):
R*% is independently:

a hyvdrogen atom,

a substituted or unsubstituted ary! group having 6 to 30
ring carbon atoms,

a substituted or unsubstituted hetervocvclic group hav-
ing J to 30 ring atoms,

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

a substituted or unsubstituted alkylsilyl group having 3
to 30 carbon atoms,

a substituted or unsubstituted aryisilyl group having 6
to 60 ring carbon atoms,

a substituted ov unsubstituted alkoxy group having 1 to
30 carbon atoms,

a substituted or unsubstituted aryloxy group having 6 to
30 ving carbon atoms,

a substituted or unsubstituted alkylamino group having
2 to 30 carbon atoms,
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a substituted or unsubstituted aryvlamino group having
6 to 60 ring carbon atoms,

94

a substituted or unsubstituted alkylthio group having I 2 29 28 (25
to 30 carbon atoms, or . )\ | )\
a substituted or unsubstituted aryithio group having 6 RQ\ A /Xj\ X R
to 30 ring carbon atoms; ‘ ‘
v is an integer in a range from 0 to 3; RS/\K (L;)’;\K\Rq
S is an integer in a range from 0 to 4; 0 |y 3
X' is a linking group of formula (44) below:
in a molecule, wheve, in the formula (2b),
44) R’ to R® are independently:
R RX 5 a hyvdrogen atom,
)Q a substituted or unsubstituted ary! group having 6 to 30
; ving carbon atoms,
a substituted ov unsubstituted hetevocyclic group hav-
ing J to 30 ring atoms,
where, in the formula (44), R" is independently: 20 a substituted or unsubstituted alkyl group having I to
a hydrogen atom, 30 carbon atoms,
a substituted or unsubstituted ary! group having 6 to 30 a substituted or unsubstituted alkylsilyl group having 3
ring carbon atoms, to 30 carbon atoms,
_ _ _ a substituted or unsubstituted aryisilyl group having 6
a substituted or unsubstituted heterocyclic group hav- s 10 60 rine carbon atoms
: : 8 :
ing J to 30 ring atoms, or a substituted ov unsubstituted alkoxy group having 1 to
a substituted ov unsubstituted alky! group having 1 to 30 carbon atoms,
30 carbon atoms; a substituted or unsubstituted arvioxy group having 6 to
L°" is a single bond or a linking group selected from the 20 30 ring carbon atoms,
group consisting of a substituted or unsubstituted alkylamino group having
! SH.bSﬁMEd or unsubstituted aryl group having 6 to 30 a Siliiﬁi?fgj Ziozniﬁ)?;}ured alkylthio group having I
ring carbon atoms,
to 30 carbon atoms, or
a substituted or unsubstituted heterocyclic group hav- y a substituted or unsubstituted arylthio group having 6
ing 3 to 30 ring atoms, and to 30 ring carbon atoms, at least one of the combi-
a group derived from a group formed by mutually nations of R' and R°, R and R°, R® and R*, R* and
bonding two to five of the substituted ov unsubsti- R°, R® and R’, R” and R°, R® and R” and R” and R’
tuted aryl group having 6 to 30 ring carbon atoms optionally forming a saturated or unsaturated ring
and/or the substituted or unsubstituted heterocyclic 40 structure,

group having 5 to 30 rving atoms, the mutually
bonded groups being mutually the same or different;

L’ is independently a linking group selected from formu-
lae (21) to (27) below,

and
(21)
whevrein the first material does not comprise a substituted O
. . . .45 PN
or unsubstituted arylamino group having 6 to 30 ring 22)
carbon atoms in a molecule; S
N
whevrein the first material does not include an aryvlamino (23)
group in a form of —N(Rw), in a molecule, Rw being RV
a substituted or unsubstituted aryl group having 6 to 30 50 |
: N
ving carbon atoms; PN
whevrein the first material does not include a group of P01 pIo] (24)
Jormula (b-2) in a molecule, )4
55 05
(b-2) P10 101 (<
R R
N~y >_ <
60 (26)
‘ pl0] P10
in which R is a substituted ov unsubstituted heterocyclic R“H—</ \>7R*”j"r
group having 5 to 30 ring atoms; ‘5 —
wherein the first material does not include a group of / \

Jormula (2b),
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_continued a substituted ov unsubstituted alkyl group having 1 to
27) 30 carbon atoms,
RQH /Rm: a substituted ov unsubstituted alkoxy group having 1 to
< 30 carbon atoms,
N 5 a substituted or unsubstituted aralkyl group having 7 to

30 carbon atoms,

a substituted or unsubstituted aryloxy group having 6 to
30 ving carbon atoms,

a substituted ov unsubstituted alkyisilyl group having 3
to 60 carbon atoms, or

a substituted or unsubstituted aryisilyl group having §
to 30 ring carbon atoms,

Y,, to Y,, and Y,; to Y,. in the formula (101) are
independently C(R) or a nitrogen atom, Y,. to Y, are
independently a nitrogen atom, C(R) or a carbon atom
bonded with at least one of Y,, to Y,,, and Y,, to Y,
are independently C(R), a nitrogen atom or a carbon
atom bonded with at least one of Y,; to Y,,, with a
proviso that R is independently a hydrogen atom or a

where, in the formulae (23) to (27), R'% is independently
any group as defined for R’ to R” in the formula (2b), with
a proviso that, in the formula (2b), one of R to R® or one of
R'%" is a single bond to be bonded to L, 10
nl is an integer in a range from 1 to 3, and, when nl is
2 or 3, plural L’ are mutually the same or different,
wherein the first material does not include an azacarba-
zolyl group,; and
wherein L of the first material represented by the formula 5
(Ie) does not include an anthryl group;

whevrein the first material of formula (1e) does not have a
structure of formula (101),

ing J to 30 ring atoms,

20 substituent, the substituent for R being the same as the
(101) substituents for A, and A4,,
A; L, and L, in the formula (101) are independently a single
| bond, a substituted or unsubstituted divalent aromatic
L hydrocarbon group having 6 to 30 ving carbon atoms,
| 25 a substituted ov unsubstituted divalent heterocyclic
N : :
Y;, Y, group having 5 to 30 ring atoms ov a group formed by
/ “\"( 7/ N\ mutually bonding the substituted or unsubstituted diva-
Yj\i / /YH y, =122 Y23 =y lent aromatic hydrocarbon group having 6 to 30 ring
Yf3"'-Y// \ -__—_-_:1%\;2 N\ / ii carbon atoms and/or the substituted or unsubstituted
" 2 Y50 \ Y5, 30 divalent heterocyclic group having 5 to 30 ving atoms,
Q\Y; 9/4 >\Y§ wherein, when X' in the formula (5) is of the formula (43),
N R™ is a single bond divectly bonded to L; and
‘ wherein the first material does not comprise a partial
Lz structure of formula (a-1) in a molecule
‘ 35
4;
(a-1)
where, in the formula (101), E‘z(
A, and A, are independently:
a hydrogen atom, 40 I‘T
a halogen atom, C
a cyano group,
a substituted or unsubstituted aryl group having 6 to 30 }L: |
ring carbon atoms,
a substituted ov unsubstituted hetevocyclic group hav- 45
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