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7) ABSTRACT

A composition contains a mixture of at least two com-
pounds, the at least two compounds containing a first
compound represented by a formula (1) and a second

compound represented by a formula (2). In the formula (1),
R' to R, A" and A? include five cyclic structures in total
each represented by a formula (1a) below. In the formula (2),
one of A* and A* is a substituent represented by a formula
(2a), and the other thereof is represented by a formula (2b).
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COMPOSITION,
ORGANIC-ELECTROLUMINESCENCE-DEVICE
MATERIAL, COMPOSITION FILM,
ORGANIC ELECTROLUMINESCENCE
DEVICE, AND ELECTRONIC DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Japanese Patent
Application No. 2017-060034, filed Mar. 24, 2017, the
disclosure of which is hereby incorporated by reference in
its entirety.

TECHNICAL FIELD

[0002] The present invention relates to a composition, a
material for an organic electroluminescence device (also
referred to as an organic-electroluminescence-device mate-
rial), a composition film, an organic electroluminescence
device, and an electronic device.

BACKGROUND ART

[0003] Patent Literature 1 (International Publication No.
W02013/084885) and Patent Literature 2 (International
Publication No. W0O2013/145923) each disclose an organic
electroluminescence device including a first host that is a
biscarbazole derivative in a specific structure having a cyano
group and a second host that is a compound having both a
carbazolyl derivative structure and a nitrogen-containing
hetero aromatic ring. Patent Literatures 1 and 2 each disclose
that the organic electroluminescence device has a long
lifetime.

[0004] When two materials (e.g., the first host and the
second host) are respectively evaporated from different
evaporation sources, a manufacturing process of the organic
electroluminescence device becomes complicated. How-
ever, an organic electroluminescence device including a
single material (e.g., only one of the first host and the second
host) exhibits a shorter lifetime. For this reason, a technique
of stably evaporating two materials (or a plurality of mate-
rials) from a single evaporation source is desired.

[0005] In Patent Literatures 1 and 2, when two host
materials that is a combination of the first host and the
second host are evaporated from a single evaporation source,
an organic electroluminescence device including a layer
formed at an initial stage of evaporation exhibits a favorable
performance. However, when the evaporation from the same
evaporation source continues for a long time, as an evapo-
ration time passes, a ratio between the first host and the
second host contained in the formed layer becomes unstable,
resulting in an unstable performance of the organic elec-
troluminescence device.

SUMMARY OF THE INVENTION

[0006] An object of the invention is to provide a compo-
sition capable of being evaporated from a single evaporation
source at a stable material ratio while maintaining a perfor-
mance of an organic electroluminescence device, to provide
an organic-electroluminescence-device material containing
the composition, to provide a composition film containing
the composition, to provide an organic electroluminescence
device containing the composition, and to provide an elec-
tronic device provided with the organic electroluminescence
device.
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[0007] In an aspect of of the invention, a composition
contains a mixture of at least two compounds, the at least
two compounds including a first compound represented by
a formula (1) and a second compound represented by a
formula (2).

&)

[0008] In the formula (1), R' to R* each independently
represent a halogen atom, a substituted or unsubstituted
alkyl group having 1 to 25 carbon atoms, a substituted or
unsubstituted cycloalkyl group having 3 to 25 ring carbon
atoms, a substituted or unsubstituted aryl group having 6 to
18 ring carbon atoms, a substituted or unsubstituted hetero-
cyclic group having 6 to 18 ring atoms, a silyl group
substituted by at least one group selected from the group
consisting of an alkyl group having 1 to 25 carbon atoms and
an aryl group having 6 to 18 ring carbon atoms, or a cyano

group.

[0009] aisO, 1,2, 3o0r4.
[0010] bisO,1,20r3.
[0011] cisO, 1,2 or 3.
[0012] dis O, 1,2 3or4.

[0013] Aplurality of R' are mutually the same or different
when a is 2 or more.

[0014] A plurality of R* are mutually the same or different
when b is 2 or more.

[0015] A plurality of R? are mutually the same or different
when c is 2 or more.

[0016] A plurality of R* are mutually the same or different
when d is 2 or more.

[0017] A' and A? each independently represent a substi-
tuted or unsubstituted aryl group having 6 to 24 ring carbon
atoms, or a substituted or unsubstituted heterocyclic group
having 6 to 24 ring atoms.

[0018] R!toR* A'andA? include five cyclic structures in
total each represented by a formula (1a) below.

(a)

[0019] In the formula (1a), X', X* and X* each indepen-
dently represent CR™ or a nitrogen atom. In at least one
cyclic structure of the five cyclic structures each represented
by the formula (1a), at least one of X', X* and X is a
nitrogen atom. The cyclic structures each represented by the
formula (1a) are bonded to each other to form a fused ring,
or are not bonded.
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[0020] R* R*™, R* and R* each independently represent
a single bond, a hydrogen atom, a halogen atom, a substi-
tuted or unsubstituted alkyl group having 1 to 25 carbon
atoms, a substituted or unsubstituted cycloalkyl group hav-
ing 3 to 25 ring carbon atoms, a silyl group substituted by
an alkyl group having 1 to 25 carbon atoms, or a cyano
group.

[0021] When a plurality of R are present, the plurality of
R¥ are mutually the same or different.

[0022] At least one of R**, R*, R*® and one or more R¥

is a single bond.

A3

m ®S),

= /\
(Rﬁ) /

A4

[0023] In the formula (2), R® to R®* each independently
represent: a halogen atom, a substituted or unsubstituted
alkyl group having 1 to 25 carbon atoms, a substituted or
unsubstituted cycloalkyl group having 3 to 25 ring carbon
atoms, a silyl group substituted by an alkyl group having 1
to 25 carbon atoms, or a cyano group.

[0024] eis0, 1,2 3 or4.

[0025] fisO, 1,2 or3.

[0026] gis O, 1,2 or 3.

[0027] his 0,1, 2,3 or 4.

[0028] Aplurality of R’ are mutually the same or different

when e is 2 or more.

[0029] A plurality of R® are mutually the same or different
when fis 2 or more.

[0030] A plurality of R” are mutually the same or different
when g is 2 or more.

[0031] Aplurality of R® are mutually the same or different
when h is 2 or more.

[0032] One of A® and A” is a substituent represented by a
formula (2a), and the other of A* and A* is represented by a
formula (2b).

_Ar—CN (29)

[0033] In the formula (2a), Ar represents a substituted or
unsubstituted phenanthrylene group.

(2b)

X4
I
X 7 X8

[0034] In the formula (2b), X*, X5, X®, X7 and X® each
independently represent CR” or a nitrogen atom. RY repre-
sents a hydrogen atom, a halogen atom, a substituted or
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unsubstituted alkyl group having 1 to 25 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3 to 25
ring carbon atoms, a silyl group substituted by an alkyl
group having 1 to 25 carbon atoms, or a cyano group.

[0035] A plurality of R¥ are mutually the same or different.

[0036] According to another aspect of the invention, an
organic-electroluminescence-device material containing the
composition according to the above aspect of the invention
is provided.

[0037] According to still another aspect of the invention,
a composition film containing the composition according to
the above aspect of the invention is provided.

[0038] According to a further aspect of the invention, an
organic EL device including: an anode; a cathode; and at
least one organic layer provided between the anode and the
cathode, in which the at least one organic layer includes the
composition according to the above aspect of the invention,
is provided.

[0039] According to a still further aspect of the invention,
an electronic device including the organic electrolumines-
cence device according to the above aspect of the invention
is provided.

[0040] The above aspects of the invention allows to pro-
vide a composition capable of being evaporated from a
single evaporation source at a stable material ratio while
maintaining a performance of an organic electrolumines-
cence device, to provide an organic-electroluminescence-
device material containing the composition, to provide a
composition film containing the composition, to provide an
organic electroluminescence device containing the compo-
sition, and to provide an electronic device including the
organic electroluminescence device.

BRIEF DESCRIPTION OF DRAWING(S)

[0041] FIGURE schematically shows an exemplary
arrangement of an organic electroluminescence device
according to an exemplary embodiment of the invention.

DESCRIPTION OF EMBODIMENT(S)
First Exemplary Embodiment

Composition

[0042] A composition according to a first exemplary
embodiment of the invention is a composition in a mixture
of at least two compounds.

[0043] The composition of the exemplary embodiment at
least contains a first compound represented by a formula (1)
below and a second compound represented by a formula (2)
below.

[0044] The composition of the exemplary embodiment
may be in any forms. Examples of the forms of the com-
position of the exemplary embodiment include solid, pow-
der, a solution and a film. When the composition of the
exemplary embodiment is solid, the composition may be
pelletized.
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First Compound

[0045] The first compound is represented by the formula
(1) below.

)

[0046] In the formula (1), R' to R* each independently
represent a halogen atom, a substituted or unsubstituted
alkyl group having 1 to 25 carbon atoms, a substituted or
unsubstituted cycloalkyl group having 3 to 25 ring carbon
atoms, a substituted or unsubstituted aryl group having 6 to
18 ring carbon atoms, a substituted or unsubstituted hetero-
cyclic group having 6 to 18 ring atoms, a silyl group
substituted by at least one group selected from the group
consisting of an alkyl group having 1 to 25 carbon atoms and
an aryl group having 6 to 18 ring carbon atoms, or a cyano

group.

[0047] aisO0,1,2,30r4.

[0048] bis 0,1, 2o0r3.

[0049] cis0,1,20r3.

[0050] dis0,1,2,30r4.

[0051] Aplurality of R' are mutually the same or different

when a is 2 or more.

[0052] A plurality of R? are mutually the same or different
when b is 2 or more.

[0053] Aplurality of R? are mutually the same or different
when c is 2 or more.

[0054] Aplurality of R* are mutually the same or different
when d is 2 or more.

[0055] A' and A” each independently represent a substi-
tuted or unsubstituted aryl group having 6 to 24 ring carbon
atoms, or a substituted or unsubstituted heterocyclic group
having 6 to 24 ring atoms.

[0056] R'toR* A'and A include five cyclic structures in
total each represented by a formula (1a) below.

(12)

[0057] In the formula (1a), X', X* and X* each indepen-
dently represent CR™ or a nitrogen atom. In at least one
cyclic structure of the five cyclic structures each represented
by the formula (la), at least one of X', X* and X is a
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nitrogen atom. The cyclic structures represented by the
formula (1a) are bonded to each other to form a fused ring,
or are not bonded.

[0058] R* R*™,R* and R* each independently represent
a single bond, a hydrogen atom, a halogen atom, a substi-
tuted or unsubstituted alkyl group having 1 to 25 carbon
atoms, a substituted or unsubstituted cycloalkyl group hav-
ing 3 to 25 ring carbon atoms, a silyl group substituted by
an alkyl group having 1 to 25 carbon atoms, or a cyano
group.

[0059] When a plurality of R are present, the plurality of
R* may be mutually the same or different.

[0060] At least one of R**, R**, R*® and one or more R¥
is a single bond.

[0061] Herein, that “R* to R*, A* and A% include five cyclic
structures in total each represented by the formula (1a)”
means that R* to R, A! and A? include five six-membered
rings each represented by the formula (la). The five six-
membered rings each represented by the formula (la) are
mutually the same or different.

[0062] When the cyclic structures each represented by the
formula (1a) are bonded to each other to form a fused ring,
the number of the six-membered ring forming the fused ring
is counted in the five six-membered rings included in R to
R* A' and A®. In this arrangement, for instance, when the
cyclic structures each represented by the formula (1a) are
bonded to each other to form a fused ring represented by a
formula (1 b), the fused ring includes two six-membered
rings.

(1b)
A

vyl v8
4 A
v \/J ¥
< ~—
Yg\\ﬂ ¥ =Y*®

[0063] In the formula (1b), X* represents CR''R'®?
NR'*| an oxygen atom, or a sulfur atom.

[0064] R'°' to R'® each independently represent a sub-
stituted or unsubstituted alkyl group having 1 to 25 carbon
atoms, or a substituted or unsubstituted cycloalkyl group
having 3 to 25 ring carbon atoms.

[0065] Y' to Y® each independently represent CR* or a
nitrogen atom.

[0066] R¥ represents a single bond, a hydrogen atom, a
halogen atom, a substituted or unsubstituted alkyl group
having 1 to 25 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 25 ring carbon atoms, a silyl
group substituted by an alkyl group having 1 to 25 carbon
atoms, Or a cyano group.

[0067] When a plurality of R¥ are present, the plurality of
R* may be mutually the same or different.

[0068] At least one of the plurality of R¥ is a single bond.

[0069]
0.

In the first compound, a, b, ¢ and d are preferably
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[0070] Whena, b, ¢ and d are 0 in the formula (1), the first
compound is represented by a formula (1A) below.

%y

[0071] Inthe formula (1A), A" and A each independently
represent a substituted or unsubstituted aryl group having 6
to 24 ring carbon atoms, or a substituted or unsubstituted
heterocyclic group having 6 to 24 ring atoms.

[0072] A' and A? include five cyclic structures in total
each represented by the formula (1a).

[0073] The first compound is preferably a compound
represented by a formula (3).

[0074] In the formula (3), R' to R* R® and R'® each
independently represent a halogen atom, a substituted or
unsubstituted alkyl group having 1 to 25 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3 to 25
ring carbon atoms, a silyl group substituted by an alkyl
group having 1 to 25 carbon atoms, or a cyano group.

[0075] ais0,1,2 3 or 4.
[0076] bisO, 1,2 or 3.

[0077] cis0,1,2o0r3.

[0078] dis0,1,2,30r4.

[0079] iisO0, 1,2, 3,4 orS.

[0080] jisO,1,2 3, 4or5.

[0081] A plurality of R' are mutually the same or different

when a is 2 or more.

[0082] A plurality of R* are mutually the same or different
when b is 2 or more.

[0083] A plurality of R? are mutually the same or different
when c is 2 or more.

[0084] A plurality of R* are mutually the same or different
when d is 2 or more.

[0085] A plurality of R® are mutually the same or different
when 1 is 2 or more.

[0086] A plurality of R*® are mutually the same or differ-
ent when j is 2 or more.
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[0087] B'and B? each independently represent a substitu-
ent represented by a formula (4) below.

[0088] m is O or 1.
[0089] nisOorl.
[0090] me+n=1
Q)
Ry,
Xl
_</ \XZ
xX=
/ \/(Rlz)z
N
[0091] In the formula (4), X* to X® represent CR” or a

nitrogen atom.

[0092] RZ represents a hydrogen atom, a halogen atom, a
substituted or unsubstituted alkyl group having 1 to 25
carbon atoms, a substituted or unsubstituted cycloalkyl
group having 3 to 25 ring carbon atoms, a silyl group
substituted by an alkyl group having 1 to 25 carbon atoms,
Or a cyano group.

[0093] Aplurality of R are mutually the same or different.
[0094] R and R'? each independently represent a halo-
gen atom, a substituted or unsubstituted alkyl group having
1 to 25 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 25 ring carbon atoms, or a
cyano group.

[0095] kisO, 1,2 3,40r5.

[0096] 1is0,1,2,3,4o0r5.

[0097] Aplurality of R*! are mutually the same or different
when k is 2 or more.

[0098] A plurality of R'? are mutually the same or differ-
ent when 11is 2 or more.

[0099] Whena, b, c and d are 0 in the formula (3), the first
compound is represented by a formula (3A) below.

(34)
@,
ﬁ/\ (RIO)j
Ry |
F J \\\/(Bz)n

——

N
U0
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[0100] Inthe fornmla (3A), R® and R'° each independently
represent a halogen atom, a substituted or unsubstituted
alkyl group having 1 to 25 carbon atoms, a substituted or
unsubstituted cycloalkyl group having 3 to 25 ring carbon
atoms, a silyl group substituted by an alkyl group having 1
to 25 carbon atoms, or a cyano group.

[0101] iis0, 1,2, 3,4 or 5.
[0102] jis0,1,2, 3, 4or5.

[0103] A plurality of R® are mutually the same or different
when i is 2 or more.

[0104] A plurality of R'® are mutually the same or differ-
ent when j is 2 or more.

[0105] B! and B? each independently represent a substitu-
ent represented by a formula (4) below.

[0106] mis O or 1.

[0107] nisOor 1.

[0108] m+n=1

[0109] In the first compound, a, b, ¢, d, i and j are
preferably 0.

[0110] Whena, b, c,d,iandjare 0in the formula (3), the

first compound is represented by a formula (3B) below.

GB)

[0111] In the formula (3B), B! and B? each independently
represent a substituent represented by a formula (4) below.
[0112] mis Oor 1.

[0113] nisOor 1.

[0114] m+n=1

[0115] In the first compound, two or three of X', X* and
X3 are preferably nitrogen atoms and, more preferably, X',
X* and X® are nitrogen atoms.

[0116] In the first compound, it is also preferable that X'
and X? are nitrogen atoms and X* is CR%

[0117] In the first compound, it is preferable that m is 1
and n is 0.
[0118] When mis 1 and n is 0 in the formula (3), the first

compound is represented by a formula (3C) below.
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(30

Ry

[0119] In the formula (3C), R* to R*, R’ and R*° each
independently represent a halogen atom, a substituted or
unsubstituted alkyl group having 1 to 25 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3 to 25
ring carbon atoms, a silyl group substituted by an alkyl
group having 1 to 25 carbon atoms, or a cyano group.

[0120] aisO,1,2,3 or4.

[0121] bisO, 1,2 or 3.

[0122] c¢is0,1,2o0r3.

[0123] dis0, 1,2 3 or 4.

[0124] iis0,1,2,3 0or 4

[0125] jis0,1,2,3,40r5.

[0126] A plurality of R' are mutually the same or different

when a is 2 or more.

[0127] A plurality of R* are mutually the same or different
when b is 2 or more.

[0128] A plurality of R? are mutually the same or different
when c is 2 or more.

[0129] A plurality of R* are mutually the same or different
when d is 2 or more.

[0130] A plurality of R® are mutually the same or different
when i is 2 or more.

[0131] A plurality of R*® are mutually the same or differ-
ent when j is 2 or more.

[0132] X' to X> represent CRZ or a nitrogen atom.
[0133] RZ represents a hydrogen atom, a halogen atom, a
substituted or unsubstituted alkyl group having 1 to 25
carbon atoms, a substituted or unsubstituted cycloalkyl
group having 3 to 25 ring carbon atoms, a silyl group
substituted by an alkyl group having 1 to 25 carbon atoms,
Or a cyano group.

[0134] Aplurality of R are mutually the same or different.
[0135] R and R'? each independenily represent a halo-
gen atom, a substituted or unsubstituted alkyl group having
1 to 25 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 25 ring carbon atoms, or a
cyano group.

[0136] kisO, 1,2 3,40r5.

[0137] 1is0,1,2,3,40r5.

[0138] Aplurality of R** are mutually the same or different
when k is 2 or more.
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[0139] A plurality of R*? are mutually the same or differ-
ent when 1 is 2 or more.

[0140] In the first compound, it is also preferable that A'
or A? is represented by a formula (4A) below.

(da)
Ry

[0141] In the formula (4A), X' to X represent CRZ or a
nitrogen atom.

[0142] RZ represents a hydrogen atom, a halogen atom, a
substituted or unsubstituted alkyl group having 1 to 25
carbon atoms, a substituted or unsubstituted cycloalkyl
group having 3 to 25 ring carbon atoms, a silyl group
substituted by an alkyl group having 1 to 25 carbon atoms,
Or a cyano group.

[0143] Aplurality of R are mutually the same or different.
[0144] R, R'? and R'7 each independently represent a
halogen atom, a substituted or unsubstituted alkyl group
having 1 to 25 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 25 ring carbon atoms, or a
cyano group.

[0145] kis1,2.3,4 or 5.
[0146] 1is0,1,2,3, 4 or 5.
[0147] tis 0, 1,2, 3,4 or 5.

[0148] Aplurality of R are mutually the same or different
when k is 3 or more (i.e., (k-1) is equal to or more than 2).
[0149] A plurality of R*? are mutually the same or differ-
ent when 1is 2 or more.

[0150] A plurality of R*” are mutually the same or differ-
ent when t is 2 or more.

[0151] In the first compound, it is also preferable that A'
or A? is represented by a formula (4B) below.

(4B)

(1|{17:)l
Xl
N N
X/ N
/ \((R y
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[0152] In the formula (4B), X* to X represent CRZ or a
nitrogen atom.

[0153] RZ represents a hydrogen atom, a halogen atom, a
substituted or unsubstituted alkyl group having 1 to 25
carbon atoms, a substituted or unsubstituted cycloalkyl
group having 3 to 25 ring carbon atoms, a silyl group
substituted by an alkyl group having 1 to 25 carbon atoms,
Or a cyano group.

[0154] Aplurality of RZ are mutually the same or different.

[0155] R, R'?> and R'7 each independently represent a
halogen atom, a substituted or unsubstituted alkyl group
having 1 to 25 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 25 ring carbon atoms, or a
cyano group.

[0156] kisO0, 1,2, 3,4 or 5.

[0157] 1is0,1,2,3, 4 or 5.

[0158] tis0, 1,2, 3 or 4

[0159] Aplurality of R'! are mutually the same or different

when k is 2 or more.

[0160] A plurality of R*? are mutually the same or differ-
ent when 1 is 2 or more.

[0161] A plurality of R'” are mutually the same or differ-
ent when t is 2 or more.

[0162] In the first compound, it is preferable that R' to R*
each independently represent a halogen atom, a substituted
or unsubstituted alkyl group having 1 to 25 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3 to 25
ring carbon atoms, a silyl group substituted by an alkyl
group having 1 to 25 carbon atoms, or a cyano group.

[0163] The first compound can be manufactured by a
combination of known methods (e.g., International Publica-
tion No. W0O2011/132684).

[0164] Examples of the first compound according to the
exemplary embodiment are given below. It should be noted
that the first compound in the exemplary embodiment are by
no means limited to the examples below.

N
X
N

SC0
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Second Compound

[0165] A second compound is represented by a formula (2)
below.

@
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[0166] In the formula (2), R® to R® each independently
represent: a halogen atom, a substituted or unsubstituted
alkyl group having 1 to 25 carbon atoms, a substituted or
unsubstituted cycloalkyl group having 3 to 25 ring carbon
atoms, a silyl group substituted by an alkyl group having 1
to 25 carbon atoms, or a cyano group.

[0167] eisO,1,2,3 0r4.
[0168] fis O, 1,2 or3.
[0169] gis 0,1, 2 or 3.
[0170] his O, 1, 2,3 or 4.

[0171] A plurality of R’ are mutually the same or different
when e is 2 or more.

[0172] A plurality of R® are mutually the same or different
when fis 2 or more.

[0173] Aplurality of R” are mutually the same or different
when g is 2 or more.

[0174] A plurality of R® are mutually the same or different
when h is 2 or more.

[0175] One of A® and A” is a substituent represented by a
formula (2a), and the other thereof is represented by a
formula (2b).

—ArCN (2a)

[0176] In the formula (2a), Ar represents a substituted or
unsubstituted phenanthrylene group.

(2b)

[0177] In the formula (2b), X*, X°, X X7 and X® each
independently represent CR” or a nitrogen atom. R” repre-
sents a hydrogen atom, a halogen atom, a substituted or
unsubstituted alkyl group having 1 to 25 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3 to 25
ring carbon atoms, a silyl group substituted by an alkyl
group having 1 to 25 carbon atoms, or a cyano group.

[0178] Aplurality of R¥ are mutually the same or different.

[0179] In the second compound, it is preferable that X*,
X%, X% X7 and X® are each independently CR?, in which RY
represents a hydrogen atom, a halogen atom, a substituted or
unsubstituted alkyl group having 1 to 25 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3 to 25
ring carbon atoms, a silyl group substituted by an alkyl
group having 1 to 25 carbon atoms, or a cyano group, and
a plurality of R* are mutually the same or different.

[0180] In the second compound, it is also preferable that
X*, X2, X5 X" and X® are CRY, in which RY is a hydrogen
atom.

[0181] In the second compound, e, f, g and h are prefer-
ably 0.

[0182] When e, f, g and h are 0 in the formula (2), the
second compound is represented by a formula (2A) below.
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[0183] In the formula (2A), one of A® and A* is the
substituent represented by the formula (2a), and the other
thereof is represented by the formula (2b).

[0184] The substituent represented by the formula (2a) is
preferably a substituent represented by a formula (2¢), a
formula (2d) or a formula (2¢) below.

(2)
2d)

(2e)

[0185] In the formulae (2¢), (2d) and (2¢), R** to R*° each
independently represent: a halogen atom, a substituted or
unsubstituted alkyl group having 1 to 25 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3 to 25
ring carbon atoms, a silyl group substituted by an alkyl
group having 1 to 25 carbon atoms, or a cyano group.
[0186] In the formula (2¢), qis 0, 1, 2 or 3.

[0187] risO, 1 or2.

[0188] sisO, 1,2 or 3.

[0189] A plurality of R** are mutually the same or differ-
ent when q is 2 or more.

[0190] A plurality of R*® are mutually the same or differ-
ent when r is 2 or more.

[0191] A plurality of R*® are mutually the same or differ-
ent when s is 2 or more.

In the formula (2d), qis 0, 1, 2 or 3.

[0192] risOorl.

[0193] sxis O, 1,2, 3 or4.

[0194] A plurality of R** are mutually the same or differ-
ent when q is 2 or more.
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[0195] A plurality of R*® are mutually the same or differ-
ent when sx is 2 or more.

In the formula (2e), qx is 0, 1, 2, 3 or 4.
[0196] ris Oor 1.
[0197] sisO, 1,2 or3.

[0198] A plurality of R** are mutually the same or differ-
ent when gx is 2 or more.

[0199] A plurality of R*® are mutually the same or differ-
ent when s is 2 or more.

[0200] The substituent represented by the formula (2a) is
more preferably the substituent represented by the formula

(2¢).

[0201] The substituent represented by the formula (2¢) is
preferably a substituent represented by a formula (21) below,
more preferably a substituent represented by a formula (2g)
below.

29
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[0202] In the formulae (2f) and (2g), R to RS each
independently represent: a halogen atom, a substituted or
unsubstituted alkyl group having 1 to 25 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3 to 25
ring carbon atoms, a silyl group substituted by an alkyl
group having 1 to 25 carbon atoms, or a cyano group.

[0203] qisO0,1,2or3.
[0204] ris O, 1 or2.
[0205] sisO, 1,2 or3.

[0206] A plurality of R'* are mutually the same or differ-
ent when q is 2 or more.

[0207] A plurality of R*® are mutually the same or differ-
ent when r is 2 or more.

[0208] A plurality of R*® are mutually the same or differ-
ent when s is 2 or more.

[0209] In the second compound, q, r, s, gx and sx are
preferably 0.

[0210] The second compound is preferably a compound
represented by a formula (5) below.
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[0211] In the formula (5), R to R® and R'? to RS each
independently represent: a halogen atom, a substituted or
unsubstituted alkyl group having 1 to 25 carbon atoms, a
substituted or unsubstituted cycloalkyl group having 3 to 25
ring carbon atoms, a silyl group substituted by an alkyl
group having 1 to 25 carbon atoms, or a cyano group.

[0212] eisO, 1,2, 3 or 4.
[0213] fis O, 1,2 or 3.
[0214] gis O, 1, 2 or 3.
[0215] his O, 1,2 3 or4.
[0216] pisO,1,2,3,40r5.
[0217] qis O, 1, 2 or 3.
[0218] risO, 1 or2.

[0219] sisO, 1,2 or 3.

[0220] A plurality of R® are mutually the same or different
when e is 2 or more.

[0221] A plurality of R® are mutually the same or different
when f is 2 or more.

[0222] Aplurality of R” are mutvally the same or different
when g is 2 or more.

[0223] A plurality of R® are mutually the same or different
when h is 2 or more.

[0224] A plurality of R'? are mutually the same or differ-
ent when p is 2 or more.

[0225] A plurality of R'* are mutually the same or differ-
ent when q is 2 or more.

[0226] A plurality of R*® are mutually the same or differ-
ent when r is 2 or more.
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[0227] A plurality of R*® are mutually the same or differ-
ent when s is 2 or more.

[0228] When e, f, g and h are 0 in the formula (5), the
second compound is represented by a formula (5A) below.

A

/CN
~N
<R“>s\:/\ S
7 LR,
|
N
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[0229] In the formula (5A): R* to R'® each independently
represent: a halogen atom, a substituted or unsubstituted
alkyl group having 1 to 25 carbon atoms, a substituted or
unsubstituted cycloalkyl group having 3 to 25 ring carbon
atoms, a silyl group substituted by an alkyl group having 1
to 25 carbon atoms, or a cyano group.

[0230] pis0, 1,2, 3, 4or>5.

[0231] qis O, 1,2 or 3.

[0232] risO,1or2.

[0233] sisO, 1,2 or3.

[0234] A plurality of R*® are mutually the same or differ-

ent when p is 2 or more.

[0235] A plurality of R** are mutually the same or differ-
ent when q is 2 or more.

[0236] A plurality of R*® are mutually the same or differ-
ent when r is 2 or more.

[0237] A plurality of R® are mutually the same or differ-
ent when s is 2 or more.

[0238] Inthe second compound, p, g, r and s are preferably
0.

[0239] In the second compound, e, f, g, h, p, g, r and s are
preferably 0.

[0240] Whene, £, g, h, p, g, r and s are O in the formula

(5), the second compound is represented by a formula (5B).
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(°B)

[0241] The second compound can be manufactured by a
combination of known methods (e.g., International Publica-
tion No. W02013/084885).

[0242] Examples of the second compound according to the
exemplary embodiment are given below. It should be noted
that the second compound in the exemplary embodiment are
by no means limited to the examples below.
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[0243] Since the composition of the exemplary embodi-
ment contains a combination of the first compound and the
second compound, the composition of the exemplary
embodiment can be evaporated from a single evaporation
source at a stable material ratio while maintaining the
performance of the organic electroluminescence device.

Compounding Ratio of Composition

[0244] In an exemplary embodiment of the invention, a
compounding ratio of the first compound and the second
compound is not particularly limited. The compounding
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ratio of the first compound and the second compound only
needs to be appropriately determined depending on desired
effects of the composition. The compounding ratio (mass
ratio) represented by the first compound the second com-
pound is usually in a range from 1:99 to 99:1, preferably in
a range from 10:90 to 90:10.

Organic-Flectroluminescence-Device Material

[0245] An organic-electroluminescence-device material
according to the exemplary embodiment includes the com-
position according to the exemplary embodiment. Specifi-
cally, the organic-electroluminescence-device material
according to the exemplary embodiment includes the first
compound and the second compound.

[0246] The organic-electroluminescence-device material
according to the exemplary embodiment may further include
an additional compound. When the organic-electrolumines-
cence-device material according to the exemplary embodi-
ment further includes the additional compound, the addi-
tional compound may be solid or liquid.

Composition Film

[0247] A composition film according to the exemplary
embodiment includes the composition according to the
exemplary embodiment. Specifically, a film containing the
composition according to the exemplary embodiment (here-
inafter, also referred to as a composition film) means a film
containing the first compound and the second compound.
[0248] The composition film according to the exemplary
embodiment may further include an additional compound.
[0249] A forming method of the composition film accord-
ing to the exemplary embodiment is not particularly limited
unless otherwise specified herein. Known methods such as
a dry film-forming method and a wet film-forming method
are usable as the forming method of the composition film.
Examples of the dry film-forming method include vacuum
evaporation, sputtering, plasma deposition and ion plating.
Examples of the wet film-forming include spin coating,
dipping, flow coating and ink-jet.

Device Arrangement of Organic EL Device

[0250] An organic EL device according to the exemplary
embodiment includes an anode, a cathode, and an organic
layer between the anode and the cathode. The organic layer
includes at least one layer formed from an organic com-
pound. Alternatively, the organic layer is a laminate of a
plurality of layers formed from the organic compound. The
organic layer may further include an inorganic compound. In
the organic EL device according to the exemplary embodi-
ment, at least one layer of the organic layer is an emitting
layer. Accordingly, the organic layer may be a single emit-
ting layer, or may further include a layer(s) usable for the
organic EL device. The layer(s) usable for the organic EL
device is not particularly limited but is at least one layer
selected from the group consisting of a hole injecting layer,
a hole transporting layer, an electron injecting layer, an
electron transporting layer, and a blocking layer.

[0251] In the exemplary embodiment, it is preferable that
the organic layer includes the plurality of lavers and at least
one of the plurality of layers contains the composition of the
exemplary embodiment.

[0252] Since the composition of the exemplary embodi-
ment is used in the at least one of the layers in the organic
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EL device of the exemplary embodiment, a high perfor-
mance of the organic EL device (e.g., at least one lumines-
cent performance of a drive voltage, a luminous efficiency
and a lifetime) is obtainable. Further, when the composition
of the exemplary embodiment is formed into a film using the
method of the exemplary embodiment (e.g., vacuum evapo-
ration), a material ratio between the first compound and the
second compound in the emitting layer is stable during an
evaporation time from an evaporation initial stage to an
evaporation terminal stage. As a result, the organic elec-
troluminescence device can maintain a high and stable
luminescent performance irrespective of the evaporation
time.

[0253] Inthe organic EL device of the exemplary embodi-
ment, the emitting layer preferably contains the composition
of the exemplary embodiment.

[0254] In the exemplary embodiment, the organic EL
device preferably further includes a hole transporting layer
between the anode and the emitting layer.

[0255] In the exemplary embodiment, the organic EL
device preferably further includes an electron transporting
layer between the cathode and the emitting layer.

[0256] In another exemplary embodiment, it is also pref-
erable that the composition of the exemplary embodiment is
used in the electron transporting zone.

[0257] Typical device arrangements of an organic EL
device include the following arrangements (a) to (f) and the
like:

[0258] (a) anode/emitting layer/cathode;

[0259] (b) anode/hole injectingetransporting layer/emit-
ting layer/cathode;

[0260] (c) anode/emitting
injectingetransporting layer/cathode;
[0261] (d) anode/hole injectingetransporting layer/emit-
ting layer/electron injectingstransporting layer/cathode.
[0262] (e) anode/hole injectingetransporting layer/emit-
ting layer/blocking layer/electron injectingetransporting
layer/cathode; and

[0263] () anode/hole injectingetransporting layer/block-
ing layer/emitting layer/blocking layer/electron
injecting*transporting layer/cathode.

[0264] While the arrangement (d) is preferably used
among the above device arrangements, the arrangement of
the invention is not limited to the above. It should be noted
that the above-described “emitting layer” is an organic layer
having an emitting function. The above-described ‘“hole
injectingetransporting layer” means at least one of a hole
injecting layer and a hole transporting layer.” The above-
described “electron injectingetransporting layer” means at
least one of an electron injecting layer and an electron
transporting layer.” When the organic EL device includes the
hole injecting layer and the hole transporting layer, the hole
injecting layer is preferably provided between the hole
transporting layer and the anode. When the organic EL
device includes the electron injecting layer and the electron
transporting layer, the electron injecting layer is preferably
provided between the electron transporting layer and the
cathode. Fach of the hole injecting layer, the hole transport-
ing layer, the electron transporting layer, and the electron
injecting layer may consist of a single layer or a plurality of
layers.

[0265] The FIGURE schematically shows an arrangement
of the organic EL device of the exemplary embodiment.

layer/electron
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[0266] An organic EL device 1 includes a light-transmis-
sive substrate 2, an anode 3, a cathode 4 and an organic layer
10 disposed between the anode 3 and the cathode 4. The
organic layer 10 includes a hole injecting layer 6, a hole
transporting layer 7, an emitting layer 5, an electron trans-
porting layer 8, and an electron injecting layer 9. The
organic layer 10 includes the hole injecting layer 6, the hole
transporting layer 7, the emitting layer 5, the electron
transporting layer 8, and the electron injecting layer 9, which
are sequentially laminated on the anode 3.

[0267] The emitting layer 5 of the organic ELL device 1
contains the composition of the exemplary embodiment. In
other words, the emitting layer 5 contains the first compound
and the second compound.

[0268] The organic EL device of the exemplary embodi-
ment is driven at a low voltage since the first compound and
the second compound are used in combination in the organic
layer. In order to drive the organic EL device at a low
voltage, the first compound and the second compound are
preferably contained in a single emitting layer.

Compounding Ratio of Organic EL Device

[0269] In an exemplary embodiment of the invention, a
compounding ratio of the first compound and the second
compound is not particularly limited. The compounding
ratio of the first compound and the second compound only
needs to be appropriately determined depending on desired
effects of the organic EL device. The compounding ratio
(mass ratio) represented by the first compound the second
compound is usually in a range from 1:99 to 99:1, preferably
in a range from 10:90 to 90:10.

Layer Formation Method(s)

[0270] A forming method of each layer of the organic EL
device according to the exemplary embodiment is not par-
ticularly limited unless otherwise specified herein. Known
methods such as a dry film-forming method and a wet
film-forming method are usable as the forming method of
the layer. Examples of the dry film-forming include vacuum
evaporation, sputtering, plasma deposition and ion plating.
Examples of the wet film-forming include spin coating,
dipping, flow coating and ink-jet.

Film Thickness

[0271] A film thickness of each layer in the organic EL
device according to the exemplary embodiment is not lim-
ited except for the above particular description. The film
thickness of each layer needs to be set at an appropriate
thickness. When the film thickness is too thick, a large
applied voltage may be required for obtaining emission at a
certain level, which may deteriorate efficiency. When the
film thickness is too thin, pin holes and the like may
generate, which may cause an insufficient luminescence
intensity even when an electric field is applied The film
thickness is typically preferably in a range from 5 nm to 10
wm, more preferably in a range of 10 nm to 0.2 pm.
[0272] Materials and the like of components of the organic
EL device will be described below.

Substrate

[0273] A substrate is used as a support for an emitting
device. For instance, glass, quartz, plastics and the like are
usable as the substrate. A flexible substrate is also usable.
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The flexible substrate is a bendable substrate, which is
exemplified by a plastic substrate formed from polycarbon-
ate and polyvinyl chloride.

Anode

[0274] Metal, an alloy, an electrically conductive com-
pound, a mixture thereof and the like, which have a large
work function, specifically, 4.0 eV or more, are preferably
usable as the anode formed on the substrate. Specific
examples of the material for the anode include indium tin
oxide (ITO), indium tin oxide containing silicon or silicon
oxide, indium zinc oxide, tungsten oxide, indium oxide
containing zinc oxide, and graphene. In addition, the
examples of the material for the anode further include
nitrides of gold (Au), platinum (Pt), or metal materials (e.g.,
titanium nitride).

Hole Injecting Layer

[0275] The hole injecting layer is a layer for efficiently
injecting holes from the anode into the organic layer.
Examples of a substance used for the hole injecting layer
include molybdenum oxide, titanium oxide, vanadium
oxide, rhenium oxide, ruthenium oxide, chromium oxide,
zirconium oxide, hafhium oxide, tantalum oxide, silver
oxide, tungsten oxide, manganese oxide, aromatic amine
compound, acceptor compound, and high-molecular com-
pound (e.g., oligomer, dendrimer, and polymer).

[0276] Among the above examples, the substance used for
the hole injecting layer is preferably an aromatic amine
derivative or the acceptor compound, more preferably the
acceptor compound. Preferable examples of the acceptor
compound include a heterocyclic derivative substituted by
an electron-withdrawing group, a quinone derivative substi-
tuted by an electron-withdrawing group, an aryl borane
derivative, and a heteroaryl borane derivative. Among the
examples, hexacyanohexaazatriphenylene, F,TCNQ (2,3.5,
6-tetrafluoro-7,7,8,8-tetracyanoquinodimethane), or 1,2,3-
tris[(cyano)(4-cyano-2,3,5,6-tetrafluorophenyl)methylene]
cyclopropane is preferably used.

[0277] It is also preferable that a layer containing the
acceptor compound further contains a matrix material.
Organic-EL-device materials are widely usable as the matrix
material. The matrix material used in combination with the
acceptor compound is preferably a donor compound, more
preferably an aromatic amine compound.

Hole Transporting Layer

[0278] The hole transporting layer is a layer containing a
highly hole-transporting substance. An aromatic amine com-
pound, carbazole derivative, anthracene derivative and the
like are usable for the hole transporting layer. Moreover, a
high-molecular compound such as poly(N-vinylcarbazole)
(abbreviation: PVK) and poly(4-vinyltriphenylamine) (ab-
breviation: PVTPA) is also usable for the hole transporting
layer. However, any substance having a hole transporting
performance higher than an electron transporting perfor-
mance may be used in addition to the above substances. The
layer including the highly hole-transporting substance may
be provided in the form of a single layer or a laminate of two
or more layers containing the above substance. A hole
transporting material is preferably a compound represented
by a formula (H) below.
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[0279] In the formula (H), Ar, to Ar, each independently
represent a substituted or unsubstituted aryl group having 6
to 50 ring carbon atoms, a substituted or unsubstituted
heterocyclic group having 5 to 50 ring atoms, or a group
formed by combining the substituted or unsubstituted aryl
group with the substituted or unsubstituted heterocyclic
group. The aryl group is preferably a substituent such as a
phenyl group, biphenyl group, terphenyl group, fluorenyl
group, spirobifluorenyl group, indenofluorenyl group, naph-
thyl group, phenanthryl group, anthryl group, and triph-
enylenyl group. The heterocyclic group is preferably a
dibenzofuranyl group, dibenzothiophenyl group, carbazolyl
group and the like. The group formed by combining the aryl
group with the heterocyclic group is preferably a dibenzo-
furan-substituted aryl group, dibenzothiophene-substituted
aryl group, and carbazole-substituted aryl group. The above
substituents may have an additional substituent, preferable
examples of which are described below.

[0280] The compound represented by the formula (H) is
preferably in a form of a compound in which at least one of
Ar, to Ar, is further substituted by an aryl amino group, and
is also preferably a diamine derivative, a triamine derivative,
or a tetramine derivative. Preferable examples of the
diamine derivative include a tetraaryl-substituted benzidine
derivative, and TPTE (4,4"-bis[N-phenyl-N-[4'-diphe-
nylamino-1,1'-biphenyl-4-yl]amino]-1,1'-biphenyl).

[0281] The hole transporting material used for a layer
adjacent to a phosphorescent layer preferably has a high
triplet level. Each of Ar, to Ar; in the formula (H) is
preferably a substituent such as a fluorenyl group, spirofluo-
renyl group, phenyl group, biphenyl group, phenanthryl
group, triphenylenyl group, dibenzofuranyl group, and
dibenzothiopheny! group, and a group formed by combining
the substituents.

Emitting Layer

[0282] The emitting layer is a layer containing a highly
emittable substance and can be formed of various materials.
The emitting layer typically contains a highly emittable
luminescent material (a dopant material) and a host material
for promoting an efficient emission of the luminescent
material. For instance, a fluorescent compound emitting
fluorescence and a phosphorescent compound emitting
phosphorescence are usable as the highly emittable sub-
stance. The fluorescent compound is a compound capable of
emitting in a singlet state. The phosphorescent compound is
a compound capable of emitting in a triplet state. The
emitting layer containing the fluorescent compound is
referred to as a fluorescent layer. The emitting layer con-
taining the phosphorescent compound is referred to as a
phosphorescent layer.

[0283] The fluorescent compound is widely usable as the
dopant material of the fluorescent layer. Preferable examples
of the dopant material of the fluorescent layer include a
fused polycyclic aromatic derivative, styrylamine deriva-
tive, fused cyclic amine derivative, boron-containing com-
pound, pyrrole derivative, indole derivative, and carbazole



US 2018/0277769 Al

derivative. More preferably, the dopant material of the
fluorescent layer is a fused cyclic amine derivative and a
boron-containing compound. Examples of the fused cyclic
amine derivative include a diaminopyrene derivative,
diaminochrysene derivative, diaminoanthracene derivative,
diaminofluorene derivative, and diaminofluorene derivative
to which one or more benzofuro skeletons are fused.
Examples of the boron-containing compound include a
pyrromethene derivative and a triphenyl borane derivative.
Herein, a derivative of a certain compound refers to a
compound having a skeleton of the certain compound as a
partial structure, and the derivative further encompasses a
compound in which an additional ring is fused to the
skeleton and a compound in which a plurality of substituents
of the skeleton form a ring. For instance, a fused polycyclic
aromatic derivative refers to a compound having a fused
polycyclic aromatic skeleton as a partial structure, and
further encompasses a compound in which an additional ring
is fused to the fused polycyclic aromatic skeleton and a
compound in which a plurality of substituents of the fused
polycyclic aromatic skeleton form a ring.

[0284] A general fluorescent material is usable as the host
material used in the fluoresecent layer. The host material
used in the fluorescent layer is preferably a compound
having the fused polycyclic aromatic derivative as a main
skeleton, particularly preferably an anthracene derivative,
pyrene derivative, chrysene derivative, naphthacene deriva-
tive and the like. A particularly suitable host as a blue host
material (i.e.. a host material usable in combination with a
blue fluorescent dopant material) and a green host material
(a host material usable in combination with a green fluo-
rescent dopant material) is an anthracene derivative repre-
sented by a formula (X) below.

R, Ry X
Ry O Ry
e
A
Ry Rys
[0285] In the formula (X), Ar,, and Ar,, each indepen-

dently represent a substituted or unsubstituted aryl group
having 6 to 50 ring carbon atoms, or a substituted or
unsubstituted heterocyclic group having 3 to 50 ring atoms.
Preferably, Ary, and Ar,, each independently represent a
substituted or unsubstituted aryl group having 6 to 30 ring
carbon atoms, or a heterocyclic group having 5 to 30 ring
atoms.

[0286] A phosphorescent material (the dopant material)
usable for the phosphorescent layer is exemplified by a
metal complex such as an iridium complex, osmium com-
plex, and platinum complex.

[0287] The phosphorescent material that is an ortho-meta-
lated complex of a metal atom selected from the group
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consisting of iridium (Ir), osmium (Os) and platinum (Pt) is
preferably a complex represented by a formula (at) below.

(@)

[0288] In the formula (o), M represents at least one metal
selected from the group consisting of osmium, iridium, and
platinum, and n represents a valence of the selected metal.
[0289] Aring A, represents a substituted or unsubstituted
aryl group having 6 to 24 ring carbon atoms or a substituted
or unsubstituted heteroaryl group having 5 to 30 ring atoms.
Aring A, represents a substituted or unsubstituted heteroaryl
group having 5 to 30 ring atoms and containing nitrogen as
an atom forming a hetero ring.

[0290] The aryl group having 6 to 24 ring carbon atoms in
the ring A, of the formula (o) is exemplified by the aryl
group in the formula (1).

[0291] The heteroaryl group ring having 5 to 30 ring
atoms in the rings A, and A, of the formula (c) is exempli-
fied by the heteroaryl group in the formula (1).

[0292] Therings A, and A, of the formula (ct) can have the
same substituents as those in the formula (1).

[0293] Further preferably, the complex represented by the
formula (o) is a complex represented by a formula (T) or (U)
below.

M

R,

C

2 Xs
R . Sx7”
Xf "X, R,
Ra_);( Al
Sx T .
/ /~ ML’(”HI)
R,— B ¥

[0294] In the formula (T), M represents metal, and rings B

and C each independently represent an aryl group or het-
eroaryl group having 5 or 6 ring atoms.

[0295] Ring A-Ring B represent a bonding pair of the ring
A and an aryl or heteroaryl group and are coordinated with
the metal M through a nitrogen atom of the ring A and an sp?
composite atom of the ring B.

[0296] Ring A-Ring C represent a bonding pair of the ring
A and an aryl or heteroaryl group.

[0297] R,, R, and R, each independently represent one
selected from the group consisting of a hydrogen atom, a
substituted or unsubstituted alkyl group having 1 to 25
carbon atoms, a substituted or unsubstituted alkoxy group
having 1 to 25 carbon atoms, a substituted or unsubstituted
amino group, a substituted or unsubstituted alkenyl group
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having 2 to 25 carbon atoms, a substituted or unsubstituted
alkynyl group having 2 to 25 carbon atoms, a substituted or
unsubstituted aralkyl group having 7 to 50 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 24 ring
carbon atoms, and a substituted or unsubstituted heteroaryl
group having 5 to 30 ring atoms.

[0298] The number of R, R, and R_ each independently
ranges from 1 to 4.

[0299] X, to X, each independently represent a carbon
atom or a nitrogen atom.

[0300] R, and R, each independently represent one
selected from the group consisting of a hydrogen atom, a
substituted or unsubstituted alkyl group having 1 to 25
carbon atoms, a substituted or unsubstituted alkoxy group
having 1 to 25 carbon atoms, a substituted or unsubstituted
amino group, a substituted or unsubstituted alkenyl group
having 2 to 25 carbon atoms, a substituted or unsubstituted
alkynyl group having 2 to 25 carbon atoms, a substituted or
unsubstituted aralkyl group having 7 to 50 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 24 ring
carbon atoms, and a substituted or unsubstituted heteroaryl
group having 5 to 30 ring atoms. At least one of R, R; and
R, bonded to the ring C is not a hydrogen atom.

[0301] m represents an oxidized state of the metal M. n is
1 or more. I represents a mono-anionic bidentate ligand.
[0302] In the formula (T), M is exemplified by osmium,
iridium and platinum, among which iridium is preferable.
[0303] The aryl group having 5 or 6 ring atoms repre-
sented by the ring B and the ring C is exemplified by the
above-described aryl group in the formula (1).

[0304] The heteroaryl group having 5 or 6 ring atoms
represented by the ring B and the ring C is exemplified by
the above-described heteroaryl group in the formula (1).
[0305] The substituted or unsubstituted alkyl group having
1 to 25 carbon atoms, substituted or unsubstituted alkoxy
group having 1 to 25 carbon atoms, substituted or unsub-
stituted aralkyl having 7 to 50 carbon atoms, substituted or
unsubstituted aryl group having 6 to 24 ring carbon atoms,
and substituted or unsubstituted heteroaryl group having 5 to
30 ring atoms represented by R, R,, R, R, and R_ are the
same as those described above.

[0306] The substituted or unsubstituted alkenyl group hav-
ing 2 to 25 carbon atoms and substituted or unsubstituted
alkynyl group having 2 to 25 carbon atoms represented by
R,,R,, R,, R, and R, are the same as those described above.
[0307] The mono-anionic bidentate ligand represented by
L' is exemplified by a ligand represented by a formula (L")
below.

@

[0308] In the formula (L), X, to X,, R, and R, are the
same as X, to X, R, and R, in the formula (T). Preferable
examples of X, to X, R, and R,, in the formula (L") are the
same as those in the formula (T).
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[0309] The ligand represented by the formula (L") is
coordinated with the metal M represented in the formula (T)
through a solid line extending from X, to an outside of the
ring B and a dashed line extending from a nitrogen atom of
the ring A to an outside of the ring A.

(Y]

[0310] In the formula (U), X represents one selected from
the group consisting of NR, an oxygen atom, a sulfur atom,
BR, and a selenium atom. R represents a hydrogen atom or
a substituted or unsubstituted alkyl group having 1 to 25
carbon atoms.

[0311] R,,R,, R;and R, each independently represent one
selected from the group consisting of a hydrogen atom, a
substituted or unsubstituted alkyl group having 1 to 25
carbon atoms and a substituted or unsubstituted aryl group
having 6 to 24 ring carbon atoms. The number of R,, R,. R
and R, each independently ranges from 1 to 4.

[0312] In the formula (U), the alkyl group having 1 to 25
carbon atoms represented by R, R;, R,, Ry and R, is
exemplified by the above-described groups. Preferable
examples of the alkyl group having 1 to 25 carbon atoms
represented by R, R, R,, R; and R, are the same as those
described above.

[0313] Moreover, the aryl group having 6 to 24 ring
carbon atoms represented by R, R,, R; and R, is exempli-
fied by the above-described groups. Preferable examples of
the aryl group having 6 to 24 ring carbon atoms represented
by R}, R,, R; and R, are the same as those described above.

[0314] The complex represented by the formula (T) or (U)
is preferably compounds shown below, but is not limited
thereto.
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[0315] The phosphorescent material is also preferably an

iridium complex represented by a formula (f) below.

®

[0316] In the formula (), A’ to A® include a carbon atom
or anitrogen atom, at least one of A" to A® is a nitrogen atom,
the ring B is bonded to the ring A by C—C bond, and iridium
(Ir) is bonded to the ring A by Ir—C bond.

[0317] In the formula (B), only one of A' to A® is prefer-
ably a nitrogen atom, more preferably only one of A® to A®
is a nitrogen atom, and further preferably A® is a nitrogen
atom. In the formula (B), A* and A* of A" to A* are preferably
carbon atoms. In the formula (f), it is preferable that A® is
anitrogen atom and A’ to A* and A° to A® are carbon atoms.
[0318] AS is preferably CR (carbon atom bonded with R),
in which R is selected from the group consisting of a
substituted or unsubstituted alkyl group having 1 to 25
carbon atoms, a substituted or unsubstituted cycloalkyl
group having 3 to 25 ring carbon atoms, and a combination

33
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thereof. R is preferably a substituted or unsubstituted alkyl
group having 1 to 25 carbon atoms or a substituted or
unsubstituted cycloalkyl group having 3 to 25 ring carbon
atoms.

[0319]

[0320] In the formula (), R! to R* are each independently
mono-substituted, di-substituted, tri-substituted, tetra-sub-
stituted, or unsubstituted. Adjacent ones of R' to R* are
optionally bonded to each other to form a ring. R* to R* are
each independently selected from the group consisting of
hydrogen, deuterium, halogen, a substituted or unsubstituted
alkyl group having 1 to 25 carbon atoms, a substituted or
unsubstituted cycloalkyl group having 3 to 25 ring carbon
atoms, a substituted or unsubstituted heteroalkyl group
having 2 to 25 atoms, a substituted or unsubstituted arylalkyl
group having 7 to 50 carbon atoms, a substituted or unsub-
stituted alkoxy group having 1 to 25 carbon atoms, a
substituted or unsubstituted aryloxy group having 6 to 24
ring carbon atoms, a substituted or unsubstituted animo
group, a substituted silyl group, a substituted or unsubsti-
tuted alkenyl group having 2 to 25 carbon atoms, a cycloalk-
enyl group having 3 to 25 ring carbon atoms, a heteroalkenyl
group having 3 to 25 atoms, an alkynyl group having 2 to 25
carbon atoms, an aryl group having 6 to 24 ring carbon
atoms, a heteroaryl group having 5 to 30 ring atoms, an acyl
group, a substituted carbonyl group, carboxylic acid, ester,
a nitrile group, an isonitrile group, a sulfanyl group, a
sulfinyl group, a sulfonyl group, a phosphino group, and a
combination thereof. The substituted silyl group is a silyl
group substituted by at least one group selected from the
group consisting of an alkyl group having 1 to 25 carbon
atoms and an aryl group having 6 to 24 ring carbon atoms.
The substituted carbonyl group is a carbonyl group substi-
tuted by at least one group selected from the group consist-
ing of an alkyl group having 1 to 25 carbon atoms and an
aryl group having 6 to 24 ring carbon atoms. In the formula
(B), it is preferable that R' to R* are each independently
selected from the group consisting of hydrogen, deuterium,
an alkyl group having 1 to 25 carbon atoms, and a combi-
nation thereof. At least one of R* and R? is preferably an
alkyl group having 1 to 25 carbon atoms, in which the alkyl
group is more preferably deuterated or partially deuterated.

In the formula (), X is 0, S or Se, preferably 0.

[0321] In the formula (§), n is an integer of 1 to 3,
preferably 1.
[0322] Examples of the iridium complex represented by

the formula () are shown below, but the iridium complex is
not limited to the examples.
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[0323] The complex represented by the formula (c) may

be a complex represented by a formula (V), (X), (Y) or (Z) “ o
below in addition to the complex represented by the formula [0324] In the formula (V), (X), (Y) or (2), R*” to R each
(T) or (U). independently represent a hydrogen atom or a substituent, k

is an integer of 1 to 4, I is an integer of 1 to 4, and m is an
integer of 1 to 2. M is Ir, Os, or Pt.

(V) [0325] Examples of the substituent represented by R*° to
R>* are the same substituent as those described above.

[0326] The formula (V) is preferably represented by a
formula (V-1). The formula (X) is preferably represented by
a formula (X-1) or (X-2). In the following formulae (V-1),
(X-1) and (X-2), R*°, k and M represent the same as R>°, k
and M described above.

(V-1)

&

XD
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[0327] Examples of the complex represented by the for-
mula (V), (X), (Y) or (Z) are shown below, but the complex
is not limited to the examples.
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Host Material in Emitting Layer

[0328] The host material used in the phosphorescent layer
is preferably a material having a higher triplet level than a
phosphorescent dopant. A general phosphorescent host
material such as an aromatic derivative, a heterocyclic
derivative, and a metal complex is usable as the host
material used in the phosphorescent layer. Among the
examples of the host material used in the phosphorescent
layer, an aromatic derivative and a heterocyclic derivative
are preferable. Examples of the aromatic derivative include
a naphthalene derivative, triphenylene derivative, phenan-
threne derivative, and a fluoranthene derivative. Examples
of the heterocyclic derivative include an indole derivative,
carbazole derivative, pyridine derivative, pyrimidine deriva-
tive, triazine derivative, quinoline derivative, isoquinoline
derivative, quinazoline derivative, dibenzofuran derivative,
and dibenzothienyl derivative. Herein, the derivative is
defined the same as described above.

[0329] The composition of the exemplary embodiment is
a preferable example of the host material used in the
phosphorescent layer.

Electron Transporting Layer

[0330] The electron transporting layer is a layer containing
a highly electron-transporting substance.

[0331] At least one layer may be provided between the
electron transporting layer and the emitting layer in order to
improve the performance of the organic EL device. The at
least one layer is referred to as a second electron transporting
layer, hole blocking layer or triplet block layer. In order to
improve hole blocking capability, a material having a deep
HOMO level is preferably used. In order to improve triplet
block capability, a material having a high triplet level is
preferably used.

[0332] In the electron transporting layer, a metal complex
such as an aluminum complex, beryllium complex and zinc
complex; a hetero cyclic compound such as an imidazole
derivative, benzimidazole derivative, azine derivative, car-
bazole derivative, and phenanthroline derivative; a fused
aromatic hydrocarbon derivative; and a high-molecular
compound are usable. Preferable examples of the material
for the electron transporting layer include an imidazole
derivative (e.g., a benzimidazole derivative, imidazopyri-
dine derivative, and benzimidazophenanthridine derivative),
an azine derivative (e.g., a pyrimidine derivative, triazine
derivative, quinoline derivative, isoquinoline derivative, and
phenanthroline derivative (i.e., a hetero ring), which may be
substituted by a phosphine oxide substituent), and an aro-
matic hydrocarbon derivative (e.g., an anthracene derivative
and fluoranthene derivative).
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[0333] The composition of the exemplary embodiment is
a preferable example of the material included in the electron
transporting layer, the hole blocking layer or the triplet block
layer.

[0334] As a preferable example, the electron transporting
layer may include at least one selected from the group
consisting of an alkali metal (e.g., Li and Cs), an alkaline
earth metal (e.g., Mg), an alloy thereof, a derivative of the
alkali metal (e.g., a lithium quinolinato complex), and a
derivative of the alkaline earth metal. When the electron
transporting layer includes at least one of the alkali metal,
the alkaline earth metal, and the alloy thereof, a content ratio
of the at least one included in the electron transporting layer
is preferably in a range from 0.1 to 50 mass %, more
preferably in a range from 0.1 to 20 mass %, further
preferably in a range from 1 to 10 mass %. When the
electron transporting layer includes at least one of the
derivative of the alkali metal and the derivative of the
alkaline earth metal, a content ratio of the at least one
derivative included in the electron transporting layer is
preferably in a range from 1 to 99 mass %, more preferably
in a range from 10 to 90 mass %.

Electron Injecting Layer

[0335] The electron injecting layer is a layer containing a
highly electron-injectable substance. Examples of a material
for the electron injecting layer include an alkali metal, an
alkaline earth metal, and an alloy thereof, examples of which
include lithium (L1), lithium fluoride (LiF), cesium fluoride
(CsF). calcium fluoride (CaF,), and lithium oxide (LiOx), a
derivative of the alkali metal (e.g., a lithium quinolinato
complex), and a derivative of the alkaline earth metal.

Cathode

[0336] Metal, an alloy, an electrically conductive com-
pound, a mixture thereof and the like, which have a small
work function, specifically, of 3.8 eV or less, is preferably
usable as a material for the cathode. Examples of the
material for the cathode include elements belonging to
Groups 1 and 2 in the periodic table of the elements,
specifically, an alkali metal such as lithium (Li) and cesium
(Cs), an alkaline earth metal such as magnesium (Mg), and
an alloy (e.g., MgAg and AlLi) including the alkali metal or
the alkaline earth metal, a rare earth metal, and an alloy
including the rare earth metal.

[0337] Herein, a hydrogen atom encompasses isotopes
having different numbers of neutrons, specifically, protium,
deuterium and tritium.

[0338] Herein, the number of carbon atoms forming a ring
(also referred to as ring carbon atoms) means the number of
carbon atoms included in atoms forming the ring itself of a
compound in which the atoms are bonded to form the ring
(e.g., a monocyclic compound, a fused ring compound, a
cross-linked compound, a carbocyclic compound, and a
heterocyclic compound). When the ring is substituted by a
substituent, the “ring carbon atoms” do not include carbon
(s) contained in the substituent. Unless specifically
described, the same applies to the “ring carbon atoms”
described later. For instance, a benzene ring has 6 ring
carbon atoms, a naphthalene ring has 10 ring carbon atoms,
a pyridinyl group has 5 ring carbon atoms, and a furanyl
group has 4 ring carbon atoms. When the benzene ring
and/or the naphthalene ring is substituted by, for instance, an
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alkyl group, the number of carbon atoms of the alkyl group
is not included in the number of the ring carbon atoms.
When a fluorene ring is substituted by, for instance, a
fluorene ring (e.g., a spirofluorene ring), the number of
carbon atoms of the fluorene ring as a substituent is not
counted in the number of the ring carbon atoms for the
fluorene ring.

[0339] Herein, the number of atoms forming a ring (also
referred to as ring atoms) means the number of atoms
forming the ring itself of a compound in which the atoms are
bonded to form the ring (e.g., a monocyclic compound, a
fused ring compound, a cross-linked compound, a carbocy-
clic compound, and a heterocyclic compound). Atom(s) not
forming a ring and atom(s) included in a substituent when
the ring is substituted by the substituent are not counted in
the number of the ring atoms. Unless specifically described,
the same applies to the “ring atoms™ described later. For
instance, a pyridine ring has 6 ring atoms, a quinazoline ring
has 10 ring atoms, and a furan ring has 5 ring atoms.
Hydrogen atoms respectively bonded to the pyridine ring
and the quinazoline ring and atoms forming the substituents
are not counted in the number of the ring atoms. When a
fluorene ring is substituted by, for instance, a fluorene ring
(e.g., a spirofluorene ring), the number of atoms of the
fluorene ring as a substituent is not counted in the number of
the ring atoms for the fluorene ring.

[0340] Herein, “XX to YY carbon atoms” in the descrip-
tion of “a substituted or unsubstituted 77 group having XX
to YY carbon atoms™ represent carbon atoms of an unsub-
stituted Z7 group and do not include carbon atoms of a
substituent(s) of the substituted ZZ group.

[0341] Herein, “XX to YY atoms” in the description of
“substituted or unsubstituted ZZ group having XX to YY
atoms” represent atoms of an unsubstituted Z7Z group and
does not include atoms of a substituent(s) of the substituted
77 group.

[0342] “Unsubstituted” in the description of “substituted
or unsubstituted” herein means that a group is not substi-
tuted by the above-described substituents but bonded with a
hydrogen atom.

[0343] Specific examples of each of the group in the
formulae and specific examples of the substituent in the
description of “substituted or unsubstituted” herein will be
described.

[0344] Herein, the substituent in the description of “sub-
stituted or unsubstituted” is at least one group selected from
the group consisting of an aryl group having 6 to 30 ring
carbon atoms, heteroaryl group having 5 to 30 ring atoms,
alkyl group (a linear or branched alkyl group) having 1 to 25
carbon atoms, cycloalkyl group having 3 to 25 ring carbon
atoms, halogenated alkyl group having 1 to 25 carbon atoms,
alkylsilyl group having 3 to 25 carbon atoms, arylsilyl group
having 6 to 30 ring carbon atoms, alkoxy group having 1 to
25 carbon atoms, aryloxy group having 6 to 30 ring carbon
atoms, heteroaryloxy group having 5 to 30 ring atoms,
substituted amino group, alkylthio group having 1 to 25
carbon atoms, arylthio group having 6 to 30 ring carbon
atoms, heteroarylthio group having 5 to 30 ring atoms,
aralkyl group having 7 to 30 carbon atoms, alkyl group
substituted by a heteroaryl group having 5 to 30 carbon
atoms, alkenyl group having 2 to 30 carbon atoms, alkynyl
group having 2 to 30 carbon atoms, phosphoryl group
substituted by an aryl group having 6 to 30 carbon atoms or
a heterocyclic group having 5 to 30 atoms, boryl group
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substituted by an aryl group having having 6 to 30 carbon
atoms ot a heterocyclic group having 5 to 30 atoms, halogen
atom, cyano group, hydroxyl group, nitro group, and car-
boxy group.

[0345] Herein, the substituent in the description of “sub-
stituted or unsubstituted” is preferably at least one group
selected from the group consisting of an aryl group having
6 to 30 ring carbon atoms, heteroaryl group having 5 to 30
ring atoms, an alkyl group having 1 to 25 carbon atoms (a
linear or branched alkyl group), alkylsilyl group having 3 to
25 carbon atoms, arylsilyl group having 6 to 30 ring carbon
atoms, and cyano group, further preferably the preferable
examples of each of the substituents in the description.

[0346] Herein, the substituent in the description of “sub-
stituted or unsubstituted” may be further substituted by at
least one group selected from the group consisting of an aryl
group having 6 to 30 ring carbon atoms, heteroaryl group
having 5 to 30 ring atoms, alkyl group (a linear or branched
alkyl group) having 1 to 25 carbon atoms, cycloalkyl group
having 3 to 25 ring carbon atoms, alkylsilyl group having 3
to 25 carbon atoms, arylsilyl group having 6 to 30 ring
carbon atoms, alkoxy group having 1 to 25 carbon atoms,
aryloxy group having 6 to 30 ring carbon atoms, substituted
amino group, alkylthio group having 1 to 25 carbon atoms,
arylthio group having 6 to 30 ring carbon atoms, aralkyl
group having 7 to 30 carbon atoms, alkenyl group having 2
to 30 carbon atoms, alkynyl group having 2 to 30 carbon
atoms, halogen atom, cyano group, hydroxyl group, nitro
group, and carboxy group. In addition, plural ones of these
substituents may be mutually bonded to form a ring.

[0347] Herein, the substituent in the description of “sub-
stituted or unsubstituted” is preferably at least one group
selected from the group consisting of an aryl group having
6 to 30 ring carbon atoms, heteroaryl group having 5 to 30
ring atoms, an alkyl group having 1 to 25 carbon atoms (a
linear or branched alkyl group), halogen atom, and cyano
group, further preferably the preferable examples of each of
the substituents in the description.

[0348] Examples of the alkyl group include a methyl
group, ethyl group, n-propyl group, isopropyl group, n-butyl
group, isobutyl group, s-butyl group, t-butyl group, pentyl
group (including an isomer group thereof), hexyl group
(including an isomer group thereof), heptyl group (including
an isomer group thereof), octyl group (including an isomer
group thereof), nonyl group (including an isomer group
thereof), decyl group (including an isomer group thereof),
undecyl group (including an isomer group thereof), and
dodecyl group (including an isomer group thereof). Among
the examples, a methyl group, ethyl group, n-propyl group,
isopropyl group, n-butyl group, isobutyl group, s-butyl
group, t-butyl group and pentyl group (including an isomer
group of each group) are preferable. A methyl group, ethyl
group, n-propyl group, isopropyl group, n-butyl group,
isobutyl group, s-butyl group and t-butyl group are more
preferable. A methyl group, ethyl group, isopropyl group
and t-butyl group are particularly preferable.

[0349] An alkyl group has 1 to 25 carbon atoms, prefer-
ably 1 to 10 carbon atoms.

[0350] Ahalogenated alkyl group provided by substituting
the alkyl group with a halogen atom is exemplified by a
halogenated alkyl group provided by substituting the alkyl
group having 1 to 25 carbon atoms with one or more halogen
atoms, preferably with a fluorine atom(s).
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[0351] Specific examples of the halogenated alkyl group
having 1 to 25 carbon atoms includes a fluoromethyl group,
difluoromethyl group, triftuoromethyl group, fluoroethyl
group, trifluoromethylmethyl group, trifluoroethyl group,
and pentafluoroethyl group.

[0352] An alkenyl group is a group having a double bond
in the above alkyl group and has 2 to 25 carbon atoms,
preferably 2 to 10 carbon atoms. An alkenyl group is more
preferably a vinyl group.

[0353] An alkynyl group is a group having a triple bond in
the above alkyl group and has 2 to 25 carbon atoms,
preferably 2 to 10 carbon atoms. The alkynyl group is more
preferably an ethynyl group.

[0354] Examples of the cycloalkyl group are a cyclopropyl
group, cyclobutyl group, cyclopentyl group, cyclohexyl
group, cycloheptyl group, cyclooctyl group and adamantly
group. Among the examples, a cyclopentyl group and a
cyclohexyl group are preferable.

[0355] The cycloalkyl group has 3 to 25 ring carbon
atoms, preferably 3 to 10 ring carbon atoms, more preferably
3 to 8 ring carbon atoms, further preferably 3 to 6 ring
carbon atoms.

[0356] An alkoxy group is represented by —OY™.
Examples of Y*° are the same as the examples of the alkyl
group and the cycloalkyl group. The alkoxy group prefer-
ably has 1 to 25 carbon atoms, more preferably 1 to 10
carbon atoms.

[0357] An alkylthio group is represented by —SY*°.
Examples of Y*° are the same as the examples of the alkyl
group and the cycloalkyl group.

[0358] The alkylthio group has 1 to 25 carbon atoms,
preferably 1 to 10 carbon atoms.

[0359] Examples of the halogen atom include a fluorine
atom, a chlorine atom, a bromine atom and a iodine atom,
among which the fluorine atom is preferable.

[0360] Examples of the aryl group include a phenyl group,
biphenylyl group, terphenylyl group, naphthyl group, ace-
naphthylenyl group, anthryl group, benzanthryl group,
aceanthryl group, phenanthryl group, benzo[c]phenanthryl
group, phenalenyl group, fluorenyl group, picenyl group,
pentaphenyl group, pyrenyl group, chrysenyl group, benzo
[g]chrysenyl group, s-indacenyl group, as-indacenyl group,
fluoranthenyl group, benzo[k]fluoranthenyl group, triph-
enylenyl group, benzo[bltriphenylenyl group and perylenyl
group. Among the examples, a phenyl group, biphenylyl
group, terphenylyl group, naphthyl group, phenanthryl
group, triphenylenyl group, fluorantheny! group, and fluo-
renyl group are preferable. A phenyl group, biphenylyl
group, and terphenylyl group are more are preferable. A
phenyl group is further preferable.

[0361] The aryl group has 6 to 30 ring carbon atoms,
preferably 6 to 24 ring carbon atoms, more preferably 6 to
20 ring carbon atoms, further preferably 6 to 18 ring carbon
atoms.

[0362] An arylene group is a divalent group Y*' provided
by further removing one hydrogen atom or substituent from
the above aryl group.

[0363] An aralkyl group is represented by —Y''—Y*°,
Y is exemplified by a divalent group (an alkylene group or
cycloalkylene group) provided by further removing one
hydrogen atom or substituent from the above examples of
the alky] group and the cycloalkyl group. Y*° is exemplified
by the above aryl group.
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[0364] An aryloxy group is represented by —OY.
Examples of Y*° are the same as the examples of the aryl
group.

[0365] A heteroaryloxy group is represented by —OY>°,
Examples of Y° are the same as the examples of the
heteroaryl group.

[0366] An arylthio group is represented by —SY*.
Examples of Y*° are the same as the examples of the aryl
group.

[0367] A heteroarylthio group is represented by —SY*°.
Examples of Y°° are the same as the examples of the
heteroaryl group.

[0368] An arylcarbonyloxy group is represented by —O—
(C=0)—Y?°. Examples of Y* are the same as the
examples of the aryl group.

[0369] A substituted carbonyl group having a substituent
selected from an alkyl group and an aryl group is represented
by —(C=0)—Y"° or —(C=0)—Y*°. Examples of Y'° are
the same as the examples of the alkyl group and the
cycloalkyl group. Examples of Y*° are the same as the
examples of the aryl group.

[0370] A heterocyclic group includes a heterocyclic group
having no aromatic property and an aromatic heterocyclic
group having an aromatic property (i.e., referred to as a
heteroaryl group when the heterocyclic group is monova-
lent, and a heteroarylene group when the heterocyclic group
is divalent).

[0371] Examples of the heterocyclic group having no
aromatic property include a cyclic group having 3 to 30 ring
atoms, preferably 3 to 20 ring atoms, including a nitrogen
atom, oxygen atom and/or sulfur atom. Specific examples of
the heterocyclic group having no aromatic property include
aziridine, oxirane, thiirane, azetidine, oxetane, trimethylene
sulfide, pyrrolidine, tetrahydrofuran, tetrahydrothiophene,
piperidine, tetrahydropyrane, and tetrahydrothiopyrane.
[0372] The heterocyclic group is exemplified by a cyclic
group including a hetero atom such as a nitrogen atom,
oxygen atom, sulfur atom, and phosphorus atom. The ring
atoms preferably include an atom selected from the group
consisting of a nitrogen atom, oxygen atom and sulfur atom.
The heterocyclic group is preferably a heteroaryl group
having an aromatic property. Examples of the heteroaryl
group includes a pyrrolyl group, furyl group, thienyl group,
pyridyl group, imidazopyridyl group, pyridazynyl group,
pyrimidinyl group, pyrazinyl group, triazinyl group, imida-
zolyl group, oxazolyl group, thiazolyl group, pyrazolyl
group, isooxazolyl group, isothiazolyl group, oxadiazolyl
group, thiadiazolyl group, triazolyl group, tetrazolyl group,
indolyl group, isoindolyl group, benzofuranyl group, isoben-
zofuranyl group, benzothiophenyl group, isobenzothiophe-
nyl group, indolizinyl group, quinolizinyl group, quinolyl
group, isoquinolyl group, cinnolyl group, phthalazinyl
group, quinazolinyl group, quinoxalinyl group, benzimida-
zolyl group, benzoxazolyl group, benzothiazolyl group,
indazolyl group, benzisoxazolyl group, benzisothiazolyl
group, dibenzofuranyl group, dibenzothiophenyl group, car-
bazolyl group, 9-phenylcarbazolyl group, phenanthridinyl
group, acridinyl group, phenanthrolinyl group, phenazinyl
group, phenothiazinyl group, phenoxazinyl group and xan-
thenyl group. Among the example, a pyridyl group, imida-
zopyridyl group, pyridazynyl group, pyrimidinyl group,
pyrazinyl group, triazinyl group. benzimidazolyl group,
dibenzofuranyl group, dibenzothiophenyl group, carbazolyl
group, carbazolyl group substituted at a position 9 by an aryl
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group or a heterocyclic group, phenanthrolinyl group and
quinazolinyl group are preferable.

[0373] The heterocyclic group has 3 to 30 ring atoms,
preferably 5 to 24 ring atoms, more preferably 5 to 18 ring
atoms.

[0374] The heteroaryl group has 5 to 30 ring atoms,
preferably 5 to 24 ring atoms, more preferably 5 to 18 ring
atoms.

[0375] The ring atoms of the heteroaryl group are prefer-
ably a nitrogen atom, oxygen atom or sulfur atom in addition
to a carbon atom.

[0376] A heteroarylene group is a divalent group Y>!
provided by further removing one hydrogen atom or sub-
stituent from the above heteroaryl group.

[0377] Herein, the heterocyclic group may be a group
derived from any one of partial structures represented by
formulae (XY-1) to (XY-18) below.

XY-1)
XA YA
XY-2)
X4
XY-3)
ge
XY-4)
g%
Y1
XY-5)
(1L,

%
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-continued
(XY-6) XY-14)
X4
(L)~
Q b
XY-15)
g
e
XY-7) —_—
g%
XY-8) N (XY-17)
(1,
(XY-9)
Yy /
XY-18)
X4
XY-10) Y,
Y

[0378] Inthe formulae (XY-1)to (XY-18), X, andY , each
independently represent a hetero atom, and preferably rep-
resent an oxygen atom, sulfur atom, selenium atom, silicon
atom or germanium atom. The partial structures represented
XY-11) by the formulae (XY-1) to (XY-18) may each be bonded in
any position to be a heterocyclic group, which may be
substituted.
[0379] A mono-substituted amino group having a substitu-
ent selected from an alkyl group and aryl group is repre-
sented by —NH(Y*'") or —NH(Y?®), in which Y*° and Y*°
are the same as the above.
[0380] A di-substituted amino group having substituents
(XY-12) selected from an alkyl group and aryl group is represented
by —N(Y'y*—N(Y*°), or —N(Y*°)(Y*°) in which Y'° and
Y?" are the same as the above. When two Y'° or two Y*° are
present, the two Y*° or two Y?° may be mutually the same
or different.
[0381] A mono-substituted silyl group having a substitu-
ent selected from an alkyl group and aryl group is repre-
sented by —SiH,(Y*%) or —SiH,(Y*).
[0382] A di-substituted silyl group having substituents
selected from an alkyl group and aryl group is represented
by —SiH(Y'),, —SiH(Y?"), or —SiH(Y'*)}(Y®).
[0383] A tri-substituted silyl group having substituents
selected from an alkyl group and aryl group is represented

by —Si(Y'%);, —Si(Y*)s, —Si(Y'),(Y*) or —Si(Y"")

(XY-13)
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(Y?),. Y and Y*° are the same as the above. When a
plurality of Y'° or a plurality of Y*° are present, the plurality
of Y*° or the plurality of Y*° may be mutually the same or
different.

[0384] A substituted sulfonyl group having a substituent
selected from an alkyl group and aryl group is represented
by —S8(=0),—Y*° or —S8(=0),—Y*° in which Y*° and
Y2 are the same as the above.

[0385] A di-substituted phosphoryl group having substitu-
ents selected from an alkyl group and aryl group is repre-
sented by —O—P(=0)(Y'?),, —O—P(=0)Y*), or
—O—P=O)Y')(Y*). Y'? and Y* are the same as the
above. When two Y*° or two Y*° are present, the two Y'° or
the two Y*° may be mutually the same or different.

[0386] An alkylsulphonyl group having an alkyl group is
represented by —O—S(=0),(Y"), in which Y'° is the
same as the above.

[0387] An arylsulphonyloxy group having a substituent
selected from an aryl group is represented by —O—S(—0)
,(Y?9), in which Y*° is the same as the above.

Electronic Device

[0388] An electronic device according to an exemplary
embodiment of the invention includes the organic electrolu-
minescence device of the above exemplary embodiment.
[0389] The organic electroluminescence device of the
above exemplary embodiment is usable for various elec-
tronic devices. For example, the organic electrolumines-
cence device of the above exemplary embodiment is usable
for a light source of a flat light-emitting body, a backlight,
instruments and the like, a display plate, sign lamp and the
like. The flat light-emitting body is exemplified by a flat
panel display of a wall-hanging TV. The backlight is exem-
plified by a backlight of a copier, a printer, a liquid crystal
display and the like.

[0390] Moreover, the compound according to the exem-
plary embodiment is usable not only in the organic EL
device but also in fields such as an electrophotographic
photoreceptor, photoelectric conversion element, solar bat-
tery and image sensor.

MODIFICATION OF EMBODIMENTS

[0391] It should be noted that the invention is not limited
to the above exemplary embodiments but may include any
modification and improvement as long as such modification
and improvement are compatible with the invention.
[0392] In the above exemplary embodiment, the compo-
sition being contained in the emitting layer is exemplarily
described. An organic EL device according to still another
exemplary embodiment includes a composition in a single
layer of the organic layer(s) except for the emitting layer. For
instance, an organic EL device includes an anode, a cathode,
an emitting layer provided between the anode and the
cathode, and an electron transporting zone provided between
the emitting layer and the cathode, in which the electron
transporting zone includes the composition of the above
exemplary embodiment.

[0393] For instance, the emitting layer is not limited to a
single layer, but may be provided by laminating a plurality
of emitting layers. When the organic EL device has a
plurality of emitting layers, it is only required that at least
one of the emitting layers satisfies the conditions described
in the above exemplary embodiment. For instance, the rest
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of the emitting layer may be a fluorescent emitting layer or
a phosphorescent emitting layer with use of emission by
electron transfer from the triplet state directly to the ground
state.

[0394] When the organic EL device includes a plurality of
emitting layers, the plurality of emitting layers may be
adjacent to each other, or provide a so-called tandem-type
organic EL device in which a plurality of emitting units are
layered through an intermediate layer.

[0395] For instance, a blocking layer may be provided
adjacent to at least one side of a side near the anode and a
side near the cathode of the emitting layer. The blocking
layer is preferably provided in contact with the emitting
layer to at least block holes, electrons or excitons.

[0396] For instance, when the blocking layer is provided
in contact with the cathode-side of the emitting layer, the
blocking layer permits transport of electrons, but blocks
holes from reaching a layer provided near the cathode (e.g,,
the electron transporting layer) beyond the blocking layer.
When the organic EL device includes the electron transport-
ing layer, the blocking layer is preferably interposed
between the emitting layer and the electron transporting
layer.

[0397] When the blocking layer is provided in contact
with the anode-side of the emitting layer, the blocking layer
permits transport of holes, but blocks electrons from reach-
ing a layer provided near the anode (e.g., the hole transport-
ing layer) beyond the blocking layer. When the organic EL
device includes the hole transporting layer, the blocking
layer is preferably interposed between the emitting layer and
the hole transporting layer.

[0398] Further, the blocking layer may be provided in
contact with the emitting layer to prevent an excitation
energy from leaking from the emitting layer into neighbor-
ing layers. The the blocking layer blocks excitons generated
in the emitting layer from moving into a layer provided near
the electrode (e.g., the electron transporting layer and the
hole transporting layer) beyond the blocking layer.

[0399] The emitting layer is preferably in contact with the
blocking layer.
[0400] Specific structure and shape of the components in

the present invention may be designed in any manner as long
as the object of the present invention can be achieved.

EXAMPLE(S)
[0401] Example(s) of the invention will be described
below. However, the invention is not limited to Example(s).
Compounds

[0402] Compounds used for manufacturing the organic EL
device will be shown below.

HAT
CN
CN
N /
NC N N
-
x
NC N N
N
N CN
CN
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PGH-P1
O
PGH-N1

Manufacturing of Organic EL Device

[0403] The organic EL. device was manufactured as fol-
lows.

Example 1

[0404] 1.1 gofacompound PGH-P1 was measured. 1.1 g
of a compound PGH-N1 was measured. The obtained two
compounds were mixed in a mortar. After being mixed, 2 g
of the obtained mixture was fed into a quartz cruicible for a
vacuum evaporator. A part of the mixture of the compound
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PGH-P1 and the compound PGH-N1 in the crucible was
collected. The collected substance was dissolved in tetrahy-
drofuran. Based on a peak area value of each of components
detected by HPLC (High Performance Liquid Chromatog-
raphy), a ratio between the compound PGH-P1 and the
compound PGH-N1 was measured to find that a mass ratio
(initial ratio) was compound PGH-P1:compound PGH-
N1=5:5.

[0405] The crucible filled with the compound PGH-P1 and
the compound PGH-NI1, a crucible filled with a compound
HAT, a crucible filled with a compound HT-1, a crucible
filled with a compound HT-2, a crucible filled with a
compound PGD-1, a crucible filled with a compound ET-1,
and a crucible filled with a 8-quinolinolato lithium (Liq)
were set in the vacuum evaporator.

[0406] A glass substrate (size: 25 mmx75 mmx1.l mm
thick, manufactured by Geomatec Co., Ltd.) having an ITO
transparent electrode (anode) was ultrasonic-cleaned in 1so-
propyl alcohol for five minutes, and then UV/ozone-cleaned
for 30 minutes. A film of ITO was set to be 130-nm thick.
After the glass substrate having the transparent electrode
line was cleaned, the glass substrate was mounted on a
substrate holder of the vacuum evaporator. Initially, a com-
pound HAT was deposited on a first surface of the glass
substrate where the transparent electrode line was provided
in a manner to cover the transparent electrode while a second
side of the glass substrate was protected by a mask, thereby
forming a 10-nm thick HAT film of the compound HAT to
form a hole injecting layer.

[0407] Next, on the hole injecting layer, a compound HT-1
was deposited to form a 110-nm thick HT-1 film, thereby
providing a first hole transporting layer.

[0408] Next, on the first hole transporting layer, a com-
pound HT-2 was deposited to form a 35-nm thick HT-2 film,
thereby providing a second hole transporting layer.

[0409] Next, on the second hole transporting layer, the
mixture of the compound PGH-P1 and the compound PGH-
N1 were co-deposited with the compound PGD-1 to form a
40-nm-thick emitting layer. A concentration of the com-
pound PGD-1 in the emitting layer was set at 5 mass %.

[0410] Subsequent to the formation of the emitting layer,
the compound ET-1 and 8-quinolinolato lithium (Liq) were
co-deposited at a mass ratio of 50:50 to form a 30-nm thick
electron transporting layer.

[0411] Liq was deposited on the electron transporting
layer to form a 1-nm thick electron injecting layer.

[0412] A metal Al was deposited on the electron injecting
layer to form an 80-nm thick metal cathode.

[0413] The thus manufactured organic EL device was
defined as an organic EL device at an evaporation initial
stage.

[0414] After the organic EL device was manufactured, the
ITO substrate was moved out of the chamber. The evapo-
ration of the mixture of the compound PGH-P1 and the
compound PGH-N1 was continued until the mass of the
materials in the crucible reached 0.4 g (the residue of 20
mass %). Subsequently, the ITO substrate was returned in
the chamber and the manufactured part of the organic EL
device was protected by a mask. Subsequently, the com-
pound HAT was deposited on the first surface of the glass
substrate where the transparent electrode line was provided
in a manner to cover the transparent electrode, thereby
forming a 10-nm thick HAT film of the compound HAT to
form the hole injecting layer.

[0415] Next, on the hole injecting layer, the compound
HT-1 was deposited to form a 110-nm thick HT-1 film,
thereby providing the first hole transporting layer.
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[0416] Next, on the first hole transporting layer, the com-
pound HT-2 was deposited to form a 35-nm thick HT-2 film,
thereby providing the second hole transporting layer.
[0417] Next, on the second hole transporting layer, the
mixture of the compound PGH-P1 and the compound PGH-
N1 were co-deposited with the compound PGD-1 to form a
40-nm-thick emitting layer. A concentration of the com-
pound PGD-1 in the emitting layer was set at 5 mass %.
[0418] Subsequent to the formation of the emitting layer,
the compound ET-1 and 8-quinolinolato lithium (Liq) were
co-deposited at the mass ratio 0f 50:50 to form a 30-nm thick
electron transporting layer.

[0419] Liq was deposited on the electron transporting
layer to form a 1-nm thick electron injecting layer.

[0420] A metal Al was deposited on the electron injecting
layer to form an 80-nm thick metal cathode.

[0421] The thus manufactured organic EL device was
defined as an organic EL device at an evaporation terminal
stage.

[0422] Lastly, the residue in the crucible was taken out of
the evaporator and was dissolved in tetrahydrofuran. Based
on a peak area value of each of components detected by
HPLC, the ratio (residual ratio) between the compound
PGH-P1 and the compound PGH-N1 was calculated.
[0423] Table 1 shows the ratio (initial ratio) between the
first compound and the second compound in the crucible in
the initial stage (before the evaporation) and the ratio
(residual ratio) between the first compound and the second
compound in the crucible after evaporation.

Comparative 1

[0424] An organic EL device of Comparative 1 was manu-
factured in the same manner as the organic EL. device of
Example 1 except for using a compound PGH-C1 in place
of the PGH-P1.

TABLE 1
Material Ratio
in Crucible
First Second Initial
Compound ~ Compound Ratio  Residual Ratio
Example 1 PGH-P1 PGH-N1 5:5 5:5
Comparative 1 PGH-C1 PGH-N1 5:5 2:8

[0425] 1In the organic EL device in the evaporation initial
stage in Example 1, the mass ratio (film ratio) between the
compound PGH-P1 and the compound PGH-NI in the
emitting layer was analyzed by HPLC to find the compound
PGH-P1:compound PGH-N1=5:5.

[0426] In the organic EL device in the evaporation initial
stage in Comparative 1, the mass ratio (film ratio) between
the compound PGH-C1 and the compound PGH-N1 in the
emitting layer was analyzed by HPLC to find the compound
PGH-C1:compound PGH-N1=8:2.

[0427] With respect to the organic EL device of Example
1 (at the initial stage), the mass ratio (film ratio) between the
first compound and the second compound in the emitting
layer was the same as the mass ratio (initial ratio) between
the first compound and the second compound in the crucible
at the initial stage (before the evaporation).

[0428] However, with respect to the organic EL device of
Comparative 1 (at the initial stage), the mass ratio (film
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ratio) between the first compound and the second compound
in the emitting layer was significantly different from the
mass ratio (initial ratio) between the first compound and the
second compound in the crucible at the initial stage (before
the evaporation). In Comparative 1, the first compound and
the second compound were mixed at the mass ratio of 5:5 in
the crucible. However, the mass ratio between the first
compound and the second compound in the film was at 8:2,
which showed that the mass ratio between the first com-
pound and the second compound in the emitting layer was
not the same ratio as the ratio of the used materials.

Evaluation of Organic EL Devices

[0429] The manufactured organic EL devices in the evapo-
ration initial stage and the evaporation terminal stage in
Example 1 and Comparative 1 were evaluated as follows.
The evaluation results are shown in Table 2.

Drive Voltage V

[0430] Voltage was applied between the ITO transparent
electrode and the metal Al cathode such that a current
density was 10 mA/cm?, where the voltage (unit: V) was
measured.

External Quantum Efficiency EQE

[0431] Voltage was applied on each of the organic EL
devices such that a current density was 10 mA/cm?, where
spectral radiance spectra were measured by a spectroradi-
ometer CS-1000 (manufactured by Konica Minolta, Inc.).
The external quantum efficiency EQE (unit: %) was calcu-
lated based on the obtained spectral-radiance spectra,
assuming that the spectra was provided under a Lam bertian
radiation.

Lifetime LT97

[0432] A continuous direct current test was conducted at
the initial current dencity of 10 mA/cm>. An elapsed time
until the luminance was decreased to 97% from the lumi-
nance at the start of the test was measured. The measured
time was defined as a lifetime LT97 (unit: time (hrs)).
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&)

R4

where: R! to R* each independently represent a halogen
atom, a substituted or unsubstituted alkyl group having 1 to
25 carbon atoms, a substituted or unsubstituted cycloalkyl
group having 3 to 25 ring carbon atoms, a substituted or
unsubstituted aryl group having 6 to 18 ring carbon atoms,
a substituted or unsubstituted heterocyclic group having 6 to
18 ring atoms, a silyl group substituted by at least one group
selected from the group consisting of an alkyl group having
1 to 25 carbon atoms and an aryl group having 6 to 18 ring
carbon atoms, or a cyano group;

ais0,1,2,3 or 4;

bis 0,1, 2 or 3;

cis0,1, 2 or3;

dis0,1,2,3 0r4;

a plurality of R' are mutually the same or different when
a is 2 or more;

a plurality of R? are mutually the same or different when
b is 2 or more;

a plurality of R? are mutually the same or different when
¢ 1S 2 or more;

a plurality of R* are mutually the same or different when
d is 2 or more;

A' and A? each independently represent a substituted or
unsubstituted aryl group having 6 to 24 ring carbon
atoms, or a substituted or unsubstituted heterocyclic
group having 6 to 24 ring atoms; and

TABLE 2
First Compound ~ Second Compound ~ Organic EL device Voltage (V) EQE (%) LT97 (hrs)
Example 1 PGH-P1 PGH-N1 Evaporation initial stage 4.66 20.2 100
Evaporation terminal stage 4.65 20.1 100
Comparative 1 PGH-C1 PGH-N1 Evaporation initial stage 5.35 17.5 100
Evaporation terminal stage 4.88 18.9 40

[0433] With respect to the organic EL devices in the
evaporation initial stage and the evaporation terminal stage
in Example 1 and Comparative 1, it was observed that the
organice FL devices of Example 1 exhibited less variable
performance than those of Comparative 1. It is found that
use of the composition containing the first compound rep-
resented by the formula (1) and the second compound
represented by the formula (2) allows evaporation at a stable
material ratio from a single evaporation source while main-
taining a performance of an organic electroluminescence
device.
What is claimed is:
1. A composition comprising: a mixture of at least two
compounds,
the at least two compounds comprising a first compound
represented by a formula (1) and a second compound
represented by a formula (2) below,

R'to R* A’ and A* comprise five cyclic structures in total
each represented by a formula (1a) below,

()

where: X', X* and X> each independently represent CR™ or
a nitrogen atom; in at least one cyclic structure of the five
cyclic structures each represented by the formula (la), at
least one of X', X* and X is a nitrogen atom; the cyclic
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structures each represented by the formula (1a) are bonded
to each other to form a fused ring, or are not bonded,;

RY, R™, R™ and R each independently represent a
single bond, a hydrogen atom, a halogen atom, a
substituted or unsubstituted alkyl group having 1 to 25
carbon atoms, a substituted or unsubstituted cycloalkyl
group having 3 to 25 ring carbon atoms, a silyl group
substituted by an alkyl group having 1 to 25 carbon
atoms, or a cyano group,

when a plurality of R are present, the plurality of R are
mutually the same or different; and

at least one of R, R®, R* and one or more R¥ is a
single bond,

A3

N

/ \ / N\ (R ®®),
|/

R~ - \,’/ \ ‘/~
|

A4

where: R® to R® each independently represent: a halogen
atom, a substituted or unsubstituted alkyl group having 1 to
25 carbon atoms, a substituted or unsubstituted cycloalkyl
group having 3 to 25 ring carbon atoms, a silyl group
substituted by an alkyl group having 1 to 25 carbon atoms,
Or a cyano group;

eis 0,1, 2,3 0ord;
fis 0,1, 2 or 3;
gis 0, 1,2 or 3;
his0,1,2,3 or 4;

a plurality of R* are mutually the same or different when
e is 2 or more;

a plurality of R® are mutually the same or different when
fis 2 or more;

a plurality of R” are mutually the same or different when
g is 2 or more;

a plurality of R® are mutually the same or different when
h is 2 or more; and

one of A® and A* is a substituent represented by a formula
(2a), and the other of A® and A* is represented by a
formula (2b),

_Ar—CN (29)

where: Ar represents a substituted or unsubstituted phenan-
thrylene group,

Sep. 27,2018

(2b)

where: X*, X®, X®, X7 and X*® each independently represent
CRY or a nitrogen atom;

R represents a hydrogen atom, a halogen atom, a sub-
stituted or unsubstituted alkyl group having 1 to 25
carbon atoms, a substituted or unsubstituted cycloalkyl
group having 3 to 25 ring carbon atoms, a silyl group
substituted by an alkyl group having 1 to 25 carbon
atoms, or a cyano group;

and a plurality of RY are mutually the same or different.

2. The composition according to claim 1, wherein

a, b, ¢ and d are 0,

3. The composition according to claim 1, wherein

the first compound is a compound represented by a
formula (3) below,

&)

where: R' to R*, R” and R'® each independently represent a
halogen atom, a substituted or unsubstituted alkyl group
having 1 to 25 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 25 ring carbon atoms, a silyl
group substituted by an alkyl group having 1 to 25 carbon
atoms, oOr a cyano group;
ais 0,1, 2,3 or 4;
bis 0,1, 2 or 3;
cis 0,1, 2 or3;
dis0,1,2,3 or4;
11s0,1,2,3,4 or 5;
jis0,1,2,3,40r5;
a plurality of R* are mutually the same or different when
a is 2 or more;
a plurality of R* are mutually the same or different when
b is 2 or more;
a plurality of R? are mutually the same or different when
¢ is 2 or more;
a plurality of R* are mutually the same or different when
d is 2 or more;
a plurality of R® are mutually the same or different when
i1s 2 or more;
a plurality of R'° are mutually the same or different when
] 1s 2 or more;
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B! and B? each independently represent a substituent
represented by a formula (4) below;

mis 0 or1;
nis 0or1; and

m+n=1,

&)

where: X' to X? each independently represent CR? or a
nitrogen atom;

RZ represents a hydrogen atom, a halogen atom, a sub-
stituted or unsubstituted alkyl group having 1 to 25
carbon atoms, a substituted or unsubstituted cycloalkyl
group having 3 to 25 ring carbon atoms, a silyl group
substituted by an alkyl group having 1 to 25 carbon
atoms, Or a cyano group;

a plurality of RZ are mutually the same or different;

R'* and R*? each independently represent a halogen atom,
a substituted or unsubstituted alkyl group having 1 to
25 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 25 ring carbon atoms, or
a cyano group;

kis0,1,2, 3, 40r5;
1is 0,1, 2,3, 4 or 5;

a plurality of R are mutually the same or different when
k is 2 or more; and

aplurality of R are mutually the same or different when
1 is 2 or more.

4. The composition according to claim 3, wherein

a, b,c,d,1andj are 0.

5. The composition according to claim 3, wherein
X!, X* and X? are nitrogen atoms in the formula (4).
6. The composition according to claim 3, wherein

mis 1 and nis 0.
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7. The composition according to claim 1, wherein
the second compound is a compound represented by a
formula (5) below,

®)

where: R” to R®and R'? to R each independently represent:
a halogen atom, a substituted or unsubstituted alkyl group
having 1 to 25 carbon atoms, a substituted or unsubstituted
cycloalkyl group having 3 to 25 ring carbon atoms, a silyl
group substituted by an alkyl group having 1 to 25 carbon
atoms, Or a cyano group;
eis0,1,2,3 or 4;
fis0,1,20r3;
gis 0, 1,2 0r3;
his0,1, 2,3 or4;
pis0,1,2, 3, 4or5;
qis 0, 1,2 o0r3;
ris 0,1 or 2;
sis 0, 1, 2 or 3;
a plurality of R® are mutually the same or different when
e is 2 or more;
a plurality of R® are mutually the same or different when
fis 2 or more;
a plurality of R” are mutually the same or different when
g is 2 or more;
a plurality of R® are mutually the same or different when
h is 2 or more;
a plurality of R*? are mutually the same or different when
p is 2 or more;
a plurality of R'* are mutually the same or different when
q is 2 or more;
a plurality of R*® are mutually the same or different when
r is 2 or more; and
a plurality of R*® are mutually the same or different when
s is 2 or more.
8. The composition according to claim 7, wherein
e f, g hp,q randsare0.
9. An organic-electroluminescence-device material com-
prising the composition according to claim 1.
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10. A composition film comprising the composition
according to claim 1.
11. An organic electroluminescence device, comprising:
an anode;
a cathode; and
at least one organic layer provided between the anode and
the cathode, wherein
the at least one organic layer comprises the composition
according to claim 1.
12. The organic electroluminescence device according to
claim 11, wherein
the at least one organic layer comprises a plurality of
organic layers, and
one of the plurality of organic layers comprises the
composition.
13. The organic electroluminescence device according to
claim 11, wherein
the at least one organic layer comprises an emitting layer,
the emitting layer comprises the composition.
14. The organic electroluminescence device according to
claim 13, wherein
the emitting layer further comprises a luminescent mate-
rial.
15. The organic electroluminescence device according to
claim 14, wherein
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the emitting layer comprises a phosphorescent material as
the luminescent material, and
the phosphorescent material is an ortho-metalated com-
plex of a metal atom selected from the group consisting
of iridium, osmium and platinum.
16. The organic electroluminescence device according to
claim 13, further comprising:
a hole transporting layer between the anode and the
emitting layer.
17. The organic electroluminescence device according to
claim 13, further comprising:
an electron transporting layer between the cathode and the
emitting layer.
18. An organic electroluminescence device, comprising:
an anode;
a cathode;
an emitting layer provided between the anode and the
cathode; and
an electron transporting zone provided between the emit-
ting layer and the cathode, wherein
the electron transporting zone comprises the composition
according to claim 1.
19. An electronic device comprising the organic electrolu-
minescence device according to claim 11.

* ok %k
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