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ORGANIC LIGHT-EMITTING ELEMENT,
AND LIGHT-EMITTING MATERIAL AND
FLUORESCENT BODY USED IN SAME

TECHNICAL FIELD

[0001] The present invention relates to an organic light-
emitting device using a compound that emits delayed fluo-
rescernce.

BACKGROUND ART

[0002] Studies for enhancing the light emission efficiency
of organic light-emitting devices such as organic electrolu-
minescent devices (organic EL devices) are being made
actively. In particular, various kinds of efforts have been
made for increasing light emission efficiency by newly
developing and combining an electron transfer material, a
hole transfer material, a light-emitting material and others to
constitute an organic electroluminescent device. Among
them, there is known a study relating to an organic elec-
troluminescent device that utilizes a thermal activation type
delayed fluorescent material.

[0003] A thermal activation type delayed fluorescent
material is a compound which, after having transited to an
excited triplet state, undergoes reverse intersystem crossing
from the excited triplet state to an excited singlet state
through absorption of thermal energy, and emits fluores-
cence when returning back from the excited singlet state to
a ground state thereof. Fluorescence through the route is
observed later than fluorescence from the excited singlet
state directly occurring not via reverse intersystem crossing
(ordinary fluorescence), and is therefore referred to as
delayed fluorescence. For example, in current excitation of
a compound, the occurring probability of the excited singlet
state to the excited triplet state 1s 25%/75%, and therefore
improvement of light emission efficiency by the fluores-
cence alone from the directly occurring excited singlet state
is limited. On the other hand, a thermal activation type
delayed fluorescent material can effectively utilize also the
energy in the excited triplet state occurring in a probability
of 75% for fluorescent emission, and can be therefore
expected to provide a higher light emission efficiency.
[0004] Typical thermal activation type delayed fluorescent
materials heretofore known in the art include those having a
structure of a donor site (D site) and an acceptor site (A site)
bonding to each other in a ground state (D-A type structure),
and as specific examples thereof, the following 4 types of
compounds are known (NPLs 1 to 4).
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[0005] On the other hand, regarding a thermal activation
type delayed fluorescent material not containing such a D-A
type structure in a ground state, only a few compounds
including the following 4 types of compounds are known
(NPLs 5 to 8). All these compounds have a low luminescent
quantum efficiency, and therefore could not be expected to
be applicable to practical use for light-emitting device
materials.

TN
O\
og?



US 2019/0348617 A1l

-continued

CITATION LIST

Non-Patent Literature

[0006] NPL 1: Nature. 2012, 492, 234

[0007] NPL 2: Chem. Commun. 2012, 48, 11392

[0008] NPL 3: Chem. Commun. 2013, 49, 10385

[0009] NPL 4: Nat. Photon. 2014, 8, 326

[0010] NPL 5: SACS 1996, 118, 9391

[0011] NPL 6: JACS 1971, 93, 5611

[0012] NPL 7: J. Phys. Chem. 1986, 90, 6314

[0013] NPL 8: Adv. Mater. 2009, 21, 4802
SUMMARY OF INVENTION

Technical Problem
[0014] As described above, thermal activation type

delayed fluorescent materials not containing a D-A type
structure in a ground state that have heretofore been known
in the art could not attain a sufficient quantum efficiency.
This 1s considered to be because, in these materials, HOMO
(highest occupied molecular orbital) and LUMO (lowest
unoccupied molecular orbital) overlap greatly, and therefore
owing to the exchange interaction therebetween, the energy
level in the excited triplet state where the spin alignment is
the same both in HOMO and LUMO is low and the
difference AEg, between the lowest excited singlet energy
and the lowest excited triplet energy is large, therefore
making it difficult to undergo reverse intersystem crossing.
Above all, it is considered that, in general, the compounds
not containing a D-A type structure in a ground state and
having a high planarity could not be excellent thermal
activation type delayed fluorescent materials.

[0015] Given the situation, the present inventors have
made assiduous studies for the purpose of realizing a ther-
mal activation type delayed fluorescent material which,
though not containing a D-A type structure in a ground state,
can attain a high quantum yield and can be therefore
expected to be applicable to practical use as a light-emitting
device material, and of providing an organic light-emitting
device having a high light emission efficiency that uses the
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material. Moreover, the present inventors have made further
studies for the purpose of developing a thermal activation
type delayed fluorescent material having a high planarity to
realize such a thermal activation type delayed fluorescent
material having high thermochemical stability, high quan-
tum yield and good molecular alignability, thereby provid-
ing an organic light-emitting device capable of attaining
higher light emission efficiency.

Solution to Problem

[0016] As a result of assiduous studies made for the
purpose of attaining the above-mentioned objects, the pres-
ent inventors have found that, among a group of compounds
that undergo intramolecular hydron transfer, some com-
pounds can express a property as a delayed fluorescent
material through hydron transfer to markedly separate
HOMO and LUMO from each other therein. With that, the
present inventors have clarified that the compounds capable
of undergoing such intramolecular hydron transfer and
capable of emitting delayed fluorescence can attain a suffi-
ciently high quantum efliciency enough for practical use
even though not having a D-A type structure in a ground
state thereof and that, using such a compound, an organic
light-emitting device having a high light emission efficiency
can be provided. Based on these findings, the present
inventors have proposed the present invention, which spe-
cifically has the constitution as mentioned below.

[1] An organic light-emitting device using a compound
capable of emitting delayed fluorescence and capable of
undergoing intramolecular hydron transfer.

[2] The organic light-emitting device according to [1],
wherein the compound has 3 or more hydron-transferable
sites in the molecule.

[3] The organic light-emitting device according to [1] or [2],
wherein the hydron-transferable site is composed of an oxo
group and a secondary amino group.

[4] The organic light-emitting device according to [1] or [2],
wherein the hydron-transferable site is composed of a car-
bonyl group and a secondary amino group.

[5] The organic light-emitting device according to any one
of [1] to [4], wherein the compound contains a condensed
ring structure having 20 or more ring skeleton-constituting
atoms.

[6] The organic light-emitting device according to any one
of [1] to [4], wherein the compound contains a condensed
ring structure having 30 or more ring skeleton-constituting
atoms.

[7] The organic light-emitting device according to any one
of [1] to [6], wherein the condensed ring structure is a planar
structure.

[8] The organic light-emitting device according to any one
of [1] to [7], wherein the condensed ring structure contains
3 or more 6-membered rings having a conjugated double
bond.

[9] The organic light-emitting device according to [8],
wherein the 6-membered rings having a conjugated double
bond together form a condensed structure.

[10] The organic light-emitting device according to any one
of [4] to [9], wherein the condensed ring structure contains
a carbon atom of a carbonyl group and a nitrogen atom of a
secondary amino group as the ring skeleton-constituting
atoms.

[11] The organic light-emitting device according to any one
of [1] to [10], wherein the difference AEg, between the
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lowest excited singlet energy level S, and the lowest excited
triplet energy level T, of the compound capable of emitting
delayed fluorescence and capable of undergoing intramo-
lecular hydron transfer is 0.3 eV or less.

[12] The organic light-emitting device according to any one
of [1] to [11], wherein the rate constant kg~ of reverse
intersystem crossing of the compound capable of emitting
delayed fluorescence and capable of undergoing intramo-
lecular hydron transfer is 1x10% s™! or more.

[13] The organic light-emitting device according to any one
of [1] to [12], wherein the compound capable of emitting
delayed fluorescence and capable of undergoing intramo-
lecular hydron transfer is a compound represented by the
following general formula (1).

General Formula (1)

[0017] In the general formula (1), X' to X? each indepen-
dently represent O or S. R' to R® each independently
represent “H or a substituent. n, nl to n3 each independently
reg)resent an integer of 1 to 3. R! and R%, R? and R*, R® and
R® each may bond to each other to form a cyclic structure.
[14] The organic light-emitting device according to [13],
wherein R and R? R? and R*, R? and R® in the general
formula (1) each bond to each other to form a cyclic
structure.

[15] The organic light-emitting device according to any one
of [1] to [12], wherein the compound capable of emitting
delayed fluorescence and capable of undergoing intramo-
lecular hydron transfer is a compound represented by the
following general formula (2).

General Formula (2)

Rl9 X3 N RIS
V13H/ \/
RIS/\ Rl6
Rl7
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[0018] In the general formula (2), X' to X? each indepen-
dently represent O or S. R'' to R*? each independently
represent “H or a substituent. n, nl to n3 each independently
represent an integer of 1 to 3. R'* and R*?, R*? and R*?, R*?
and R R and R'%, R*®and R'”, R and R'®, R*® and R%,
R* and R*!, R*! and R** each may bond to each other to
form a cyclic structure.

[16] The organic light-emitting device according to [15],
wherein R'!, R*, R'®, R*® R'? and R*? each are "H.

[17] The organic light-emitting device according to any one
of [1] to [16], which has a light-emitting layer containing the
compound capable of emitting delayed fluorescence and
capable of undergoing intramolecular hydron transfer on a
substrate.

[18] The organic light-emitting device according to [17],
wherein the light-emitting layer contains a light-emitting
material that contains the compound capable of emitting
delayed fluorescence and capable of undergoing intramo-
lecular hydron transfer.

[19] The organic light-emitting device according to any one
of [1] to [18], wherein the device is an organic electrolu-
minescent device.

[20] The organic light-emitting device according to any one
of [1] to [18], wherein the device is an organic light-emitting
transistor.

[21] A light-emitting material containing the compound
represented by the general formula (1).

[22] A delayed fluorescent material containing the com-
pound represented by the general formula (1).

Advantageous Effects of Invention

[0019] In the present invention, a compound capable of
emitting delayed fluorescence and capable of undergoing
intramolecular hydron transfer is used as a material of an
organic light emitting device. The compound capable of
emitting delayed fluorescence and capable of undergoing
intramolecular hydron transfer exhibits a sufficiently high
quantum yield enough for practical use even though not
having a D-A type structure in a ground state thereof, and
can be effectively used as a delayed fluorescent material for
use in a light-emitting device. Consequently, the present
invention can realize an organic light-emitting device having
a high light emission efficiency and can realize a delayed
fluorescent material having a broad latitude in molecular
planning of a delayed fluorescent material, having high
planarity and having good stability or alignability.

BRIEF DESCRIPTION OF DRAWINGS

[0020] FIG. 1 This is a schematic cross-sectional view
showing a layer configuration example of an organic elec-
troluminescent device.

[0021] FIG. 2 This shows absorption spectra and light
emission spectra of a dimethylformamide solution (DMF
solution), a tetrahydrofuran solution (THF solution) and a
toluene solution (Toluene solution) and a single crystal of a
compound 1, and an absorption spectrum and a light emis-
sion spectrum obtained through calculation in density func-
tional theory (DFT) of the compound 1.

[0022] FIG. 3 This shows absorption spectra and light
emission spectra of a single film, a doped film and a toluene
solution of the compound 1.
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[0023] FIG. 4 This shows a transient decay curve in light
emission of a toluene solution of the compound 1, measured
with nitrogen bubbling.

[0024] FIG. 5 This shows a transient decay curve in light
emission of a tetrahydrofuran solution of the compound 1,
measured with nitrogen bubbling.

[0025] FIG. 6 This shows a transient decay curve in light
emission of a single crystal of the compound 1.

[0026] FIG. 7 This shows a transient decay curve in light
emission of a doped film with the compound 1, measured at
a temperature of 6 K to 300 K.

[0027] FIG. 8 This shows light emission spectra of instan-
taneous light emission of a doped film with the compound 1
observed at 6 K, instantaneous light emission thereof at 300
K and delayed light emission thereof at 300 K.

[0028] FIG. 9 This is a graph of light emission intensity of
a doped film with the compound 1 in irradiation with a laser
light at a different intensity, as plotted relative to the laser
light intensity.

[0029] FIG. 10 This is a graph of a photoluminescence
quantum efficiency of instantaneous fluorescence, delayed
fluorescence and phosphorescence of a doped film with the
compound 1 observed under different temperature condi-
tions, as plotted relative to the temperature.

[0030] FIG. 11 This is a graph (Arrhenius plot) of a
logarithm of the rate constant k¢~ of reverse intersystem
crossing, as plotted relative to the reciprocal of the absolute
temperature.

[0031] FIG. 12 This is a transient decay curve in light
emission of a single film of the compound 1, measured at a
temperature of 6 K to 300 K.

[0032] FIG. 13 This shows light emission spectra of
instantaneous light emission of a single film of the com-
pound 1 observed at 6 K, instantaneous light emission
thereof at 300 K and delayed light emission thereof at 300
K.

[0033] FIG. 14 This is a cyclic voltammogram of a thin
film of the compound 1, as measured using an Ag/Ag*
electrode and shown as based on ferrocene/ferrocenium
(Fe/Fe™).

[0034] FIG. 15 This is a graph showing UV irradiation
energy dependency of (photoelectric emission yield)*> of a
thin film of the compound 1, measured using a photoelectron
spectrometer.

[0035] FIG. 16 This shows light emission spectra of an
organic electroluminescent device produced in Example 2.
[0036] FIG. 17 This is a graph showing a current density-
voltage characteristic of an organic electroluminescent
device produced in Example 2.

[0037] FIG. 18 This is a graph showing an external
quantum efficiency (EQE)-current density characteristic of
an orgaric electroluminescent device produced in Example
2.

[0038] FIG. 19 This shows light emission spectra of an
organic electroluminescent device produced in Example 3.
[0039] FIG. 20 This is a graph showing a current density-
voltage characteristic of an organic electroluminescent
device produced in Example 3.

[0040] FIG. 21 This is a graph showing an external
quantum efficiency (EQE)-current density characteristic of
an organic electroluminescent device produced in Example
3.

[0041] FIG. 22 This shows light emission spectra of an
organic electroluminescent device produced in Example 4.
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[0042] FIG. 23 This is a graph showing a current density-
voltage characteristic of an organic electroluminescent
device produced in Example 4.

[0043] FIG. 24 This is a graph showing an external
quantum efficiency (EQE)-current density characteristic of

an organic electroluminescent device produced in Example
4.

DESCRIPTION OF EMBODIMENTS

[0044] The contents of the invention will be described in
detail below. The constitutional elements may be described
below with reference to representative embodiments and
specific examples of the invention, but the invention is not
limited to the embodiments and the examples. In the descrip-
tion, a numerical value range expressed using “A to B”
denotes a range including numerical values before and after
“to” as a minimum value and a maximum value, respec-
tively.

[0045] In the present invention, a compound capable of
emitting delayed fluorescence and capable of undergoing
intramolecular hydron transfer is used as a material for the
organic light-emitting device. In the following, the com-
pound for use in the organic light-emitting device of the
present invention is described.

[Compound Capable of Emitting Delayed Fluorescence and
Capable of Undergoing Intramolecular Hydron Transfer]

[0046] The compound for use in the organic light-emitting
device of the present invention is a compound capable of
emitting delayed fluorescence and capable of undergoing
intramolecular hydron transfer.

[0047] “Delayed fluorescence” in the present invention
means fluorescence which a compound having been in an
excited state after given energy emits after the compound
has undergone reverse intersystem crossing from an excited
triplet state to an excited singlet state and when it returns
back from the excited singlet state to a ground state. In
general, fluorescence emitted via reverse intersystem cross-
ing is observed later than fluorescence (instantaneous fluo-
rescence) from the excited singlet state that has occurred not
via reverse intersystem crossing, In the present invention, a
compound that emits fluorescence having an emission life-
time of 50 ns or more is referred to as a compound that
“emits delayed fluorescence”.

[0048] “Intramolecular hydron transfer” in the present
invention means that an "H bonding to one atom that
constitutes a compound bonds to any other atom positioning
around it after the bond to that one atom has cut or along
with change in the bonding mode to that atom, or means that,
in the case where an "H bonds both to one atom constituting
the compound and to any other atom, the bonding between
that "H and that one atom is cut, or the bonding mode
between that "H and that one atom changes to thereby
change the bonding mode between that “H and the other
atom. The bonding mode between one atom and an "H, or
between any other atom and an "H includes a covalent bond
and a hydrogen bond. In one example of intramolecular
hydron transfer, an “H bonding to one atom via a covalent
bond bonds to any other atom via a covalent bond, after the
covalent bond of that "H to that one atom is cut. An “H
bonding to one atom via a covalent bond before intramo-
lecular hydron transfer may bond to any other atom via a
hydrogen bond, and the "H having bonded to the other atom
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via a covalent bond through intramolecular hydron transfer
may bond to that one atom having covalent-bonded before
the intramolecular hydron transfer, via a hydrogen bond. The
atom (one atom) to which an "H bonds before intramolecular
hydron transfer, and the atom to which an "H transfers (the
other atom) are not specifically limited, but for example,
they may be an atom having a high electronegativity, con-
cretely including a nitrogen atom, an oxygen atom, a sulfur
atom, and a fluorine atom. The inducing factor for intramo-
lecular hydron transfer includes, though not specifically
limited thereto, light irradiation and injected carrier recom-
bination, and a phenomenon of a compound in an excited
state to cause intramolecular hydron transfer is known as
excited-state intramolecular proton-transfer (ESIPT).
[0049] “"H” in the present invention is a concept to
include isotopes of hydrogen atom. n is 1, 2 or 3, and n is
preferably 1 or 2. When n is 1, "H represents a light
hydrogen atom (H) in which the atomic nucleus is composed
of one proton; when n is 2, "H represents a deuterium atom
(D) in which the atomic nucleus is composed of one proton
and one neutron; and when n is 3, "H represents a tritium
atom (T) in which the atomic nucleus is composed of one
proton and 2 neutrons.

[0050] “Hydron” in the present invention is a concept
including isotopes of hydrogen cation ("H*). nis 1, 2 or 3,
and n is preferably 1 or 2. When n is 1, hydron represents a
proton (H*) composed of one proton; when n is 2, hydron
represents a deuteron (D*) composed of one proton and one
neutron; and when n is 3, hydron represents triton (T%)
composed of one proton and 2 neutrons.

[0051] A compound that can undergo intramolecular
hydron transfer can be identified by (1) the Stokes shift in
the absorption-emission spectrum thereof is more than 100
nm, (2) the conformation thereof can form an intramolecular
hydrogen bond, or (3) the hydron transfer process thereof is
extremely rapid as compared with the radiative process, and
the hydron transfer occurs in the compound within an order
of picosecond.

[0052] A compound capable of emitting delayed fluores-
cence and capable of undergoing intramolecular hydron
transfer as mentioned above exhibits a sufliciently high
quantum yield enough for practical use even though not
having a D-A type structure or a twisted structure in the
ground state thereof, and can be effectively used as a delayed
fluorescent material applicable to light-emitting devices.
Consequently, according to the present invention, an organic
light-emitting device having a high emission efliciency can
be realized, and a delayed fluorescent material having a
broad latitude in molecular planning of a delayed fluorescent
material, having high planarity and having good stability or
alignability can be realized. Using a delayed fluorescent
material having such good alignability, the emission effi-
ciency of an organic light-emitting device can be increased.
The reason why a compound capable of emitting delayed
fluorescence and capable of undergoing intramolecular
hydron transfer can have a high quantum yield is presumed
to be because of the following mechanism.

[0053] Specifically, for obtaining a high quantum yield by
making a compound emit delayed fluorescence, the differ-
ence AE g between the lowest excited singlet energy level Si
and the lowest excited triplet energy level T, of the com-
pound must be small so as to facilitate reverse intersystem
crossing from the excited triplet state to the excited singlet
state in the compound. Therefore, already-existing delayed
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fluorescent materials are so designed that the molecule
thereof in a ground state is made to have a D-A type structure
or a twisted structure to thereby spatially separate HOMO
(highest occupied molecular orbital) and LUMO (lowest
unoccupied molecular orbital) from each other and to reduce
the exchange interaction therebetween so as to thereby
reduce AE;.

[0054] As opposed to the above, a compound capable of
emitting delayed fluorescence and capable of undergoing
intramolecular hydron transfer can be in an excited state as
given energy through light irradiation or injected carrier
recombination to induce hydron transfer, even though
HOMO and LUMO are distributed unbiasedly in a state
before intramolecular hydron transfer, and therefore the
electron condition around the hydron transferred site
changes locally. As a result, it is considered that HOMO and
LUMO may markedly separate from each other to reduce
AE ;. Consequently, the compound of the type can effi-
ciently emit delayed fluorescence even though not having a
D-A type structure or a twisted structure in a ground state,
and can attain a high quantum yield.

[0055] The number of the hydron-transferable sites exist-
ing in the molecule of the compound may be 1 or more, and
is, for example, preferably 3 or more. Here, the “hydron-
transferable site” means a combination of an atomic group
containing an “H and an atom or an atomic group to which
that "H transfers, and for example, a combination of a
secondary amino group (—N'HR), a hydroxyl group
(—QO"H) or a thiol group (—S"H), and a group containing an
oxo group (—O) or a thioxo group (—S). Specific examples
thereof include a combination of a secondary amino group
(—N"HR) and a carbonyl group [—C(—0O)—], a combina-
tion of a hydroxy group (—O"H) and a carbonyl group
[—C(=0)}—], a combination of a hydroxy group (—O"H)
and a thiocarbonyl group [—C(=S)—], a combination of a
hydroxy group (—O"H) and an aldehyde group (—C"HO),
a combination of a hydroxy group (—O"H) and a hetero ring
nitrogen atom (pyridine-type nitrogen), and a combination
of a secondary amino group (—N"HR) and a hetero ring
nitrogen atom (pyridine-type nitrogen). Above all, prefer-
ably, the “hydron-transferable site” is composed of a com-
bination of a secondary amino group and a carbonyl group.
In the combination of a secondary amino group and a
carbonyl group, “H leaves from the nitrogen atom of the
secondary amino group (—N"HR) and bonds to the oxygen
atom of the carbonyl group [—C(—0O)—], and the nitrogen
atom from which "H has left forms an imino structure
(—N=—R), and the oxygen atom having bonded to "H forms
a hydroxy group (—O"H) along with the "H, thereby attain-
ing hydron transfer. Here, R in the above-mentioned
—N"HR and —N=R represents a substituent, which may
bond to the atomic group to which —N"HR or —N—R
bonds to thereby form a cyclic structure. Of the hydron-
transferable sites, all or a part may actually undergo hydron
transfer in an excited state. In the case where the number of
hydron-transferable sites existing in the molecule is 2 or
more, the plural hydron-transferable sites may be the same
or different.

[0056] Preferably, the compound capable of emitting
delayed fluorescence and capable of undergoing intramo-
lecular hydron transfer for use in the present invention
contains a condensed ring structure, more preferably con-
tains a condensed ring structure having 20 or more ring
skeleton-constituting atoms, and even more preferably con-
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tains a condensed ring structure having 30 or more ring
skeleton-constituting atoms. Also preferably, the condensed
ring structure that the compound contains is a planar struc-
ture, and preferably contains a carbon atom of a carbonyl
group and a nitrogen atom of a secondary amino group as the
ring skeleton-constituting atoms. Here, the “planar struc-
ture” means that all the carbon atoms constituting the
condensed ring structure have an sp2 hybrid orbital. Among
them, those where the entire molecule also has a planar
structure are preferred. A structure that the entire molecule
has a planar structure means that all the atoms except "H that
constitute the molecule can configure in one plane. When the
compound has a planar structure, the molecular alignability
increases to further increase the emission efficiency of the
organic light-emitting device using the compound. In addi-
tion, also preferably, the condensed ring structure that the
compound contains can contain 3 or more 6-membered rings
having a conjugated double bond, in which, preferably, the
6-membered rings do not together form a condensed struc-
ture. In the case where the condense ring structure contains
a benzene ring as a 6-membered ring having a conjugated
double bond, preferably, two carbon atoms of one benzene
ring bond to the two carbon atoms of the other benzene ring
each via a divalent linking group, in which, preferably,
hydron transfer occurs between the linking groups. Further,
the condensed ring structure that the compound contains
preferably has a rotationally symmetrical structure, more
preferably a threefold symmetrical structure.

[0057] The compound capable of emitting delayed fluo-
rescence and capable of undergoing intramolecular hydron
transfer for use in the present invention is preferably such
that the difference AE, between the lowest excited singlet
energy level S, and the lowest excited triplet energy level T,
thereof is 0.3 eV or less, more preferably 0.25 eV or less,
even more preferably 0.2 eV or less, still more preferably
0.15 eV or less, and especially preferably 0.1 eV or less. The
compound capable of emitting delayed fluorescence and
capable of undergoing intramolecular hydron transfer is also
preferably such that the rate constant kg~ of reverse
intersystem crossing thereof from the lowest excited triplet
state to the lowest excited single state is 1x10? s™* or more,
more preferably 1x10° s~'or more, even more preferably
3x10% s7* or more, still more preferably 1x10* s or more,
and especially preferably 1x10° s=! or more. The compound
of the type can efficiently emit delayed fluorescence and can
attain a high quantum yield. Here, AEg, and kg, of the
compound can be calculated through measurement of the
emission lifetime of instantaneous fluorescence and delayed
fluorescence thereof. Regarding the concrete measurement
methods and measurement conditions, the section of
Examples to be given hereinunder is referred to.

[0058] The compound capable of emitting delayed fluo-
rescence and capable of undergoing intramolecular hydron
transfer for use in the present invention has relatively high
thermochemical stability. The glass transition temperature
(Tg) of the compound is preferably 80° C. or higher, more
preferably 130° C. or higher, even more preferably 180° C.
or higher. When a compound having high thermochemical
stability is used, degradation of devices (lifetime reduction)
to be caused by compound degradation can be prevented. In
addition, production of devices be attained at a high tem-
perature, and therefore the latitude in device planning can be
broadened and the industrial applicability of the invention
can be thereby increased.
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[0059] The compound for use in the present invention is
preferably a compound represented by the following general
formula (1).

General Formula (1)

[0060] In the general formula (1), X! to X* each indepen-
dently represent O or S. R' to R® each independently
represent “H or a substituent. n, nl to n3 each independently
represent an integer of 1 to 3, preferably 1 or 2. R and R?,
R? and R?, R® and R® each may bond to each other to form
a cyclic structure. In the case where two or more of R* to R®
each are a substituent, plural substituents may be the same
or different.

[0061] Preferably, the compound represented by the gen-
eral formula (1) includes a compound represented by the
following general formula (2).

General Formula (2)

[0062] In the general formula (2), X' to X? each indepen-
dently represent O or S. R' to R*? each independently
represent “H or a substituent. The number of the substituents
is not specifically limited, and all of R to R** may be
unsubstituted (that is, "H). Of R'! to R*?, preferably, R™,
R R, R'® R and R*? each are "H. In the case where
two or more of R'' to R** are substituents, plural substitu-
ents may be the same or different. n, nl to n3 each inde-
pendently represent an integer of 1 to 3, preferably 1 or 2.
R" and R'?, R and R'®, R*® and R**, R"* and R'%, R'® and
RY7,R'7and R'%, R* and R?°, R?° and R?!, R*! and R** each
may bond to each other to form a cyclic structure.
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[0063] 1In the general formula (1) and the general formula
(2), examples of the substituents that R'' to R** can take
include a hydroxy group, a halogen atom, a cyano group, an
alkyl group having 1 to 20 carbon atoms, an alkoxy group
having 1 to 20 carbon atoms, an alkylthio group having 1 to
20 carbon atoms, an alkyl-substituted amino group having 1
to 20 carbon atoms, an acyl group having 2 to 20 carbon
atoms, an aryl group having 6 to 40 carbon atoms, a
heteroaryl group having 3 to 40 carbon atoms, an alkenyl
group having 2 to 10 carbon atoms, an alkynyl group having
2 to 10 carbon atoms, an alkoxycarbonyl group having 2 to
10 carbon atoms, an alkylsulfonyl group having 1 to 10
carbon atoms, a haloalkyl group having 1 to 10 carbon
atoms, an amide group, an alkylamide group having 2 to 10
carbon atoms, a trialkylsilyl group having 3 to 20 carbon
atoms, a trialkylsilylalkyl group having 4 to 20 carbon
atoms, a trialkylsilylalkenyl group having 5 to 20 carbon
atoms, a trialkylsilylalkynyl group having 5 to 20 carbon
atoms and a nitro group. Of these specific examples, those
that may be further substituted with a substituent may be
substituted. More preferred substituents are a halogen atom,
a cyano group, a substituted or unsubstituted alkyl group
having 1 to 20 carbon atoms, an alkoxy group having 1 to
20 carbon atoms, a substituted or unsubstituted aryl group
having 6 to 40 carbon atoms, a substituted or unsubstituted
heteroaryl group having 3 to 40 carbon atoms, and a
dialkyl-substituted amino group having 1 to 20 carbon
atoms. Even more preferred substituents are a fluorine atom,
a chlorine atom, a cyano group, a substituted or unsubsti-
tuted alkyl group having 1 to 10 carbon atoms, a substituted
or unsubstituted alkoxy group having 1 to 10 carbon atoms,
a substituted or unsubstituted aryl group having 6 to 15
carbon atoms, and a substituted or unsubstituted heteroaryl
group having 3 to 12 carbon atoms.

[0064] R'and R?% R*andR* R®and R® R'!and R'? R'?
andR'3, R and R, R and R'%, R'"® and R'7, R'" and R 2,
R'® and R*°, R*® and R*', R*' and R** each may bond to
each other to form a cyclic structure. The cyclic structure
may be an aromatic ring or an aliphatic ring, or may also be
a ring containing a hetero atom. Further, the cyclic structure
may be a condensed ring of 2 or more rings. Here, the hetero
atom is preferably selected from the group consisting of a
nitrogen atom, an oxygen atom and a sulfur atom. Examples
of the cyclic structure to be formed include a benzene ring,
a naphthalene ring, a pyridine ring, a pyridazine ring, a
pyrimidine ring, a pyrazine ring, a pyrrole ring, an imidazole
ring, a pyrazole ring, a triazole ring, an imidazole ring, an
oxazole ring, an isoxazole ring, a thiazole ring, an isothiaz-
ole ring, a cyclohexadiene ring, a cyclohexene ring, a
cyclopentaene ring, a cycloheptatriene ring, a cycloheptadi-
enc ring, and a cycloheptaene ring.

[0065] The cyclic structure to be formed by R' and R?, R?
and R*, R® and RS each bonding to each other is preferably
an aromatic ring, more preferably an aromatic ring whose
ring skeleton-constituting atoms are carbon atoms alone, and
even more preferably contains a benzene ring, and is espe-
cially preferably a benzene ring. Preferably, R' and R?, R?
and R*, R® and R® each bond to each other to form a cyclic
structure.
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[0066] In the compounds represented by the general for-
mula (1) and the general formula (2), the secondary amino
group (—N"H—) and the carbonyl group [—C(—0)—] or
the thiocarbonyl group [—C(=S)—] constitute a hydron-
transferable site, and after given exciting energy, "H leaves
from the nitrogen atom of the secondary amino group
(—N"H—) and bonds to the oxygen atom of the carbonyl
group [—C(=0)—] or to the sulfur atom of the thiocarbo-
nyl group [—C(@S)—], and the nitrogen atom from which
"H has left forms an imino structure (—N—), and the
oxygen atom or the sulfur atom having bonded to "H forms
a hydroxy group (—O"H) or a thiol group (—S"H) along
with that "H. At this time, in the compounds represented by
the general formula (1) and the general formula (2), hydron
transfer can occur at all the above-mentioned hydron-trans-
ferable sites. Accordingly, for example, a compound repre-
sented by the general formula (2) where R'! to R*? are all
"H, that is, represented by the following formula (A), which
is referred to herein as one example, may take a structure
represented by the following formula (A-1) in which one
hydron-transferable “H has transferred after given exciting
energy, a structure represented by the following formula
(A-2) in which two "H’s have transferred, and a structure
represented by the following formula (A-3) in which three
"H’s have transferred. The compound in the present inven-
tion may be a light-emitting species in any state, but
preferably, the compound emits in a state where one hydron-
transferable site has undergone hydron transfer, and for
example, among the formulae (A-1) to (A-3), the compound
preferably emits as a light-emitting species in a state repre-
sented by the formula (A-1).

[0067] Inthe general formulae to be described hereinunder
after this paragraph, the hydrogen atom for which the
expression of "H is omitted may be a light hydrogen atom
(‘H), or may be a deuterium atom (*H, D), or may be a
tritium atom (PH, T). Preferred is a case of a light hydrogen
atom (‘H) or a deuterium atom (*H, D); and a typical
example is a case where all are light hydrogen atoms (‘H).
In the structural formulae of concrete compounds to be
described hereinunder after this paragraph, the hydrogen
atom for which the expression of “H is omitted represents a
light hydrogen atom (*H). Compounds where a part or all of
the hydrogen atoms of these concrete compounds are
changed to deuterium atom (*H, D) or tritium atoms ("H, T)
can be readily exemplified.

Formula (A)
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-continued

Formula (A-1)

Formula (A-2)

Formula (A-3)
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[0068] In the following, specific examples of the com- ‘
pound represented by the general formula (1) are shown.
However, the compounds represented by the formula (1) and
usable in the present invention should not be limitatively S N
interpreted by these specific examples. In the following
specific examples, an expression “H” represents 'H (light
hydrogen atom), and an expression “D” represents “H (deu-
terium hydrogen atom).
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@ indicates text missing or illegible when filed

[0069] The molecular weight of the compound capable of
emitting delayed fluorescence and capable of undergoing
intramolecular hydron transfer and usable in the present
invention, that is, the compound represented by the general
formula (1) is, for example, in the case where an organic
layer containing the compound is intended to be formed
according to a vapor deposition method and used in devices,
preferably 1500 or less, more preferably 1200 or less, even
more preferably 1000 or less, and further more preferably
800 or less. The lower limit of the molecular weight is
generally 247 or more, and is preferably 290 or more.

18
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[0070] Trrespective of the molecular weight thereof, the
compound may be formed into a film according to a coating
method. When a coating method is employed, even a com-
pound having a relatively large molecular weight can be
formed into a film.

[0071] The compound capable of emitting delayed fluo-
rescence and capable of undergoing intramolecular hydron
transfer may be a polymer produced through polymerization
of a polymerizable monomer capable of emitting delayed
fluorescence and capable of undergoing intramolecular
hydron transfer.

[0072] For example, it is considered that a polymerizable
group is previously introduced into a structure represented
by the general formula (1) or the general formula (2) and the
polymerizable group is polymerized to give a polymer, and
the polymer is used as a light-emitting material. Specifically,
a monomer containing a polymerizable functional group in
any of R! to R® in the general formula (1) or R* to R** in
the general formula (2) is prepared, and this is homo-
polymerized or copolymerized with any other monomer to
give a polymer having a recurring unit, and the polymer can
be used as a material for organic light-emitting devices.
Alternatively, compounds each having a structure repre-
sented by the general formula (1) or the general formula (2)
are coupled to give a dimer or a trimer, and it can be used
as a material for organic light-emitting devices.

[0073] Examples of the polymer having a recurring unit
containing a structure represented by the general formula (1)
include polymers containing a structure represented by the
following general formula (11) or (12).

General Formula (11)

]
L]a RlOl
—C—C+y—
R]02 R103
General Formula (12)
Q
I
L2a
—tC=Cy—

R

[0074] 1In the general formula (11) or (12), Q represents a
group containing a structure represented by the general
formula (1), and ' and L* each represent a linking group.
The carbon number of the linking group is preferably 0 to
20, more preferably 1 to 15, even more preferably 2 to 10.
Preferably, the linking group has a structure represented by
—X'.L'". Here, X! represents an oxygen atom or a sulfur
atom and is preferably an oxygen atom. L'" represents a
linking group, and is preferably a substituted or unsubsti-
tuted alkylene group, or a substituted or unsubstituted
arylene group, more preferably a substituted or unsubsti-
tuted alkylene group having 1 to 10 carbon atoms, or a
substituted or unsubstituted phenylene group.

[0075] Inthe general formula (11)or (12), R'%!, R*92, R!??
and each independently represent a substituent. Preferably,
the substituent is a substituted or unsubstituted alkyl group
having 1 to 6 carbon atoms, a substituted or unsubstituted
alkoxy group having 1 to 6 carbon atoms, or a halogen atom,
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more preferably an unsubstituted alkyl group having 1 to 3
carbon atoms, an unsubstituted alkoxy group having 1 to 3
carbon atoms, a fluorine atom, or a chlorine atom, and even
more preferably an unsubstituted alkyl group having 1 to 3
carbon atoms, or an unsubstituted alkoxy group having 1 to
3 carbon atoms.

[0076] The linking group represented by L' and L* may
bond to any of R' to R in the structure of the general
formula (1) constituting Q. Two or more linking groups may
bond to one Q to form a crosslinked structure or a network
structure.

[0077] Specific structural examples of the recurring unit
include structures represented by the following formulae
(13) to (16).

Formula (13)
Oj\y
Formula (14)
(0]
lk
n
Formula (15)
o]
F é 1,1
Formula (16)
o]
;( \E )~
n

[0078] The polymer having a recurring unit containing any
of these formulae (13) to (16) may be synthesized by
previously introducing a hydroxy group into any of R* to R®
in the structure of the general formula (1), then reacting it as
a linker with any of the following compounds to introduce
a polymerizable group thereinto, and polymerizing the
polymerizable group.

HO\/\/

HO\/\
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[0079] The polymer containing a structure represented by
the general formula (1) in the molecule may be a polymer
formed of the recurring unit having the structure represented
by the general formula (1) or a polymer containing a
recurring unit having any other structure. One kind alone or
two or more kinds of recurring units having a structure
represented by the general formula (1) may be contained in
the polymer. The recurring unit not having a structure
represented by the general formula (1) includes those
derived from a monomer usable in ordinary copolymeriza-
tion. Examples thereof include recurring units derived from
monomers having an ethylenic unsaturated bond such as
ethylene or styrene.

[Compound Represented by General Formula (1)]

[0080] A method for synthesizing the compound repre-
sented by the general formula (1) is not specifically limited.
For synthesis of the compound represented by the general
formula (1), for example, the synthesis method and the
condition described in Dyes Pigments 1990, 12, 301 may be
referred to. In addition, the compound represented by the
general formula (1) may also be synthesized by combining
any other known synthesis reactions.

[Organic Light-Emitting Device]

[0081] The organic light-emitting device of the present
invention uses a compound capable of emitting delayed
fluorescence and capable of undergoing intramolecular
hydron transfer. The compound capable of emitting delayed
fluorescence and capable of undergoing intramolecular
hydron transfer exhibits a sufficiently high quantum yield
enough for practical use and can be effectively used as a
light-emitting material in the organic light-emitting device.
In addition, the compound capable of emitting delayed
fluorescence and capable of undergoing intramolecular
hydron transfer can also be used as a host or an assist dopant
for the organic light emitting device. For example, the
organic light-emitting device using a compound capable of
emitting delayed fluorescence and capable of undergoing
intramolecular hydron transfer as a light-emitting material is
characterized by having a high emission efficiency since the
compound therein functions as a delayed fluorescent mate-
rial. The principle will be described below with reference to
an organic electroluminescent device taken as an example.
[0082] In an organic electroluminescent device, carriers
arc injected from an anode and a cathode to a light-emitting
material to form an excited state for the light-emitting
material, with which light is emitted. In the case of a carrier
injection type organic electroluminescent device, in general,
excitons that are excited to the excited singlet state are 25%
of the total excitons generated, and the remaining 75%
thereof are excited to the excited triplet state. Accordingly,
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the use of phosphorescence, which is light emission from the
excited triplet state, provides a high energy utilization.
However, the excited triplet state has a long lifetime and thus
causes saturation of the excited state and deactivation of
energy through mutual action with the excitons in the
excited triplet state, and therefore the quantum yield of
phosphorescence may generally be often not high. A delayed
fluorescent material emits fluorescent light through the
mechanism that the energy of excitons transits to the excited
triplet state through intersystem crossing or the like, and
then transits to the excited singlet state through reverse
intersystem crossing due to triplet-triplet annihilation or
absorption of thermal energy, thereby emitting fluorescent
light. It is considered that among the materials, a thermal
activation type delayed fluorescent material emitting light
through absorption of thermal energy is particularly useful
for an organic electroluminescent device. In the case where
a delayed fluorescent material is used in an organic elec-
troluminescent device, the excitons in the excited singlet
state normally emit fluorescent light. On the other hand, the
excitons in the excited triplet state emit fluorescent light
through intersystem crossing to the excited singlet state by
absorbing outdoor air or the heat generated by the device. At
this time, the light emitted through reverse intersystem
crossing from the excited triplet state to the excited singlet
state has the same wavelength as fluorescent light since it is
light emission from the excited singlet state, but has a longer
lifetime (light emission lifetime) than the normal fluorescent
light, and thus the light is observed as fluorescent light that
is delayed from the normal fluorescent light. The light may
be defined as delayed fluorescent light. The use of the
thermal activation type exciton transition mechanism may
raise the proportion of the compound in the excited singlet
state, which is generally formed in a proportion only 0f 25%,
to 25% or more through the absorption of the thermal energy
after the carrier injection. A compound that emits strong
fluorescent light and delayed fluorescent light at a low
temperature of lower than 100° C. undergoes the intersystem
crossing from the excited triplet state to the excited singlet
state sufficiently with the heat of the device, thereby emitting
delayed fluorescent light, and thus the use of the compound
may drastically enhance the light emission efficiency.

[0083] Using a compound capable of emitting delayed
fluorescence and capable of undergoing intramolecular
hydron transfer as a light-emitting material in a light-
emitting layer, excellent organic light-emitting devices such
as organic photoluminescent device (organic PL device) and
an organic electroluminescent device (organic EL device)
can be provided. An organic photoluminescent device has a
structure where at least a light-emitting layer is formed on a
substrate. An organic electroluminescent device has a struc-
ture including at least an anode, a cathode and an organic
layer formed between the anode and the cathode. The
organic layer contains at least a light-emitting layer, and may
be formed of a light-emitting layer alone, or may has one or
more other organic layers in addition to a light-emitting
layer. The other organic layers include a hole transport layer,
a hole injection layer, an electron blocking layer, a hole
blocking layer, an electron injection layer, an electron trans-
port layer, and an exciton blocking layer. The hole transport
layer may be a hole injection transport layer having a hole
injection function, and the electron transport layer may be an
electron injection transport layer having an electron injec-
tion function. A configuration example of an organic elec-
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troluminescent device is shown in FIG. 1. In FIG. 1, 1 is a
substrate, 2 is an anode, 3 is a hole injection layer, 4 is a hole
transport layer, 5 is a light-emitting layer, 6 is an electron
transport layer, and 7 is a cathode.

[0084] In the following, the constituent members and the
layers of the organic electroluminescent device are
described. The description of the substrate and the light-
emitting layer given below may apply to the substrate and
the light-emitting layer of an organic photoluminescent
device.

(Substrate)

[0085] The organic electroluminescent device of the
invention is preferably supported by a substrate. The sub-
strate is not particularly limited and may be those that have
been commonly used in an organic electroluminescent
device, and examples thereof used include those formed of
glass, transparent plastics, quartz and silicon.

(Anode)

[0086] The anode of the organic electroluminescent device
used is preferably formed of as an electrode material a metal,
an alloy or an electroconductive compound each having a
large work function (4 eV or more), or a mixture thereof.
Specific examples of the electrode material include a metal,
such as Au, and an electroconductive transparent material,
such as Cul, indium tin oxide (ITO), SnO, and ZnO. A
material that is amorphous and is capable of forming a
transparent electroconductive film, such as IDIXO (In,0,—
7Zn0), may also be used. The anode may be formed in such
a manner that the electrode material is formed into a thin
film by such a method as vapor deposition or sputtering, and
the film is patterned into a desired pattern by a photolithog-
raphy method, or in the case where the pattern may not
require high accuracy (for example, approximately 100 pm
or more), the pattern may be formed with a mask having a
desired shape on vapor deposition or sputtering of the
electrode material. In alternative, in the case where a mate-
rial capable of being applied as a coating, such as an organic
electroconductive compound, is used, a wet film forming
method, such as a printing method and a coating method,
may be used. In the case where emitted light is to be taken
out through the anode, the anode preferably has a transmit-
tance of more than 10%, and the anode preferably has a sheet
resistance of several hundred Ohm per square or less. The
thickness thereof may be generally selected from a range of
from 10 to 1,000 nm, and preferably from 10 to 200 nm,
while depending on the material used.

(Cathode)

[0087] The cathode is preferably formed of as an electrode
material a metal having a small work function (4 eV or less)
(referred to as an electron injection metal), an alloy or an
electroconductive compound each having a small work
function (4 eV or less), or a mixture thereof. Specific
examples of the electrode material include sodium, a
sodium-potassium alloy, magnesium, lithium, a magnesium-
cupper mixture, a magnesium-silver mixture, a magnesium-
aluminum mixture, a magnesium-indium mixture, an alu-
minum-aluminum oxide (Al,O;) mixture, indium, a lithium-
aluminum mixture, and a rare earth metal. Among these, a
mixture of an electron injection metal and a second metal
that is a stable metal having a larger work function than the
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electron injection metal, for example, a magnesium-silver
mixture, a magnesium-aluminum mixture, a magnesium-
indium mixture, an aluminum-aluminum oxide (Al,O;)
mixture, a lithium-aluminum mixture, and aluminum, are
preferred from the standpoint of the electron injection prop-
erty and the durability against oxidation and the like. The
cathode may be produced by forming the electrode material
into a thin film by such a method as vapor deposition or
sputtering. The cathode preferably has a sheet resistance of
several hundred Ohm per square or less, and the thickness
thereof may be generally selected from a range of from 10
nm to 5 and preferably from 50 to 200 nm. For transmitting
the emitted light, any one of the anode and the cathode of the
organic electroluminescent device is preferably transparent
or translucent, thereby enhancing the light emission lumi-
nance.

[0088] The cathode may be formed with the electrocon-
ductive transparent materials described for the anode,
thereby forming a transparent or translucent cathode, and by
applying the cathode, a device having an anode and a
cathode, both of which have transmittance, may be pro-
duced.

(Light-Emitting Layer)

[0089] The light-emitting layer is a layer in which holes
and electrons injected from an anode and a cathode are
recombined to give excitons for light emission. A light-
emitting material may be used singly in the light-emitting
layer, but preferably, the layer contains a light-emitting layer
and a host material. As the light-emitting material, one or
more selected from a group of compounds capable of
emitting delayed fluorescence and capable of undergoing
intramolecular hydron transfer can be used. In order that the
organic electroluminescent device and the organic photolu-
minescent device of the present invention can express a high
light emission efficiency, it is important to confine the singlet
exciton and the triplet exciton formed in the light-emitting
material to the light-emitting material. Accordingly, prefer-
ably, a host material is used in addition to the light-emitting
material in the light-emitting layer. As the host material, an
organic compound, of which at least any one of the excited
singlet energy and the excited triplet energy is higher than
that of the light-emitting material, may be used. As a result,
the singlet exciton and the triplet exciton formed in the
light-emitting material can be confined to the molecule of
the light-emitting material to sufficiently derive the light
emission efficiency thereof. Needless-to-say, there may be a
case where a high light emission efficiency could be attained
even though the singlet exciton and the triplet exciton could
not be sufficiently confined, and therefore, any host material
capable of realizing a high light emission efficiency can be
used in the present invention with no specific limitation. In
the organic light-emitting device or the organic electrolu-
minescent device of the present invention, light emission
occurs from the light-emitting material (compound capable
of emitting delayed fluorescence and capable of undergoing
intramolecular hydron transfer) contained in the light-emit-
ting layer. The light emission contains both of fluorescent
emission and delayed fluorescent emission. In addition, a
part of light emission may be partially from a host material.
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[0090] In the case where a host material is used, the
content of the compound serving as a light-emitting mate-
rial, that is, the compound capable of emitting delayed
fluorescence and capable of undergoing intramolecular
hydron transfer in the light-emitting layer is preferably 0.1%
by weight or more, more preferably 1% by weight or more,
and is preferably 50% by weight or less, more preferably
20% by weigh or less, even more preferably 10% by weight
or less.

[0091] The host material in the light-emitting layer is
preferably an organic compound having hole transport com-
petence and electron transport competence, capable of pre-
venting prolongation of emission wavelength and having a
high glass transition temperature.

(Injection Layer)

[0092] The injection layer is a layer that is provided
between the electrode and the organic layer, for decreasing
the driving voltage and enhancing the light emission lumi-
nance, and includes a hole injection layer and an electron
injection layer, which may be provided between the anode
and the light-emitting layer or the hole transport layer and
between the cathode and the light emitting layer or the
electron transport layer. The injection layer may be provided
depending on necessity.

(Blocking Layer)

[0093] The blocking layer is a layer that is capable of
inhibiting charges (electrons or holes) and/or excitons pres-
ent in the light-emitting layer from being diffused outside the
light-emitting layer. The electron blocking layer may be
disposed between the light-emitting layer and the hole
transport layer, and inhibits electrons from passing through
the light-emitting layer toward the hole transport layer.
Similarly, the hole blocking layer may be disposed between
the light-emitting layer and the electron transport layer, and
inhibits holes from passing through the light-emitting layer
toward the electron transport layer. The blocking layer may
also be used for inhibiting excitons from being diffused
outside the light-emitting layer. Thus, the electron blocking
layer and the hole blocking layer each may also have a
function as an exciton blocking layer. The term “the electron
blocking layer” or “the exciton blocking layer” referred to
herein is intended to include a layer that has both the
functions of an electron blocking layer and an exciton
blocking layer by one layer.

(Hole Blocking Layer)

[0094] The hole blocking layer has the function of an
electron transport layer in a broad sense. The hole blocking
layer has a function of inhibiting holes from reaching the
electron transport layer while transporting electrons, and
thereby enhances the recombination probability of electrons
and holes in the light-emitting layer. As the material for the
hole blocking layer, the material for the electron transport
layer to be mentioned below may be used optionally.
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(Electron Blocking Layer)

[0095] The electron blocking layer has the function of
transporting holes in a broad sense. The electron blocking
layer has a function of inhibiting electrons from reaching the
hole transport layer while transporting holes, and thereby
enhances the recombination probability of electrons and
holes in the light-emitting layer.

(Exciton Blocking Layer)

[0096] The exciton blocking layer is a layer for inhibiting
excitons generated through recombination of holes and
electrons in the light-emitting layer from being diffused to
the charge transporting layer, and the use of the layer
inserted enables effective confinement of excitons in the
light-emitting layer, and thereby enhances the light emission
efficiency of the device. The exciton blocking layer may be
inserted adjacent to the light-emitting layer on any of the
side of the anode and the side of the cathode, and on both the
sides. Specifically, in the case where the exciton blocking
layer is present on the side of the anode, the layer may be
inserted between the hole transport layer and the light-
emitting layer and adjacent to the light-emitting layer, and in
the case where the layer is inserted on the side of the
cathode, the layer may be inserted between the light-emit-
ting layer and the cathode and adjacent to the light-emitting
layer. Between the anode and the exciton blocking layer that
is adjacent to the light-emitting layer on the side of the
anode, a hole injection layer, an electron blocking layer and
the like may be provided, and between the cathode and the
exciton blocking layer that is adjacent to the light-emitting
layer on the side of the cathode, an electron injection layer,
an electron transport layer, a hole blocking layer and the like
may be provided. In the case where the blocking layer is
provided, preferably, at least one of the excited singlet
energy and the excited triplet energy of the material used as
the blocking layer is higher than the excited singlet energy
and the excited triplet energy of the light-emitting layer,
respectively, of the light-emitting material.

(Hole Transport Layer)

[0097] The hole transport layer is formed of a hole trans-
port material having a function of transporting holes, and the
hole transport layer may be provided as a single layer or
plural layers.

[0098] The hole transport material has one of injection or
transporting property of holes and blocking property of
electrons, and may be any of an organic matetial and an
inorganic material. Examples of known hole transport mate-
rials that may be used herein include a triazole derivative, an
oxadiazole derivative, an imidazole derivative, a carbazole
derivative, an indolocarbazole derivative, a polyarylalkane
derivative, a pyrazoline derivative, a pyrazolone derivative,
a phenylenediamine derivative, an arylamine derivative, an
amino-substituted chalcone derivative, an oxazole deriva-
tive, a styrylanthracene derivative, a fluorenone derivative,
a hydrazone derivative, a stilbene derivative, a silazane
derivative, an aniline copolymer and an electroconductive
polymer oligomer, particularly a thiophene oligomer.

Nov. 14,2019

Among these, a porphyrin compound, an aromatic tertiary
amine compound and a styrylamine compound are prefer-
ably used, and an aromatic tertiary amine compound is more
preferably used.

(Electron Transport Layer)

[0099] The electron transport layer is formed of a material
having a function of transporting electrons, and the electron
transport layer may be a single layer or may be formed of
plural layers.

[0100] The electron transport material (often also acting as
a hole blocking material) may have a function of transmit-
ting the electrons injected from a cathode to a light-emitting
layer. The electron transport layer usable here includes, for
example, nitro-substituted fluorene derivatives, diphe-
nylquinone derivatives, thiopyran dioxide derivatives, car-
bodiimides, fluorenylidenemethane derivatives, anthraqui-
nodimethane and anthrone derivatives, oxadiazole
derivatives, etc. Further, thiadiazole derivatives derived
from the above-mentioned oxadiazole derivatives by sub-
stituting the oxygen atom in the oxadiazole ring with a sulfur
atom, and quinoxaline derivatives having a quinoxaline ring
known as an electron-attractive group are also usable as the
electron transport material. Further, polymer materials pre-
pared by introducing these materials into the polymer chain,
or having these material in the polymer main chain are also
usable.

[0101] In producing the organic electroluminescent
device, the compound capable of emitting delayed fluores-
cence and capable of undergoing intramolecular hydron
transfer may be used not only in the light-emitting layer but
also in any other layer than the light-emitting layer. In so
doing, the compound capable of emitting delayed fluores-
cence and capable of undergoing intramolecular hydron
transfer used in the light-emitting layer and the compound
capable of emitting delayed fluorescence and capable of
undergoing intramolecular hydron transfer used in the other
layer than the light-emitting layer may be the same as or
different from each other. For example, the compound
capable of emitting delayed fluorescence and capable of
undergoing intramolecular hydron transfer may be used in
the above-mentioned injection layer, the blocking layer, the
hole blocking layer, the electron blocking layer, the exciton
blocking layer, the hole transport layer, and the electron
transport layer. The method for forming these layers is not
specifically limited, and the layers may be formed according
to any of a dry process or a wet process.

[0102] Preferred materials for use for the organic elec-
troluminescent device are concretely exemplified below.
However, the materials for use in the present invention are
not limitatively interpreted by the following exemplary
compounds. Compounds, even though exemplified as mate-
rials having a specific function, can also be used as other
materials having any other function. In the structural for-
mulae of the following exemplary compounds, n represents
an integer of 3 to 10.

[0103] First, preferred compounds for use as a host mate-
rial in a light-emitting layer are mentioned below.
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[0104] Next, preferred compounds for use as a hole injec-
tion material are mentioned below.
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-continued

[0105] Next, preferred compounds for use as a hole trans-
port material are mentioned below.
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[0106] Next, preferred compounds for use as an electron _continued
blocking material are mentioned below.

QoQo AL
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[0107] Next, preferred compounds for use as a hole block-
ing material are mentioned below.
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[0108] Next, preferred compounds for use as an electron
transport material are mentioned below.
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R =H, alkyl, aryl,
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[0109] Next, preferred compounds for use as an electron
injection material are mentioned below.

[0110] LiF, CsF

[0111] Further, preferred compounds for use as additional
materials are mentioned below. For example, these are
considered to be added as a stabilization material.
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-continued

[0112] The organic electroluminescent device thus pro-
duced by the aforementioned method emits light on appli-
cation of an electric field between the anode and the cathode
of the device. In this case, when the light emission is caused
by the excited singlet energy, light having a wavelength that
corresponds to the energy level thereof may be confirmed as
fluorescent light and delayed fluorescent light. When the
light emission is caused by the excited triplet energy, light
having a wavelength that corresponds to the energy level
thereof may be confirmed as phosphorescent light. The
normal fluorescent light has a shorter light emission lifetime
than the delayed fluorescent light, and thus the light emis-
sion lifetime may be distinguished between the fluorescent
light and the delayed fluorescent light.

[0113] On the other hand, the phosphorescent light may
substantially not be observed with a normal organic com-
pound such as the compound of the present invention at
room temperature since the excited triplet energy is con-
verted to heat or the like due to the instability thereof, and
is immediately deactivated with a short lifetime. The excited
triplet energy of the normal organic compound may be
measured by observing light emission under an extremely
low temperature condition.

[0114] The organic electroluminescent device of the
invention may be applied to any of a single device, a
structure with plural devices disposed in an array, and a
structure having anodes and cathodes disposed in an X-Y
matrix. According to the present invention using a com-
pound capable of emitting delayed fluorescence and capable
of undergoing intramolecular hydron transfer in a light-
emitting layer, an organic light-emitting device having a
markedly improved light emission efliciency can be
obtained. The organic light-emitting device such as the
organic electroluminescent device of the present invention
may be applied to a further wide range of purposes. For
example, an organic electroluminescent display apparatus
may be produced with the organic electroluminescent device
of the invention, and for the details thereof, reference may
be made to S. Tokito, C. Adachi and H. Murata, “Yuki EL
Display” (Organic EL Display) (Ohmsha, Ltd.). In particu-
lar, the organic electroluminescent device of the invention
may be applied to organic electroluminescent illumination
and backlight which are highly demanded.



US 2019/0348617 A1l

[0115] In addition, the organic light-emitting device of the
present invention may also be an organic light-emitting
transistor. An organic light-emitting transistor is, for
example, so configured that a gate electrode is layered on an
active layer serving also as a light-emitting layer, via a gate
insulation layer, and a source electrode and a drain electrode
are connected to the active layer. Using the compound
capable of emitting delayed fluorescence and capable of
undergoing intramolecular hydron transfer as the active
layer of such an organic light-emitting transistor, an organic
light-emitting transistor excellent both in carrier mobility
and emission performance can be realized.

EXAMPLES

[0116] The features of the present invention will be
described more specifically with reference to Examples
given below. The materials, processes, procedures and the
like shown below may be appropriately modified unless they
deviate from the substance of the invention. Accordingly, the
scope of the invention is not construed as being limited to
the specific examples shown below. The light emission
characteristics were evaluated using a source meter (2400
Series, produced by Keithley Instruments Inc.), an external
quantum efficiency measuring system (Model C9920-12,
produced by Hamamatsu Photonics K.K.), an optical spec-
trometer (Model PMA-12, produced by Hamamatsu Pho-
tonics K.K.), a fluorescent spectrophotometer (Model Fluo-
romax-4, produced by HORIBA, Ltd.), an absolute PL
quantum yield measuring system (Model Quantaurus-QY,
produced by Hamamatsu Photonics K.K.), a small-size
fluorescent lifetime measuring system (Model Quantaurus-
Tau, produced by Hamamatsu Photonics K.K.), and a streak
camera (Model C4334, produced by Hamamatsu Photonics
KXK.).

[0117] In the following, “instantaneous fluorescence”
means fluorescence having an emission lifetime of less than
50 ns, and “delayed fluorescence™ means fluorescence hav-
ing an emission lifetime of 50 ns or more.

[0118] The following compound 1 used in each Example
was synthesized using a synthesis method described in Dyes
Pigments 1990, 12, 301. This compound has a melting point
higher than 500° C. and has a sublimation temperature at 1
Pa of higher than 290° C. In heating the compound from
room temperature, the weight loss thereof reached 5% at
466° C., that is, the compound is fairly thermally stable. The
compound did not show any distinct glass transition tem-
perature (Tg) at 300° C. or lower. H in the structural formula
of the following compound 1 is a light hydrogen atom (*H).

Compound 1
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[Production and Evaluation of Organic Photoluminescent
Device Using Compound 1]

Example 1

[0119] The compound 1 was dissolved in dimethylforma-
mide, tetrahydrofuran or toluene to prepare solutions thereof
(concentration 10~> mol/L).

[0120] According to a sublimation method, a single crystal
of the compound 1 was formed to be an organic photolu-
minescent device. In X-ray structural analysis, all the atoms
of the resultant crystal were in one and the same plane, RMS
(root-mean-square) of the other atoms than 'H was 0.036
angstroms, and the compound had high planarity.

[0121] According to a vacuum evaporation method, a thin
film of the compound 1 (hereinafter referred to as “single
film”) was formed on a quartz substrate under the condition
of a vacuum degree of 107 Pa or less, in a thickness of 50
to 100 nm to be an organic photoluminescent device.

[0122] Apart from this and according to a vacuum evapo-
ration method, the compound 1 and DPEPO were vapor-
deposited from different evaporation sources on a quartz
substrate under the condition of a vacuum degree of 10~ Pa
or less to form a thin film thereon having a concentration of
the compound 1 of 6 to 15% by mass (hereinafter referred
to as “doped film”) in a thickness of 50 to 100 nm, thereby
to be an organic photoluminescent device.

[0123] In the following, the solutions, the single crystal,
the single film and the doped film with the compound 1
produced herein are collectively referred to as “measure-
ment samples”.

[0124] Results of measurement of absorption spectra (for
the single crystal, an excitation spectrum thereof at 530 nm)
and emission spectra with a 330-nm excitation light of the
dimethylformamide solution (DMF solution), the tetrahy-
drofuran solution (THF solution), the toluene solution (Tolu-
ene solution) and the single crystal of the compound 1, as
well as an absorption spectrum of the compound 1 obtained
through calculation in density functional theory (DFT), and
an emission spectrum of a hydron-transferred form of the
compound 1 represented by the formula (A-1) also obtained
through calculation in density functional theory (DFT) are
shown in FIG. 2; and the photoluminescence quantum yield
of each sample measured in air as well as the photolumi-
nescence quantum yield of each solution measured with
nitrogen bubbling are shown in Table 1.

[0125] Results of measurement of absorption spectra and
emission spectra with a 330-nm excitation light of the single
film, the doped film and the toluene solution of the com-
pound 1 are shown in FIG. 3; and the photoluminescence
quantum yield of each sample measured in air and in an
argon atmosphere are shown in Table 2.

TABLE 1

Photoluminescence Quantum Yield

Measurement Sample in air  with nitrogen bubbling
DMF Solution of Compound 1 14.1% 15.4%

THF Solution of Compound 1 23.7% 31.7%
Toluene Solution of Compound 1 37.2% 58.5%

Single Crystal of Compound 1 61.5% —
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TABLE 2

Photoluminescence Quantum Yield

Measurement Sample in air with nitrogen bubbling

Single Film of Compound 1 21.2% 21.3%

Doped Film with Compound 1 44.1% 57.0%

[0126] As in FIGS. 2 and 3, all the measurement samples
had an absorption maximum wavelength in a range of 250
to 350 nm, and an emission maximum wavelength in a range
of 500 to 600 nm, that is, the Stokes shift thereof was more
than 100 nm. In addition, the absorption-emission spectrum
of each measurement sample well coincided with the
absorption-emission spectrum thereof obtained in DFT cal-
culation. These confirm that the compound 1 is a compound
that undergoes intramolecular hydron transfer. In addition,
as in Tables 1 and 2, the measurement samples containing
the compound 1 all had a high quantum yield.

[0127] On the other hand, a toluene solution of a mixture
of the following three compounds each having a structure
shown below, which differ from the compound 1 in that ‘H
of the amino group of the compound 1 is substituted with a
methyl group, was measured similarly. As a result, the
emission maximum wavelength of the emission spectrum of
the toluene solution showed a large Stokes shift at around
550 nm and a small Stokes shift at 400 nm or less. These
confirm that, in the compound 1, 'H of the amino group
undergoes hydron transfer, and owing to the hydron transfer,
the compound 1 emits light.

/

@
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-continued

[0128] FIG. 4 shows a transient decay curve in light
emission of the toluene solution (Toluene solution) of the
compound 1, measured with nitrogen bubbling; FIG. 5
shows a transient decay curve in light emission of the
tetrahydrofuran solution (THF solution) of the compound 1,
measured with nitrogen bubbling; FIG. 6 shows a transient
decay curve in light emission of the single crystal of the
compound 1. here, the transient decay curve in light emis-
sion was measured using a 340-nm excitation light. “IRF” in
FIGS. 4 and 5 shows an instrumental response function.
[0129] FIGS. 4 to 6 confirm delayed fluorescence whose
emission intensity gradually decays with the lapse of time.
Here, the light emission lifetime of the toluene solution was
6.9 ns in instantaneous fluorescence and 74 ps in delayed
fluorescence; the light emission lifetime of the tetrahydro-
furan solution was 4.6 ns in instantaneous fluorescence and
90 ps in delayed fluorescence; and the light emission life-
time of the single crystal was 8.2 ns in instantaneous
fluorescence and 1.2 ps in delayed fluorescence.

[0130] For comparison, using a comparative compound 1
having the following structure, various solutions and a
single crystal were produced in the same manner as above,
and the absorption emission spectra and the transient decay
curve in light emission thereof were measured. However,
these did not show delayed fluorescence, and the light
emission thereof was weak. H in the structural formula of
the following comparative compound 1 is a light hydrogen
atom (‘H).

Comparative Compound 1

[0131] FIG. 7 shows a transient decay curve in light
emission of a doped film with the compound 1, measured
using a 337-nm excitation light (nitrogen gas laser) at a
temperature of 6 K to 300 K; FIG. 8 shows light emission
spectra of instantaneous light emission at 6 K, instantaneous
light emission at 300 K and delayed light emission thereof
at 300 K; and FIG. 9 is a graph of light emission intensity
in irradiation with a laser light at a different intensity, as
plotted relative to the laser light intensity.
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[0132] FIG. 7 is referred to, in which the light emission
lifetime is longer with the increase in the temperature,
indicating a temperature dependency peculiar to a thermal
activation type delayed fluorescent material. The inclination
of the plotting in FIG. 9 is 1, which confirms that the
compound 1 is not a delayed fluorescent material with
triplet-triplet annihilation but a thermal activation type
delayed fluorescent material.

[0133] FIG. 10 is a graph of a photoluminescence quan-
tum efficiency of total emission (instantaneous fluores-
cence+delayed fluorescence), instantaneous fluorescence
and delayed fluorescence of a doped film with the compound
1 measured at different temperature conditions, as plotted
relative to the temperature. At 6 K, instantaneous fluores-
cence alone was observed but delayed fluorescence was not
observed. FIG. 11 is a graph (Arrhenius plot) of a logarithm
of the rate constant kg, of reverse intersystem crossing, as
plotted relative to the reciprocal of the absolute temperature.
[0134] The rate constant ko~ of reverse intersystem
crossing of the compound 1 at room temperature is 3x10°
s~*, and AE; of the compound 1 derived from the Arrhenius
plot in FIG. 11 was 200 meV.

[0135] FIG. 12 shows a transient decay curve in light
emission of the single film of the compound 1, measured
using a 337-nm excitation light at a temperature of 6 K to
300 K; and FIG. 13 shows light emission spectra of instan-
taneous light emission thereof observed at 6 K, instanta-
neous light emission thereof at 300 K and delayed light
emission thereof at 300 K.

[0136] FIG. 12 confirms a temperature dependency of the
single film of the compound 1 peculiar to a thermal activa-
tion type delayed fluorescent material. For determining the
HOMO level and the LUMO level of the compound 1, a thin
film of the compound 1 was provided on an indium tin oxide
(ITO) electrode. Using an Ag/Ag* electrode, the thin film
was measured and the cyclic voltammogram thereof based
on ferrocene/ferrocenium (Fe/Fc*) is shown in FIG. 14. FIG.
15 is a graph showing an UV irradiation energy dependency
of (photoelectric emission yield)*> of the thin film of the
compound 1, measured using a photoelectron spectrometer
(AC-3, produced by Riken Keiki Co., Ltd.). As in FIGS. 14
and 15, IHOMOI of the compound 1 was about 6.0 eV, and
ILUMOI thereof was about 3.0 eV, and the values of the
HOMO level and the LUMO level obtained from each
drawing were almost coincident with each other.

[Production and Evaluation of Organic Electroluminescent
Device Using Compound 1]

[0137] Layer configurations of the organic electrolumines-
cent devices produced in the following Examples 2 to 5 are
shown in Table 2. In the column of layer configuration in
Table 2, “/” indicates a boundary between the adjacent
layers, indicating that, via the boundary “/, the layer on the
light-hand side is layered on the layer on the left-hand side.

TABLE 3
Example No.  Layer Configuration
Example 2 ITO (100 nm)TAPC (30 nm)/TCTA (20 nm)/CzSi (10
nm)/10 wt % compound 1, PPT (30 nm)/PPT (40 nm)/
LiF (0.8 nm)/Al (100 nm)
Example 3 ITO (100 nmyNPD (30 nm)/TCTA (20 nm)/CzSi (10

nm)/10 wt % compound 1, PPT (30 nm)/PPT (40 nm)/
LiF (0.8 nm)/Al (100 nm)
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TABLE 3-continued

Example No.  Layer Configuration

Example 4 ITO (100 nmyNPD (35 nm)/mCP (10 nm)/10 wt %
compound 1, PPT (30 nm)PPT {40 nm)/LiF (0.8 nm)/
Al (100 nm)

Example 5 ITO (100 nm)/Tris-PCz (40 nm)/7 wt % compound 1,
mCBP (30 nm)/T2T (10 nm)/Alg3 (40 nm)/LiF (0.8 nm)/
Al (100 nm)

Example 2
[0138] On a glass substrate with an anode of indium tin

oxide (ITO) having a thickness of 100 nm formed thereon,
thin films were layered according to a vacuum vapor depo-
sition method under a vacuum degree of 10~* Pa. First, on
ITO, TAPC was formed in a thickness of 30 nm. Subse-
quently, TCTA was formed thereon in a thickness of 20 nm,
and further on this, CzSi was formed in a thickness of 10 nm.
Next, the compound 1 and PPT were co-deposited from
different evaporation sources to form a layer having a
thickness of 30 nm as a light-emitting layer. At this time, the
concentration of the compound 1 was 10% by weight. Next,
PPT was formed in a thickness of 40 nm. Further, lithium
fluoride (LiF) was vapor-deposited in a thickness of 0.8 nm,
and then aluminum (Al) was vapor-deposited thereon in a
thickness of 100 nm to form a cathode, thereby producing an
organic electroluminescent device.

[0139] FIG. 16 shows light emission spectra of the pro-
duced organic electroluminescent device measured at a
voltage of 6 V, 9 V and 12 V; FIG. 17 shows a current
density-voltage characteristic thereof; and FIG. 18 shows an
external quantum efficiency (EQE)-current density charac-
teristic thereof. The organic electroluminescent device using
the compound 1 as a light-emitting material attained a high
external quantum efficiency of 13.7%.

Example 3

[0140] An organic electroluminescent device was pro-
duced in the same manner as in Example 2, except that NPD
was formed in a thickness of 30 nm on ITO in place of
forming TAPC in a thickness of 30 nm thereon.

[0141] FIG. 19 shows light emission spectra of the pro-
duced organic electroluminescent device measured at a
voltage of 6 V, 9 V and 12 V; FIG. 20 shows a current
density-voltage characteristic thereof; and FIG. 21 shows an
external quantum efficiency (EQE)-current density charac-
teristic thereof. The organic electroluminescent device using
the compound 1 as a light-emitting material attained a high
external quantum efliciency of 9.4%.

Example 4

[0142] On a glass substrate with an anode of indium tin
oxide (ITO) having a thickness of 100 nm formed thereon,
thin films were layered according to a vacuum vapor depo-
sition method under the same condition as in Example 1.
First, on ITO, NPD was formed in a thickness of 35 nm, and
mCP was formed thereon in a thickness of 10 nm. Next, the
compound 1 and PPT were co-deposited from different
evaporation sources to form a layer having a thickness of 30
nm as a light-emitting layer. At this time, the concentration
of the compound 1 was 10% by weight. Next, PPT was
formed in a thickness of 40 nm. Further, lithium fluoride



US 2019/0348617 A1l Nov. 14,2019
47

(LiF) was vapor-deposited in a thickness of 0.8 nm, and then —continued
aluminum (Al) was vapor-deposited thereon in a thickness

of 100 nm to form a cathode, thereby producing an organic
electroluminescent device. O
[0143] FIG. 22 shows light emission spectra of the pro-
duced organic electroluminescent device measured at a
voltage of 6 V, 9 V and 12 V; FIG. 23 shows a current
density-voltage characteristic thereof; and FIG. 24 shows an Q
external quantum efficiency (EQE)-current density charac-

teristic thereof. The organic electroluminescent device using
the compound 1 as a light-emitting material attained a high

external quantum efficiency of 5.7%. Q \ /N
O
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-continued
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INDUSTRIAL APPLICABILITY

[0144] The compound for use in the organic light-emitting
device of the present invention emits delayed fluorescence
even though not having a D-A type structure in a ground
state thereof, and exhibits a sufficiently high quantum yield
enough for practical use as a device material. Accordingly,
the present invention can realize an organic light-emitting
device having a high light emission efficiency and can
realize a delayed fluorescent material having a broad latitude
in molecular planning of a delayed fluorescent material,
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having high planarity and having good stability or align-
ability. Consequently, the industrial applicability of the
present invention is great.

REFERENCE SIGNS LIST

[0145] 1 Substrate

[0146] 2 Anode

[0147] 3 Hole Injection Layer
[0148] 4 Hole Transport Layer
[0149] 5 Light-Emitting Layer
[0150] 6 Electron Transport Layer
[0151] 7 Cathode

1. An organic light-emitting device using a compound
capable of emitting delayed fluorescence and capable of
undergoing intramolecular hydron transfer.

2. The organic light-emitting device according to claim 1,
wherein the compound has 3 or more hydron-transferable
sites in the molecule.

3. The organic light-emitting device according to claim 1,
wherein the hydron-transferable site is composed of an oxo
group and a secondary amino group.

4. The organic light-emitting device according to claim 1,
wherein the hydron-transferable site is composed of a car-
bonyl group and a secondary amino group.

5. The organic light-emitting device according to claim 1,
wherein the compound contains a condensed ring structure
having 20 or more ring skeleton-constituting atoms.

6. The organic light-emitting device according to claim 1,
wherein the compound contains a condensed ring structure
having 30 or more ring skeleton-constituting atoms.

7. The organic light-emitting device according to y claim
1, wherein the condensed ring structure is a planar structure.

8. The organic light-emitting device according to claim 1,
wherein the condensed ring structure contains 3 or more
6-membered rings having a conjugated double bond.

9. The organic light-emitting device according to claim 8,
wherein the 6-membered rings having a conjugated double
bond together form a condensed structure.

10. The organic light-emitting device according to claim
4, wherein the condensed ring structure contains a carbon
atom of a carbonyl group and a nitrogen atom of a secondary
amino group as the ring skeleton-constituting atoms.

11. The organic light-emitting device according to claim
1, wherein the difference AE; between the lowest excited
singlet energy level S, and the lowest excited triplet energy
level T, of the compound capable of emitting delayed
fluorescence and capable of undergoing intramolecular
hydron transfer is 0.3 eV or less.

12. The organic light-emitting device according to claim
1, wherein the rate constant k.. of reverse intersystem
crossing of the compound capable of emitting delayed
fluorescence and capable of undergoing intramolecular
hydron transfer is 1x10* s™' or more.

13. The organic light-emitting device according to claim
1, wherein the compound capable of emitting delayed fluo-
rescence and capable of undergoing intramolecular hydron
transfer is a compound represented by the following general
formula (1):
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General Formula (1)

wherein X* to X each independently represent O or S; R*
to R® each independently represent or a substituent; n,
nl to n3 each independently represent an integer of 1 to
3; R' and R? R? and R*, R” and R® each may bond to
each other to form a cyclic structure.

14. The organic light-emitting device according to claim
13, wherein R' and R?, R® and R*, R® and R® in the general
formula (1) each bond to each other to form a cyclic
structure.

15. The organic light-emitting device according to claim
1, wherein the compound capable of emitting delayed fluo-
rescence and capable of undergoing intramolecular hydron

transfer is a compound represented by the following general
formula (2):

General Formula (2)

wherein X* to X° each independently represent O or S;
R to R** each independently represent "H or a sub-
stituent; n, nl to n3 each independently represent an
integer of 1 to 3; R' and R'?, R'? and R'?, R*® and R**,
R”andR'%,R'°andR'7,R"” and R'®, R*® and R*°, R*°
and R**, R*! and R** each may bond to each other to
form a cyclic structure.

16. The organic light-emitting device according to claim
15, wherein R'!, R™, R'*, R'®, R'® and R** each are "H.
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17. The organic light-emitting device according to claim
1, which has a light-emitting layer containing the compound
capable of emitting delayed fluorescence and capable of
undergoing intramolecular hydron transfer on a substrate.

18. The organic light-emitting device according to claim
17, wherein the light-emitting layer contains a light-emitting
material that comprises the compound capable of emitting
delayed fluorescence and capable of undergoing intramo-
lecular hydron transfer.

19. The organic light-emitting device according to claim
1, wherein the device is an organic electroluminescent
device.

20. The organic light-emitting device according to claim
1, wherein the device is an organic light-emitting transistor.

21. A light-emitting material comprising a compound
represented by the following general formula (1):

General Formula (1)

wherein X' to X? each independently represent O or S; R*
to R® each independently represent ”H or a substituent;
nandnl to n3 each independently represent an integer
of 1 to 3;and R* and R?, R® and R*, R® and R® each may
bond to each other to form a cyclic structure.

22. A delayed fluorescent material comprising a com-

pound represented by the following general formula (1):

General Formula (1)

wherein X" to X each independently represent O or S; R*
to R® each independently represent ”H or a substituent;
n represents an integer of 1 to 3; R' and R?, R* and R*,
R’ and R® each may bond to each other to form a cyclic
structure.



RiES
(57190 18 (% FAR) A (i)

RF(EFR)AGE)

LA IE (T FR)AGER)

FRI& B A

KRN

£ 5
S\EREERE

BEX)

[FT —HBEIRKEE ,

FRAKEHRBHILED.

R EINEH,

BRI TR E AR R TKA

US20190348617A1 A TUN=
US16/471217 g A
By RFEAAMKE

KYUSHUA% , B AS LA
KYULUX , INC.

KYUSHUKR% , BN KFQF]
KYULUX , INC.

MAMADA MASASHI
ADACHI CHIHAYA
NAKANOTANI HAJIME
YANG YUSEOK

MAMADA, MASASHI
ADACHI, CHIHAYA
NAKANOTANI, HAJIME
YANG, YUSEOK

HO1L51/00 HO1L51/50 C09K11/06

2019-11-14

2017-12-20

patsnap

HO1L51/0072 C09K2211/1011 HO1L51/5016 HO1L51/5004 C09K11/06 CO7D471/14 HO1L51/0081

HO1L51/5012

2016246969 2016-12-20 JP

Espacenet USPTO

ZLEYMBRHNEERNRRNLEY. X1 5
X3 B HIFRROHES; R1 —R6 A AR RAHFZERE. n, n1En35 55k

HEARS RS RN H BB itiTo

o |



https://share-analytics.zhihuiya.com/view/02afbcfb-d337-41c3-b4ef-6c402733aac1
https://worldwide.espacenet.com/patent/search/family/062626490/publication/US2019348617A1?q=US2019348617A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190348617%22.PGNR.&OS=DN/20190348617&RS=DN/20190348617

