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(57) ABSTRACT 
To provide a light-emitting element with high emission 
efficiency and low driving Voltage. The light-emitting ele 
ment includes a guest material and a host material. A LUMO 
level of the guest material is lower than a LUMO level of the 
host material. An energy difference between the LUMO 
level and a HOMO level of the guest material is larger than 
an energy difference between the LUMO level and a HOMO 
level of the host material. The guest material has a function 
of converting triplet excitation energy into light emission. 
An energy difference between the LUMO level of the guest 
material and the HOMO level of the host material is larger 
than or equal to energy of light emission of the guest 
material. 
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FIG 71 
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LIGHT-EMITTING ELEMENT, DISPLAY 
DEVICE, ELECTRONIC DEVICE, AND 

LIGHTING DEVICE 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 One embodiment of the present invention relates to 
a light-emitting element, a display device including the 
light-emitting element, an electronic device including the 
light-emitting element, and a lighting device including the 
light-emitting element. 
0003) Note that one embodiment of the present invention 

is not limited to the above technical field. The technical field 
of one embodiment of the invention disclosed in this speci 
fication and the like relates to an object, a method, or a 
manufacturing method. In addition, one embodiment of the 
present invention relates to a process, a machine, manufac 
ture, or a composition of matter. Specifically, examples of 
the technical field of one embodiment of the present inven 
tion disclosed in this specification include a semiconductor 
device, a display device, a liquid crystal display device, a 
light-emitting device, a lighting device, a power storage 
device, a memory device, a method for driving any of them, 
and a method for manufacturing any of them. 
0004 2. Description of the Related Art 
0005. In recent years, research and development have 
been extensively conducted on light-emitting elements using 
electroluminescence (EL). In a basic structure of Such a 
light-emitting element, a layer containing a light-emitting 
material (an EL layer) is interposed between a pair of 
electrodes. By applying a voltage between the pair of 
electrodes of this element, light emission from the light 
emitting material can be obtained. 
0006 Since the above light-emitting element is of a 
self-luminous type, a display device using this light-emitting 
element has advantages Such as high visibility, no necessity 
of a backlight, low power consumption, and the like. Fur 
ther, the display device also has advantages in that it can be 
formed to be thin and lightweight, and has high response 
speed. 
0007. In a light-emitting element (e.g., an organic EL 
element) whose EL layer contains an organic material as a 
light-emitting material and is provided between a pair of 
electrodes, application of a Voltage between the pair of 
electrodes causes injection of electrons from a cathode and 
holes from an anode into the EL layer having a light 
emitting property and thus a current flows. By recombina 
tion of the injected electrons and holes, the organic material 
having a light-emitting property is brought into an excited 
state to provide light emission. 
0008. Note that an excited state formed by an organic 
material can be a singlet excited state (S*) or a triplet excited 
state (T). Light emission from the singlet excited state is 
referred to as fluorescence, and light emission from the 
triplet excited state is referred to as phosphorescence. The 
formation ratio of S to T in the light-emitting element is 
1:3. In other words, a light-emitting element including a 
compound emitting phosphorescence (phosphorescent com 
pound) has higher light emission efficiency than a light 
emitting element including a compound emitting fluores 
cence (fluorescent compound). Therefore, light-emitting 
elements containing phosphorescent materials capable of 
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converting energy of the triplet excited State into light 
emission have been actively developed in recent years (e.g., 
see Patent Document 1). 
0009 Energy for exciting an organic material depends on 
an energy difference between the LUMO level and the 
HOMO level of the organic material. The energy difference 
approximately corresponds to singlet excitation energy. In a 
light-emitting element containing a phosphorescent organic 
material, triplet excitation energy is converted into light 
emission energy. Thus, when the energy difference between 
the singlet excited state and the triplet excited state of an 
organic material is large, the energy needed for exciting the 
organic material is higher than the light emission energy by 
the amount corresponding to the energy difference. The 
difference between the energy for exciting the organic 
material and the light emission energy affects element char 
acteristics of a light-emitting element: the driving Voltage of 
the light-emitting element increases. Research and develop 
ment are being conducted on techniques for reducing the 
driving Voltage (see Patent Document 2). 
0010. Among light-emitting elements including phos 
phorescent materials, a light-emitting element that emits 
blue light in particular has not yet been put into practical use 
because it is difficult to develop a stable organic material 
having a high triplet excited energy level. This has motivated 
the research effort to develop highly reliable light-emitting 
elements that exhibit phosphorescence with high emission 
efficiency. 

REFERENCES 

Patent Documents 

Patent Document 1 Japanese Published Patent Application 
No. 2010-182699 

Patent Document 2 Japanese Published Patent Application 
No. 2012-212879 

SUMMARY OF THE INVENTION 

0011. An iridium complex is known as a phosphorescent 
material with high emission efficiency. An iridium complex 
including a pyridine skeleton or a nitrogen-containing five 
membered heterocyclic skeleton as a ligand is known as an 
iridium complex with high light emission energy. Although 
the pyridine skeleton and the nitrogen-containing five-mem 
bered heterocyclic skeleton have high triplet excitation 
energy, they have poor electron-accepting property. Accord 
ingly, the HOMO level and LUMO level of the iridium 
complex having the skeletons as ligands are high, and hole 
carriers are easily injected thereto, while electron carriers are 
not. Thus, an iridium complex having a skeleton with high 
electron-accepting property as a ligand has been developed. 
0012. In contrast, the HOMO level and LUMO level of 
the iridium complex having a skeleton with high electron 
accepting property as a ligand are low, and electron carriers 
tend to be injected thereto, while hole carriers do not. Thus, 
excitation by direct carrier recombination is sometimes 
difficult, which can hinder efficient light emission of a 
light-emitting element. 
0013. In view of the above, an object of one embodiment 
of the present invention is to provide a light-emitting ele 
ment that has high emission efficiency and contains a 
phosphorescent material. Another object of one embodiment 
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of the present invention is to provide a light-emitting ele 
ment with low power consumption. Another object of one 
embodiment of the present invention is to provide a light 
emitting element with high reliability. Another object of one 
embodiment of the present invention is to provide a novel 
light-emitting element. Another object of one embodiment 
of the present invention is to provide a novel light-emitting 
device. Another object of one embodiment of the present 
invention is to provide a novel display device. 
0014 Note that the description of the above object does 
not disturb the existence of other objects. In one embodi 
ment of the present invention, there is no need to achieve all 
the objects. Other objects are apparent from and can be 
derived from the description of the specification and the like. 
0015. One embodiment of the present invention is a 
light-emitting element including a host material that can 
efficiently excite a phosphorescent material. 
0016 One embodiment of the present invention is a 
light-emitting element which includes a guest material and 
a host material and in which a LUMO level of the guest 
material is lower than a LUMO level of the host material, an 
energy difference between the LUMO level of the guest 
material and a HOMO level of the guest material is larger 
than an energy difference between the LUMO level of the 
host material and a HOMO level of the host material, and the 
guest material has a function of converting triplet excitation 
energy into light emission. 
0017. One embodiment of the present invention is a 
light-emitting element which includes a guest material and 
a host material and in which a LUMO level of the guest 
material is lower than a LUMO level of the host material, an 
energy difference between the LUMO level of the guest 
material and a HOMO level of the guest material is larger 
than an energy difference between the LUMO level of the 
host material and a HOMO level of the host material, the 
guest material has a function of converting triplet excitation 
energy into light emission, and an energy difference between 
the LUMO level of the guest material and the HOMO level 
of the host material is larger than or equal to transition 
energy calculated from an absorption edge of an absorption 
spectrum of the guest material. 
0018. One embodiment of the present invention is a 
light-emitting element which includes a guest material and 
a host material and in which a LUMO level of the guest 
material is lower than a LUMO level of the host material, an 
energy difference between the LUMO level of the guest 
material and a HOMO level of the guest material is larger 
than an energy difference between the LUMO level of the 
host material and a HOMO level of the host material, the 
guest material has a function of converting triplet excitation 
energy into light emission, and an energy difference between 
the LUMO level of the guest material and the HOMO level 
of the host material is larger than or equal to light emission 
energy of the guest material. 
0019. In each of the above structures, it is preferable that 
the energy difference between the LUMO level of the guest 
material and the HOMO level of the guest material be larger 
than the transition energy calculated from the absorption 
edge of the absorption spectrum of the guest material by 0.4 
eV or more. It is preferable that the energy difference 
between the LUMO level of the guest material and the 
HOMO level of the guest material be larger than the light 
emission energy of the guest material by 0.4 eV or more. 
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0020. In each of the above structures, it is preferable that 
the host material have a difference between a singlet exci 
tation energy level and a triplet excitation energy level of 
larger than 0 eV and smaller than or equal to 0.2 eV. It is 
preferable that the host material have a function of exhib 
iting thermally activated delayed fluorescence. 
0021. In each of the above structures, it is preferable that 
the host material have a function of Supplying excitation 
energy to the guest material. It is preferable that a light 
emission spectrum of the host material include a wavelength 
region overlapping with an absorption band on the lowest 
energy side in the absorption spectrum of the guest material. 
0022. In each of the above structures, it is preferable that 
the guest material include iridium. It is preferable that the 
guest material emit light. 
0023. In each of the above structures, it is preferable that 
the host material have a function of transporting an electron. 
It is preferable that the host material have a function of 
transporting a hole. It is preferable that the host material 
include a t-electron deficient heteroaromatic ring skeleton 
and include at least one of a t-electron rich heteroaromatic 
ring skeleton and an aromatic amine skeleton. It is preferable 
that the L-electron deficient heteroaromatic ring skeleton 
include at least one of a diazine skeleton and a triazine 
skeleton and the L-electron rich heteroaromatic ring skeleton 
include at least one of an acridine skeleton, a phenoxazine 
skeleton, a phenothiazine skeleton, a furan skeleton, a thio 
phene skeleton, and a pyrrole skeleton. 
0024. In the light-emitting element described in each of 
the above structures, it is preferable that the host material be 
a compound represented by any one of Structural Formulae 
(500) to (503) below: 

Chemical Formulae 1 

(500) 
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-continued -continued 
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0025. One embodiment of the present invention is a 
compound represented by any one of Structural Formulae 
(500) to (503) below: 

Chemical Formulae 1 
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-continued 
(503) 

0026. One embodiment of the present invention is a 
display device including the light-emitting element having 
any of the above structures, and at least one of a color filter 
and a transistor. One embodiment of the present invention is 
an electronic device including the above-described display 
device and at least one of a housing and a touch sensor. One 
embodiment of the present invention is a lighting device 
including the light-emitting element having any of the above 
structures, and at least one of a housing and a touch sensor. 
The category of one embodiment of the present invention 
includes not only a light-emitting device including a light 
emitting element but also an electronic device including a 
light-emitting device. Therefore, the light-emitting device in 
this specification refers to an image display device or a light 
Source (e.g., a lighting device). A display module in which 
a connector such as a flexible printed circuit (FPC) or a tape 
carrier package (TCP) is connected to a light-emitting 
device, a display module in which a printed wiring board is 
provided on the tip of a TCP, and a display module in which 
an integrated circuit (IC) is directly mounted on a light 
emitting element by a chip on glass (COG) method are also 
embodiments of the present invention. 
0027. With one embodiment of the present invention, a 
light-emitting element that has high emission efficiency and 
contains a phosphorescent material is provided. With one 
embodiment of the present invention, a light-emitting ele 
ment with low power consumption is provided. With one 
embodiment of the present invention, a light-emitting ele 
ment with high reliability is provided. With one embodiment 
of the present invention, a novel light-emitting element is 
provided. With one embodiment of the present invention, a 
novel light-emitting device is provided. With one embodi 
ment of the present invention, a novel display device can be 
provided. 
0028 Note that the description of the above effects does 
not disturb the existence of other effects. In one embodiment 
of the present invention, there is no need to achieve all the 
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effects. Other effects are apparent from and can be derived 
from the description of the specification, the drawings, the 
claims, and the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029 FIGS. 1A and 1B are schematic cross-sectional 
views of a light-emitting element of one embodiment of the 
present invention. 
0030 FIGS. 2A and 2B are schematic views showing a 
correlation of energy levels and a correlation between 
energy bands in a light-emitting layer of a light-emitting 
element of one embodiment of the present invention. 
0031 FIGS. 3A and 3B are schematic cross-sectional 
views of a light-emitting element of one embodiment of the 
present invention. 
0032 FIGS. 4A and 4B are schematic views showing a 
correlation between energy levels and a correlation between 
energy bands in a light-emitting layer of a light-emitting 
element of one embodiment of the present invention. 
0033 FIGS. 5A and 5B are schematic cross-sectional 
views of a light-emitting element of one embodiment of the 
present invention and FIG. 5C is a schematic view showing 
a correlation between energy levels in a light-emitting layer. 
0034 FIGS. 6A and 6B are schematic cross-sectional 
views of a light-emitting element of one embodiment of the 
present invention and FIG. 6C is a schematic view showing 
a correlation between energy levels in a light-emitting layer. 
0035 FIGS. 7A and 7B are each a schematic cross 
sectional view of a light-emitting element of one embodi 
ment of the present invention. 
0.036 FIGS. 8A and 8B are each a schematic cross 
sectional view of a light-emitting element of one embodi 
ment of the present invention. 
0037 FIGS. 9A to 9C are schematic cross-sectional 
views illustrating a method for manufacturing a light-emit 
ting element of one embodiment of the present invention. 
0038 FIGS. 10A to 10C are schematic cross-sectional 
views illustrating the method for manufacturing a light 
emitting element of one embodiment of the present inven 
tion. 
0039 FIGS. 11A and 11B area top view and a schematic 
cross-sectional view illustrating a display device of one 
embodiment of the present invention. 
0040 FIGS. 12A and 12B are each a schematic cross 
sectional view illustrating a display device of one embodi 
ment of the present invention. 
0041 FIG. 13 is a schematic cross-sectional view illus 
trating a display device of one embodiment of the present 
invention. 
0.042 FIGS. 14A and 14B are schematic cross-sectional 
views each illustrating a display device of one embodiment 
of the present invention. 
0043 FIGS. 15A and 15B are schematic cross-sectional 
views illustrating a display device of one embodiment of the 
present invention. 
0044 FIG. 16 is a schematic cross-sectional view illus 
trating a display device of one embodiment of the present 
invention. 
004.5 FIGS. 17A and 17B are each a schematic cross 
sectional view illustrating a display device of one embodi 
ment of the present invention. 
0046 FIG. 18 is a schematic cross-sectional view illus 
trating a display device of one embodiment of the present 
invention. 
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0047 FIGS. 19A and 19B are each a schematic cross 
sectional view illustrating a display device of one embodi 
ment of the present invention. 
0048 FIGS. 20A and 20B are a block diagram and a 
circuit diagram illustrating a display device of one embodi 
ment of the present invention. 
0049 FIGS. 21A and 21B are circuit diagrams each 
illustrating a pixel circuit of a display device of one embodi 
ment of the present invention. 
0050 FIGS. 22A and 22B are circuit diagrams each 
illustrating a pixel circuit of a display device of one embodi 
ment of the present invention. 
0051 FIGS. 23A and 23B are perspective views of an 
example of a touch panel of one embodiment of the present 
invention. 
0052 FIGS. 24A to 24C are cross-sectional views of 
examples of a display device and a touch sensor of one 
embodiment of the present invention. 
0053 FIGS. 25A and 25B are cross-sectional views each 
illustrating an example of a touch panel of one embodiment 
of the present invention. 
0054 FIGS. 26A and 26B are a block diagram and a 
timing chart of a touch sensor of one embodiment of the 
present invention. 
0055 FIG. 27 is a circuit diagram of a touch sensor of one 
embodiment of the present invention. 
0056 FIG. 28 is a perspective view illustrating a display 
module of one embodiment of the present invention. 
0057 FIGS. 29A to 29G illustrate electronic devices of 
one embodiment of the present invention. 
0058 FIGS. 30A to 30F illustrate electronic devices of 
one embodiment of the present invention. 
0059 FIGS. 31A to 31D illustrate electronic devices of 
one embodiment of the present invention. 
0060 FIGS. 32A and 32B are perspective views illus 
trating a display device of one embodiment of the present 
invention. 
0061 FIGS. 33A to 33C are a perspective view and 
cross-sectional views illustrating light-emitting devices of 
one embodiment of the present invention. 
0062 FIGS. 34A to 34D are each a cross-sectional view 
illustrating a light-emitting device of one embodiment of the 
present invention. 
0063 FIGS. 35A to 35C illustrate an electronic device 
and a lighting device of one embodiment of the present 
invention. 
0064 FIG. 36 illustrates lighting devices of one embodi 
ment of the present invention. 
0065 FIGS. 37A and 37B are each a schematic cross 
sectional view illustrating a light-emitting element in 
Example. 
0.066 FIG.38 shows the current efficiency vs. luminance 
characteristics of light-emitting elements in Example. 
0067 FIG. 39 shows luminance vs. Voltage characteris 
tics of light-emitting elements in Example. 
0068 FIG. 40 shows the external quantum efficiency vs. 
luminance characteristics of light-emitting elements in 
Example. 
0069 FIG. 41 shows power efficiency vs. luminance 
characteristics of light-emitting elements in Example. 
0070 FIG. 42 shows electroluminescence spectra of 
light-emitting elements in Example. 
0071 FIG. 43 shows emission spectra of a host material 
in Example. 
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0072 FIG. 44 shows transient fluorescence characteris 
tics of a host material in Example. 
0073 FIG. 45 shows an absorption spectrum and an 
emission spectrum of a guest material in Example. 
0074 FIG. 46 shows current efficiency vs. luminance 
characteristics of a light-emitting element in Example. 
0075 FIG. 47 shows luminance vs. Voltage characteris 

tics of a light-emitting element in Example. 
0076 FIG. 48 shows external quantum efficiency vs. 
luminance characteristics of a light-emitting element in 
Example. 
0077 FIG. 49 shows power efficiency vs. luminance 
characteristics of a light-emitting element in Example. 
0078 FIG.50 shows an electroluminescence spectrum of 
a light-emitting element in Example. 
007.9 FIG. 51 shows emission spectra of a host material 
in Example. 
0080 FIG. 52 shows an absorption spectrum and an 
emission spectrum of a guest material in Example. 
0081 FIG. 53 shows current efficiency vs. luminance 
characteristics of light-emitting elements in Example. 
0082 FIG. 54 shows luminance vs. Voltage characteris 

tics of light-emitting elements in Example. 
I0083 FIG. 55 shows external quantum efficiency vs. 
luminance characteristics of light-emitting elements in 
Example. 
0084 FIG. 56 shows power efficiency vs. luminance 
characteristics of light-emitting elements in Example. 
I0085 FIG. 57 shows electroluminescence spectra of 
light-emitting elements in Example. 
I0086 FIG. 58 shows emission spectra of a host material 
in Example. 
0087 FIG. 59 shows emission spectra of a host material 
in Example. 
0088 FIGS. 60A and 60B show "H NMR charts of 
N-(4-biphenyl)-N-(9,9-dimethyl-9H-fluoren-2-yl)-N-(4-3- 
(dibenzof higuinoxalin-2-yl)phenylphenyl)amine (abbre 
viation: 2mpFBiBPDBq). 
I0089 FIG. 61 shows LC/MS results of 2mpFBiBPDBq. 
0090 FIG. 62 shows an absorption spectrum and an 
emission spectrum of 2mpFBiBPDBq in a toluene solution 
of 2mpFBiBPDBq. 
0091 FIG. 63 shows an absorption spectrum and an 
emission spectrum of a solid thin film of 2mpFBiBPDBq. 
0092 FIGS. 64A and 64B show "H NMR charts of 
N-(4-biphenyl)-N-(4-6-3-(dibenzo quinoxalin-2-yl)phe 
nylidibenzofuran-4-yl)phenyl)-9,9-dimethyl-9H-fluoren-2- 
amine (abbreviation: 2mFBiPDBfPDBq). 
0093 FIG. 65 shows an absorption spectrum and an 
emission spectrum of 2mPBiPDBfPDBq in a toluene solu 
tion of 2mRBiPDBfPDBq. 
0094 FIG. 66 shows an absorption spectrum and an 
emission spectrum of a solid thin film of 2mPBiPDBfPDBq. 
0.095 FIGS. 67A and 67B show "H NMR charts of 
4-3-(dibenzof.hguinoxalin-2-yl)phenyl)-4-(9-phenyl-9H 
carbazol-3-yl)-triphenylamine (abbreviation: 2mpFCBABP 
DBq). 
0096 FIG. 68 shows an absorption spectrum and an 
emission spectrum of 2mplpCBABPDBq in a toluene solu 
tion of 2mpFCBABPDBq. 
0097 FIG. 69 shows an absorption spectrum and an 
emission spectrum of a solid thin film of 2mplpCBABPDBq. 
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0.098 FIGS. 70A and 70B show "H NMR charts of 
N-phenyl-N-(1,1'-biphenyl)-4-yl)-N-(4-3-(dibenzof,h 
quinoxalin-2-yl)phenylphenyl)amine (abbreviation: 
2mp3PABPDBq). 
0099 FIG. 71 shows LC/MS results of 2mpbPABPDBq. 
0100 FIG. 72 shows an absorption spectrum and an 
emission spectrum of 2mpbPABPDBq in a toluene solution 
of 2mpbPABPDBq. 
0101 FIG. 73 shows an absorption spectrum and an 
emission spectrum of a solid thin film of 2mplBPABPDBq. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0102 Embodiments of the present invention will be 
described in detail below with reference to the drawings. 
However, the present invention is not limited to description 
to be given below, and modes and details thereof can be 
variously modified without departing from the purpose and 
the scope of the present invention. Accordingly, the present 
invention should not be interpreted as being limited to the 
content of the embodiments below. 
0103) Note that the position, the size, the range, or the 
like of each structure illustrated in drawings and the like is 
not accurately represented in Some cases for simplification. 
Therefore, the disclosed invention is not necessarily limited 
to the position, the size, the range, or the like disclosed in the 
drawings and the like. 
0104. Note that the ordinal numbers such as “first, 
“second, and the like in this specification and the like are 
used for convenience and do not denote the order of steps or 
the stacking order of layers. Therefore, for example, descrip 
tion can be made even when “first is replaced with “sec 
ond' or “third, as appropriate. In addition, the ordinal 
numbers in this specification and the like are not necessarily 
the same as those which specify one embodiment of the 
present invention. 
0105. In the description of modes of the present invention 
in this specification and the like with reference to the 
drawings, the same components in different diagrams are 
commonly denoted by the same reference numeral in some 
CaSCS. 

0106. In this specification and the like, the teens “film' 
and “layer can be interchanged with each other. For 
example, the term “conductive layer can be changed into 
the term “conductive film' in some cases. Also, the term 
“insulating film can be changed into the term “insulating 
layer” in some cases. 
0107. In this specification and the like, a singlet excited 
state (S) refers to a singlet state having excitation energy. 
An S1 level means the lowest level of the singlet excitation 
energy level, that is, the excitation energy level of the lowest 
singlet excited state. A triplet excited state (T) refers to a 
triplet State having excitation energy. A T1 level means the 
lowest level of the triplet excitation energy level, that is, the 
excitation energy level of the lowest triplet excited state. 
Note that in this specification and the like, a singlet excited 
state and a singlet excitation energy level mean the lowest 
singlet excited State and the S1 level, respectively, in some 
cases. A triplet excited State and a triplet excitation energy 
level mean the lowest triplet excited state and the T1 level, 
respectively, in Some cases. 
0108. In this specification and the like, a fluorescent 
material refers to a material that emits light in the visible 
light region when the relaxation from the singlet excited 
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state to the ground state occurs. A phosphorescent material 
refers to a material that emits light in the visible light region 
at room temperature when the relaxation from the triplet 
excited State to the ground State occurs. That is, a phospho 
rescent material refers to a material that can convert triplet 
excitation energy into visible light. 
0109 Phosphorescence emission energy or a triplet exci 
tation energy can be obtained from a wavelength of an 
emission peak (including a shoulder) or a rising portion on 
the shortest wavelength side of phosphorescence emission. 
Note that the phosphorescence emission can be observed by 
time-resolved photoluminescence in a low-temperature 
(e.g., K) environment. A thermally activated delayed fluo 
rescence emission energy can be obtained from a wave 
length of an emission peak (including a shoulder) or a rising 
portion on the shortest wavelength side of thermally acti 
vated delayed fluorescence. 
0110. Note that in this specification and the like, “room 
temperature” refers to a temperature higher than or equal to 
0° C. and lower than or equal to 40° C. 
0111. In this specification and the like, a wavelength 
range of blue refers to a wavelength range of greater than or 
equal to 400 nm and less than 500 nm, and blue light has at 
least one peak in that range in an emission spectrum. A 
wavelength range of green refers to a wavelength range of 
greater than or equal to 500 nm and less than 580 nm, and 
green light has at least one peak in that range in an emission 
spectrum. A wavelength range of red refers to a wavelength 
range of greater than or equal to 580 nm and less than or 
equal to 680 nm, and red light has at least one peak in that 
range in an emission spectrum. 

Embodiment 1 

0112. In this embodiment, a light-emitting element of one 
embodiment of the present invention will be described 
below with reference to FIGS. 1A and 1B, FIGS. 2A and 2B, 
FIGS. 3A and 3B, and FIGS. 4A and 4B. 

Structure Example 1 of Light-Emitting Element 

0113 First, a structure of the light-emitting element of 
one embodiment of the present invention will be described 
below with reference to FIGS 1A and 1B. 

0114 FIG. 1A is a schematic cross-sectional view of a 
light-emitting element 150 of one embodiment of the present 
invention. 
0115 The light-emitting element 150 includes a pair of 
electrodes (an electrode 101 and an electrode 102) and an EL 
layer 100 between the pair of electrodes. The EL layer 100 
includes at least a light-emitting layer 130. 
0116. The EL layer 100 illustrated in FIG. 1A includes 
functional layers such as a hole-injection layer 111, a hole 
transport layer 112, an electron-transport layer 118, and an 
electron-injection layer 119 in addition to the light-emitting 
layer 130. 
0117. In this embodiment, although description is given 
assuming that the electrode 101 and the electrode 102 of the 
pair of electrodes serve as an anode and a cathode, respec 
tively, they are not limited thereto for the structure of the 
light-emitting element 150. That is, the electrode 101 may be 
a cathode, the electrode 102 may be an anode, and the 
stacking order of the layers between the electrodes may be 
reversed. In other words, the hole-injection layer 111, the 
hole-transport layer 112, the light-emitting layer 130, the 
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electron-transport layer 118, and the electron-injection layer 
119 may be stacked in this order from the anode side. 
0118. The structure of the EL layer 100 is not limited to 
the structure illustrated in FIG. 1A, and a structure including 
at least one layer selected from the hole-injection layer 111, 
the hole-transport layer 112, the electron-transport layer 118, 
and the electron-injection layer 119 may be employed. 
Alternatively, the EL layer 100 may include a functional 
layer which is capable of lowering a hole- or electron 
injection barrier, improving a hole- or electron-transport 
property, diminishing a hole- or electron-transport property, 
or Suppressing a quenching phenomenon by an electrode, for 
example. Note that the functional layers may each be a 
single layer or stacked layers. 
0119 FIG. 1B is a schematic cross-sectional view illus 
trating an example of the light-emitting layer 130 in FIG. 
1A. The light-emitting layer 130 in FIG. 1B includes a guest 
material 131 and a host material 132. 
I0120 In the light-emitting layer 130, the host material 
132 is present in the largest proportion by weight, and the 
guest material 131 is dispersed in the host material 132. 
I0121 The guest material 131 is a light-emitting organic 
material. The light-emitting organic material preferably has 
a function of converting triplet excitation energy into light 
emission and is preferably a material capable of exhibiting 
phosphorescence (hereinafter also referred to as a phospho 
rescent material). In the description below, a phosphorescent 
material is used as the guest material 131. The guest material 
131 may be rephrased as the phosphorescent material. 

<Light Emission Mechanism 1 of Light-Emitting Element> 
I0122) Next, the light emission mechanism of the light 
emitting layer 130 is described below. 
I0123. In the light-emitting element 150 of one embodi 
ment of the present invention, Voltage application between 
the pair of electrodes (the electrodes 101 and 102) causes 
electrons and holes to be injected from the cathode and the 
anode, respectively, into the EL layer 100 and thus current 
flows. By recombination of the injected electrons and holes, 
the guest material 131 in the light-emitting layer 130 of the 
EL layer 100 is brought into an excited state to provide light 
emission. 
0.124 Note that light emission from the guest material 
131 can be obtained through the following two processes: 
0.125 (O.) direct recombination process; and 
0.126 (B) energy transfer process. 

<(C) Direct Recombination Process> 
I0127. First, the direct recombination process in the guest 
material 131 will be described. Carriers (electrons and holes) 
are recombined in the guest material 131, and the guest 
material 131 is brought into an excited state. In this case, 
energy for exciting the guest material 131 by the direct 
carrier recombination process depends on the energy differ 
ence between the lowest unoccupied molecular orbital 
(LUMO) level and the highest occupied molecular orbital 
(HOMO) level of the guest material 131, and the energy 
difference approximately corresponds to singlet excitation 
energy. Since the guest material 131 is a phosphorescent 
material, triplet excitation energy is converted into light 
emission. Thus, when the energy difference between the 
singlet excited State and the triplet excited State of the guest 
material 131 is large, the energy for exciting the guest 
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material 131 is higher than the light emission energy by the 
amount corresponding to the energy difference. 
0128. The energy difference between the energy for 
exciting the guest material 131 and the light emission energy 
affects element characteristics of a light-emitting element: 
the driving Voltage of the light-emitting element varies. 
Thus, in (C) direct recombination process, the light emission 
start Voltage of the light-emitting element is higher than the 
Voltage corresponding to the light emission energy in the 
guest material 131. 
0129. In the case where the guest material 131 has high 
light emission energy, the guest material 131 has a high 
LUMO level. Thus, the injection of electrons as carriers into 
the guest material 131 is hampered, and the direct recom 
bination of carriers (electrons and holes) is less likely to 
occur in the guest material 131. Accordingly, high emission 
efficiency is hardly obtained in the light-emitting element. 

<(B) Energy Transfer Process> 
0130. Next, in order to describe the energy transfer 
process of the host material 132 and the guest material 131, 
a schematic diagram illustrating the correlation of energy 
levels is shown in FIG. 2A. The following explains what 
terms and signs in FIG. 2A represent: 
0131 Guest (131): the guest material 131 (the phospho 
rescent material); 
(0132) Host (132): the host material 132: 
0.133 S: an S1 level of the guest material 131 (the 
phosphorescent material); 
0134. T: a T1 level of the guest material 131 (the 
phosphorescent material); 
0135 S: an S1 level of the host material 132; and 
0.136 T: a T1 level of the host material 132. 
0137 In the case where carriers are recombined in the 
host material 132 and the singlet excited state and the triplet 
excited state of the host material 132 are formed, as shown 
in Route E and Route E in FIG. 2A, both of the singlet 
excitation energy and the triplet excitation energy of the host 
material 132 are transferred from the singlet excitation 
energy level (S) and the triplet excitation energy level (T) 
of the host material 132 to the triplet excitation energy level 
(T) of the guest material 131, and the guest material 131 is 
brought into a triplet excited state. Phosphorescence is 
obtained from the guest material 131 in the triplet excited 
State. 

0.138. Note that both of the singlet excitation energy level 
(S) and the triplet excitation energy level (T) of the host 
material 132 are preferably higher than or equal to the triplet 
excitation energy level (T) of the guest material 131. In that 
case, the singlet excitation energy and the triplet excitation 
energy of the formed host material 132 can be efficiently 
transferred from the singlet excitation energy level (S) and 
the triplet excitation energy level (T) of the host material 
132 to the triplet excitation energy level (T) of the guest 
material 131. 
0.139. In other words, in the light-emitting layer 130, 
excitation energy is transferred from the host material 132 to 
the guest material 131. 
0140. Note that in the case where the light-emitting layer 
130 includes the host material 132, the guest material 131, 
and a material other than the host material 132 and the guest 
material 131, the material other than the host material 132 
and the guest material 131 in the light-emitting layer 130 
preferably has a triplet excitation energy level higher than 

Mar. 30, 2017 

the triplet excitation energy level (T) of the host material 
132. Thus, quenching of the triplet excitation energy of the 
host material 132 is less likely to occur, which causes 
efficient energy transfer to the guest material 131. 
0.141. In order to reduce energy loss caused when the 
singlet excitation energy of the host material 132 is trans 
ferred to the triplet excitation energy level (T) of the guest 
material 131, it is preferable that the energy difference 
between the singlet excitation energy level (S) and the 
triplet excitation energy level (T) of the host material 132 
be small. 
0.142 FIG. 2B is an energy band diagram of the guest 
material 131 and the host material 132. In FIG. 2B, “Guest 
(131) represents the guest material 131, “Host (132)” 
represents the host material 132, AE represents the energy 
difference between the LUMO level and the HOMO level of 
the guest material 131. AE, represents the energy difference 
between the LUMO level and the HOMO level of the host 
material 132, and AE represents the energy difference 
between the LUMO level of the guest material 131 and the 
HOMO level of the host material 132. 

0.143 To make the guest material 131 emit light of a short 
wavelength and with high emission energy, the larger the 
energy difference (AE) between the LUMO level and the 
HOMO level of the guest material 131 is, the better. How 
ever, excitation energy in the light-emitting element 150 is 
preferably as small as possible in order to reduce the driving 
Voltage; thus, the Smaller the excitation energy of an excited 
state formed by the host material 132 is, the better. There 
fore, the energy difference (AE) between the LUMO level 
and the HOMO level of the host material 132 is preferably 
Small. 
0144. The guest material 131 is a phosphorescent mate 
rial and thus has a function of converting triplet excitation 
energy into light emission. In addition, energy is more stable 
in a triplet excited State than in a singlet excited State. Thus, 
the guest material 131 emits light having energy Smaller than 
the energy difference (AE) between the LUMO level and 
the HOMO level of the guest material 131. The present 
inventors have found out that even in the case where the 
energy difference (AE) between the LUMO level and the 
HOMO level of the guest material 131 is larger than the 
energy difference (AE) between the LUMO level and the 
HOMO level of the host material 132, excitation energy 
transfer from an excited state of the host material 132 to the 
guest material 131 is possible and light emission can be 
obtained from the guest material 131 as long as light 
emission energy (abbreviation: AE) of the guest material 
131 or transition energy (abbreviation: AE) calculated 
from an absorption edge of an absorption spectrum of the 
guest material 131 is equivalent to or lower than AE. When 
AE of the guest material 131 is larger than the light 
emission energy (AE) of the guest material 131 or the 
transition energy (AE) calculated from the absorption 
edge of the absorption spectrum of the guest material 131, 
high electrical energy that corresponds to AE is necessary 
to directly cause electrical excitation of the guest material 
131 and thus the driving voltage of the light-emitting 
element is increased. However, in one embodiment of the 
present invention, the host material 132 is electrically 
excited with electrical energy that corresponds to AE (that 
is Smaller than AE), and the guest material 131 is brought 
into an excited State by energy transfer therefrom, so that 
light emission of the guest material 131 can be obtained with 
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low driving voltage and high efficiency. Therefore, the light 
emission start Voltage (a voltage at the time when the 
luminance exceeds 1 cd/m) of the light-emitting element of 
one embodiment of the present invention can be lower than 
the Voltage corresponding to the light emission energy 
(AE) of the guest material. That is, one embodiment of the 
present invention is useful particularly in the case where 
AE is significantly larger than the light emission energy 
(AE) of the guest material 131 or the transition energy 
(AE) calculated from the absorption edge of the absorp 
tion spectrum of the guest material 131 (for example, in the 
case where the guest material is a blue light-emitting mate 
rial). Note that the light emission energy (AE) can be 
derived from a wavelength of an emission peak (the maxi 
mum value, or including a shoulder) on the shortest wave 
length side or a wavelength of a rising portion of the 
emission spectrum. 
0145 Note that in the case where the guest material 131 
includes a heavy metal, interSystem crossing between a 
singlet State and a triplet state is promoted by spin-orbit 
interaction (interaction between spin angular momentum 
and orbital angular momentum of an electron), and transi 
tion between a singlet ground state and a triplet excited State 
of the guest material 131 is allowed in some cases. There 
fore, the emission efficiency and the absorption probability 
which relate to the transition between the singlet ground 
state and the triplet excited state of the guest material 131 
can be increased. Accordingly, the guest material 131 pref 
erably includes a metal element with large spin-orbit inter 
action, specifically a platinum group element (ruthenium 
(Ru), rhodium (Rh), palladium (Pd), osmium (Os), iridium 
(Ir), or platinum (Pt)). In particular, iridium is preferred 
because the absorption probability that relates to direct 
transition between a singlet ground state and a triplet excited 
state can be increased. 

0146 Note that the LUMO level of the guest material 131 
is preferably low so that the guest material 131 can have 
stable and high reliability; thus, a ligand coordinated to a 
heavy metal atom in the guest material 131 preferably has a 
low LUMO level and a high electron-accepting property. 
0147 Such a guest material tends to have a molecular 
structure having a low LUMO level and a high electron 
accepting property. When the guest material 131 has a 
molecular structure having a high electron-accepting prop 
erty, the LUMO level of the guest material 131 is sometimes 
lower than that of the host material 132. In addition, when 
AE is larger than AE, the HOMO level of the guest 
material 131 is lower than the HOMO level of the host 
material 132. Note that the energy difference between the 
HOMO level of the guest material 131 and the HOMO level 
of the host material 132 is larger than the energy difference 
between the LUMO level of the guest material 131 and the 
LUMO level of the host material 132. 

0148. Here, when the LUMO level of the guest material 
131 is lower than that of the host material 132 and the 
HOMO level of the guest material 131 is lower than that of 
the host material 132, among carriers (holes and electrons) 
injected from the pair of electrodes (the electrode 101 and 
the electrode 102), holes injected from the anode are easily 
injected to the host material 132 and electrons injected from 
the cathode are easily injected to the guest material 131 in 
the light-emitting layer 130. Therefore, the guest material 
131 and the host material 132 form an exciplex in some 
cases. Particularly when the energy difference (AE) 
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between the LUMO level of the guest material 131 and the 
HOMO level of the host material 132 becomes Smaller than 
the emission energy of the guest material 131 (AE), 
generation of exciplexes formed by the guest material 131 
and the host material 132 becomes predominant. In such a 
case, the guest material 131 itself is less likely to form an 
excited State, which decreases emission efficiency of the 
light-emitting element. 
0149. Note that the reactions described above can be 
expressed by General Formula (G11) or (G12). 

0150 General Formula (G11) represents a reaction in 
which the host material 132 accepts a hole (H) and the guest 
material 131 accepts an electron (G), whereby the host 
material 132 and the guest material 131 form an exciplex 
((H-G)). General Formula (G12) represents a reaction in 
which the guest material 131 (G*) in the excited state 
interacts with the host material 132 (H) in the ground state, 
whereby the host material 132 and the guest material 131 
form an exciplex (HG)). Formation of the exciplex ((H-G) 
*) by the host material 132 and the guest material 131 makes 
it difficult to form an excited state (G) of the guest material 
131 alone. 

0151. An exciplex formed by the host material 132 and 
the guest material 131 has excitation energy that approxi 
mately corresponds to the energy difference (AE) between 
the LUMO level of the guest material 131 and the HOMO 
level of the host material 132. The present inventors have 
found that when the energy difference (AE) between the 
LUMO level of the guest material 131 and the HOMO level 
of the host material 132 is larger than or equal to an emission 
energy (AE) of the guest material 131 or a transition 
energy (AE) calculated from the absorption edge of the 
absorption spectrum of the guest material 131, the reaction 
for forming an exciplex by the host material 132 and the 
guest material 131 can be inhibited and thus light emission 
from the guest material 131 can be obtained efficiently. At 
this time, because AE is Smaller than AE, the guest 
material 131 easily receives an excitation energy. Excitation 
of the guest material 131 by reception of the excitation 
energy needs lower energy and provides a more stable 
excitation state than formation of an exciplex by the host 
material 132 and the guest material 131. 
0152. As described above, even when the energy differ 
ence (AE) between the LUMO level and the HOMO level 
of the guest material 131 is larger than the energy difference 
(AE) between the LUMO level and the HOMO level of the 
host material 132, excitation energy transfers efficiently 
from the host material 132 in an excited state to the guest 
material 131 as long as transition energy (AE) calculated 
from the absorption edge of the absorption spectrum of the 
guest material 131 is equivalent to or Smaller than AE, AS 
a result, a light-emitting element with high emission effi 
ciency and low driving Voltage can be obtained, which is a 
feature of one embodiment of the present invention. In this 
case, the formula AEPAE2AE (AE is larger than AE 
and AE, is larger than or equal to AE) is satisfied. 
Therefore, the mechanism of one embodiment of the present 
invention is suitable in the case where the energy difference 
(AE) between the LUMO level and the HOMO level of the 
guest material 131 is larger than the transition energy 
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(AE) calculated from the absorption edge of the absorp 
tion spectrum of the guest material 131. 
0153 Specifically, the energy difference (AE) between 
the LUMO level and the HOMO level of the guest material 
131 is preferably larger than the transition energy (AE) 
calculated from the absorption edge of the absorption spec 
trum of the guest material 131 by 0.3 eV or more, more 
preferably larger than that by 0.4 eV or more. Since the light 
emission energy (AE) of the guest material 131 is equiva 
lent to or Smaller than AE, the energy difference (AE) 
between the LUMO level and the HOMO level of the guest 
material 131 is preferably larger than the light emission 
energy (AE) of the guest material 131 by 0.3 eV or more, 
more preferably larger than that by 0.4 eV or more. 
0154) Furthermore, when the LUMO level of the guest 
material 131 is lower than the LUMO level of the host 
material 132, it is preferable that the formula AEAE 
(AE, is larger than or equal to AE) or AE2AE (AE, is 
larger than or equal to AE) be satisfied. Therefore, it is 
preferable that the formula AEPAECAEAE (AE is 
larger than AE, AE, is larger than AE, and AE, is larger 
than or equal to AE) or the formula 
AEPAE, AE2AE (AE is larger than AE, AE is 
larger than AE, and AE is larger than or equal to AE) be 
satisfied. The above conditions are also important discov 
eries in one embodiment of the present invention. 
O155 The energy difference (AE) between the LUMO 
level and the HOMO level of the host material 132 is 
equivalent to or slightly larger than the singlet excitation 
energy level (S) of the host material 132. The singlet 
excitation energy level (S) of the host material 132 is 
higher than the triplet excitation energy level (T) of the host 
material 132. The triplet excitation energy level (T) of the 
host material 132 is higher than or equal to the triplet 
excitation energy level (T) of the guest material 131. 
Therefore, the formula AE, AESDT-T (AE is 
greater than AE, AE, is greater than or equal to S, S is 
higher than T, and T is higher than or equal to T.) is 
satisfied. Note that AT is equivalent to or slightly smaller 
than AE in the case where absorption that relates to the 
absorption edge of the absorption spectrum of the guest 
material 131 relates to transition between the singlet ground 
state and the triplet excited state of the guest material 131. 
Thus, in order to obtain AE larger than AE by at least 0.3 
eV, the energy difference between S and T is preferably 
Smaller than the energy difference between AE and AE. 
Specifically, the energy difference between S and T is 
preferably greater than 0 eV and less than or equal to 0.2 eV. 
more preferably greater than 0 eV and less than or equal to 
O.1 eV. 

0156. As an example of a material that has a small energy 
difference between the singlet excitation energy level and 
the triplet excitation energy level and is Suitably used as the 
host material 132, a thermally activated delayed fluorescent 
(TADF) material can be given. The thermally activated 
delayed fluorescent material has a small energy difference 
between the singlet excitation energy level and the triplet 
excitation energy level and a function of converting triplet 
excitation energy into singlet excitation energy by reverse 
intersystem crossing. Note that the host material 132 of one 
embodiment of the present invention need not necessarily 
have high reverse interSystem crossing efficiency from T to 
S. and high luminescence quantum yield from S, whereby 
materials can be selected from a wide range of options. 
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0157. In order to have a small difference between the 
singlet excitation energy level and the triplet excitation 
energy level, the host material 132 preferably includes a 
skeleton having a function of transporting holes (a hole 
transport property) and a skeleton having a function of 
transporting electrons (an electron-transport property). In 
this case, in the excited state of the host material 132, the 
skeleton having a hole-transport property includes the 
HOMO and the skeleton having an electron-transport prop 
erty includes the LUMO; thus, an overlap between the 
HOMO and the LUMO is extremely small. That is, a 
donor-acceptor excited State in a single molecule is easily 
formed, and the difference between the singlet excitation 
energy level and the triplet excitation energy level is Small. 
Note that in the host material 132, the difference between the 
singlet excitation energy level (S) and the triplet excitation 
energy level (T,) is preferably greater than 0 eV and less 
than or equal to 0.2 eV. 
0158. Note that a molecular orbital refers to spatial 
distribution of electrons in a molecule, and can show the 
probability of finding of electrons. In addition, with the 
molecular orbital, electron configuration of the molecule 
(spatial distribution and energy of electrons) can be 
described in detail. 

0159. In the case where the host material 132 includes a 
skeleton having a strong donor property, a hole that has been 
injected to the light-emitting layer 130 is easily injected to 
the host material 132 and easily transported. In the case 
where the host material 132 includes a skeleton having a 
strong acceptor property, an electron that has been injected 
to the light-emitting layer 130 is easily injected to the host 
material 132 and easily transported. Both holes and elec 
trons are preferably injected to the host material 132, in 
which case the excited state of the host material 132 is easily 
formed. 
0160 The shorter the emission wavelength of the guest 
material 131 is (the higher light emission energy AE, is), 
the larger the energy difference (AE) between the LUMO 
level and the HOMO level of the guest material 131 is, and 
accordingly, larger energy is needed for directly and elec 
trically exciting the guest material. However, in one embodi 
ment of the present invention, when the transition energy 
(AE) calculated from the absorption edge of the absorp 
tion spectrum of the guest material 131 is equivalent to or 
smaller than AE, the guest material 131 can be excited with 
energy as Small as AE, which is Smaller than AE, whereby 
the power consumption of the light-emitting element can be 
reduced. Therefore, the effect of the light emission mecha 
nism of one embodiment of the present invention is brought 
to the fore in the case where the energy difference between 
the transition energy (AE) calculated from the absorption 
edge of the absorption spectrum of the guest material 131 
and the energy difference (AE) between the LUMO level 
and the HOMO level of the guest material 131 is large (i.e., 
particularly in the case where the guest material is a blue 
light-emitting material). 
0.161. As the transition energy (AE) calculated from 
the absorption edge of the absorption spectrum of the guest 
material 131 decreases, the light emission energy (AE) of 
the guest material 131 also decreases. In that case, light 
emission that needs high energy, such as blue light emission, 
is difficult to obtain. That is, when a difference between 
AE, and AE is too large, high-energy light emission Such 
as blue light emission is obtained with difficulty. 
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0162 For these reasons, the energy difference (AE) 
between the LUMO level and the HOMO level of the guest 
material 131 is preferably larger than the transition energy 
(AE) calculated from the absorption edge of the absorp 
tion spectrum of the guest material 131 by 0.3 eV to 0.8 eV 
inclusive, more preferably by 0.4 eV to 0.8 eV inclusive, 
much more preferably by 0.5 eV to 0.8 eV inclusive. Since 
the light emission energy (AE) of the guest material 131 
is equivalent to or smaller than AE, the energy difference 
(AE) between the LUMO level and the HOMO level of the 
guest material 131 is preferably larger than the light emis 
sion energy (AE) of the guest material 131 by 0.3 eV to 
0.8 eV inclusive, more preferably larger than that by 0.4 eV 
to 0.8 eV inclusive, much more preferably larger than that by 
0.5 eV to 0.8 eV inclusive. 

0163. In addition, the guest material 131 serves as an 
electron trap in the light-emitting layer 130 because of its 
LUMO level lower than the LUMO level of the host material 
132. This is preferable because the carrier balance in the 
light-emitting layer can be easily controlled, leading to a 
longer lifetime. However, when the LUMO level of the 
guest material 131 is too low, the above-described AE 
becomes small. Therefore, the energy difference between the 
LUMO level of the guest material 131 and the LUMO level 
of the host material 132 is preferably greater than or equal 
to 0.05 eV and less than or equal to 0.4 eV. Furthermore, the 
energy difference between the HOMO level of the guest 
material 131 and the HOMO level of the host material 132 
is preferably 0.05 eV or more, more preferably 0.1 eV or 
more, much more preferably 0.2 eV or more, which is 
suitable for easy injection of hole carriers to the host 
material 132. 

0164. Furthermore, since the energy difference (AE) 
between the LUMO level and the HOMO level of the host 
material 132 is smaller than the energy difference (AE) 
between the LUMO level and the HOMO level of the guest 
material 131, an excited state formed by the host material 
132 is more energetically stable as an excited state formed 
by recombination of carriers (holes and electrons) injected to 
the light-emitting layer 130. Therefore, most of the excited 
states generated in the light-emitting layer 130 by direct 
combination of carriers exist as excited states formed by the 
host material 132. Accordingly, the structure of one embodi 
ment of the present invention facilitates excitation energy 
transfer from the host material 132 to the guest material 131, 
leading to lower driving Voltage of the light-emitting ele 
ment and higher emission efficiency. 
0.165 According to the above-described relation between 
the LUMO level and the HOMO level, a reduction potential 
of the guest material 131 is preferably higher than a reduc 
tion potential of the host material 132. Note that the oxida 
tion potential and the reduction potential can be measured by 
cyclic voltammetry (CV). 
0166 When the light-emitting layer 130 has the above 
described structure, light emission from the guest material 
131 of the light-emitting layer 130 can be obtained effi 
ciently. 

<Energy Transfer Mechanism 

0167 Next, factors controlling the processes of intermo 
lecular energy transfer between the host material 132 and the 
guest material 131 will be described. As mechanisms of the 
intermolecular energy transfer, two mechanisms, i.e., Forster 

Mar. 30, 2017 

mechanism (dipole-dipole interaction) and Dexter mecha 
nism (electron exchange interaction), have been proposed. 

<<FoRSter Mechanism--> 

0.168. In Forster mechanism, energy transfer does not 
require direct contact between molecules and energy is 
transferred through a resonant phenomenon of dipolar oscil 
lation between the host material 132 and the guest material 
131. By the resonant phenomenon of dipolar oscillation, the 
host material 132 provides energy to the guest material 131, 
and thus, the host material 132 in an excited state is brought 
to a ground state and the guest material 131 in a ground State 
is brought to an excited state. Note that the rate constant 
k, of Forster mechanism is expressed by Formula (1). 

Formula 1 
4 

9000c K?dlin10 ? Ji () (), 

(0169. In Formula (1), v denotes a frequency, f(v) 
denotes a normalized emission spectrum of the host material 
132 (a fluorescence spectrum in energy transfer from a 
singlet excited State, and a phosphorescence spectrum in 
energy transfer from a triplet excited state), e(v) denotes a 
molar absorption coefficient of the guest material 131, N 
denotes Avogadro's number, n denotes a refractive index of 
a medium, R denotes an intermolecular distance between the 
host material 132 and the guest material 131, t denotes a 
measured lifetime of an excited state (fluorescence lifetime 
or phosphorescence lifetime), c denotes the speed of light, (p 
denotes a luminescence quantum yield (a fluorescence quan 
tum yield in energy transfer from a singlet excited State, and 
a phosphorescence quantum yield in energy transfer from a 
triplet excited state), and K denotes a coefficient (0 to 4) of 
orientation of a transition dipole moment between the host 
material 132 and the guest material 131. Note that K=% in 
random orientation. 

<<Dexter Mechanism--> 

(0170. In Dexter mechanism, the host material 132 and the 
guest material 131 are close to a contact effective range 
where their orbitals overlap, and the host material 132 in an 
excited State and the guest material 131 in a ground state 
exchange their electrons, which leads to energy transfer. 
Note that the rate constant k, of Dexter mechanism is 
expressed by Formula (2). 

2Y-2 2R A w.x. A Formula 2 kh's g = ()K exp(- T?ii (velody 

0171 In Formula (2), h denotes a Planck constant, K 
denotes a constant having an energy dimension, v denotes a 
frequency, f(v) denotes a normalized emission spectrum of 
the host material 132 (a fluorescence spectrum in energy 
transfer from a singlet excited State, and a phosphorescence 
spectrum in energy transfer from a triplet excited State), 
e'(V) denotes a normalized absorption spectrum of the guest 
material 131, L denotes an effective molecular radius, and R 
denotes an intermolecular distance between the host material 
132 and the guest material 131. 
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0172 Here, the efficiency of energy transfer from the host 
material 132 to the guest material 131 (energy transfer 
efficiency (p) is expressed by Formula (3). In the formula, 
k, denotes a rate constant of a light-emission process (fluo 
rescence in energy transfer from a singlet excited State, and 
phosphorescence in energy transfer from a triplet excited 
state) of the host material 132, k, denotes a rate constant of 
a non-light-emission process (thermal deactivation or inter 
system crossing) of the host material 132, and T denotes a 
measured lifetime of an excited state of the host material 
132. 

d kh"-g kh"-g Formula 3 
ET . . . . . . . . . + k + khk-g (i)+k- 

0173 According to Formula (3), it is found that the 
energy transfer efficiency (p, can be increased by increasing 
the rate constant k, of energy transfer so that another 
competing rate constant k,+k(1?t) becomes relatively 
Small. 

<Concept for Promoting Energy Transferd 
0.174. In energy transfer by Forster mechanism, high 
energy transfer efficiency (p. is obtained when emission 
quantum yield (p (a fluorescence quantum yield in energy 
transfer from a singlet excited State, and a phosphorescence 
quantum yield in energy transfer from a triplet excited State) 
is high. Furthermore, it is preferable that the emission 
spectrum (the fluorescence spectrum in energy transfer from 
the singlet excited state) of the host material 132 largely 
overlap with the absorption spectrum (absorption corre 
sponding to the transition from the singlet ground state to the 
triplet excited state) of the guest material 131. Moreover, it 
is preferable that the molar absorption coefficient of the 
guest material 131 be also high. This means that the emis 
sion spectrum of the host material 132 overlaps with the 
absorption band of the absorption spectrum of the guest 
material 131 that is on the longest wavelength side. 
0.175. In energy transfer by Dexter mechanism, in order 
to make the rate constant k, large, it is preferable that the 
emission spectrum (a fluorescence spectrum in energy trans 
fer from a singlet excited State, and a phosphorescence 
spectrum in energy transfer from a triplet excited State) of 
the host material 132 largely overlap with the absorption 
spectrum (absorption corresponding to transition from a 
singlet ground state to a triplet excited State) of the guest 
material 131. Therefore, the energy transfer efficiency can be 
optimized by making the emission spectrum of the host 
material 132 overlap with the absorption band of the absorp 
tion spectrum of the guest material 131 that is on the longest 
wavelength side. 

Structure Example 2 of Light-Emitting Element 
0176) Next, a light-emitting element having a structure 
different from the structure illustrated in FIGS. 1A and 1B 
will be described below with reference to FIGS 3A and 3B. 
0177 FIG. 3A is a schematic cross-sectional view of a 
light-emitting element 152 of one embodiment of the present 
invention. In FIG. 3A, a portion having a function similar to 
that in FIG. 1A is represented by the same hatch pattern as 
in FIG. 1A and not especially denoted by a reference 
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numeral in some cases. In addition, common reference 
numerals are used for portions having similar functions, and 
a detailed description of the portions is omitted in some 
CaSCS. 

0.178 The light-emitting element 152 includes the pair of 
electrodes (the electrode 101 and the electrode 102) and the 
EL layer 100 between the pair of electrodes. The EL layer 
100 includes at least a light-emitting layer 135. 
0.179 FIG. 3B is a schematic cross-sectional view illus 
trating an example of the light-emitting layer 135 in FIG. 
3A. The light-emitting layer 135 in FIG. 3B includes at least 
the guest material 131, the host material 132, and a host 
material 133. 
0180. In the light-emitting layer 135, the host material 
132 or the host material 133 is present in the largest 
proportion by weight, and the guest material 131 is dispersed 
in the host material 132 and the host material 133. 

<Light Emission Mechanism 2 of Light-Emitting Element> 
0181. Next, the light emission mechanism of the light 
emitting layer 135 is described. 
0182 Also in the light-emitting element 152 of one 
embodiment of the present invention, by recombination of 
electrons and holes injected from the pair of electrodes (the 
electrode 101 and the electrode 102), the guest material 131 
in the light-emitting layer 135 of the EL layer 100 is brought 
into an excited State to provide light emission. 
0183) Note that light emission from the guest material 
131 can be obtained through the following two processes: 
0.184 (C) direct recombination process; and 
0185 (B) energy transfer process. 
0186 Note that the direct recombination process (C.) is 
not described here because it is similar to the direct recom 
bination process in the description of the light emission 
mechanism of the light-emitting layer 130. 

<(B) Energy Transfer Process>> 
0187. In order to describe the energy transfer process of 
the host material 132, the host material 133, and the guest 
material 131, a schematic diagram illustrating the correla 
tion of energy levels is shown in FIG. 4A. The following 
explain what terms and signs in FIG. 4A represent, and the 
other terms and signs in FIG. 4A are similar to those in FIG. 
2A. 

0188 Host (133): the host material 133; 
(0189 S: an S1 level of the host material 133; and 
(0190. T: a T1 level of the host material 133. 
(0191 In the case where carriers are recombined in the 
host material 132 and the singlet excited state and the triplet 
excited state of the host material 132 are formed, as shown 
in Route E and Route E in FIG. 4A, both of the singlet 
excitation energy and the triplet excitation energy of the host 
material 132 are transferred from the singlet excitation 
energy level (S) and the triplet excitation energy level (T) 
of the host material 132 to the triplet excitation energy level 
(T) of the guest material 131, and the guest material 131 is 
brought into a triplet excited state. Phosphorescence is 
obtained from the guest material 131 in the triplet excited 
State. 

0.192 Note that in order to transfer excitation energy 
from the host material 132 to the guest material 131 effi 
ciently, the triplet excitation energy level (T) of the host 
material 133 is preferably higher than the triplet excitation 



US 2017/0092889 A1 

energy level (T) of the host material 132. Thus, quenching 
of the triplet excitation energy of the host material 132 is less 
likely to occur, which causes efficient energy transfer to the 
guest material 131. 
(0193 When the LUMO level of the guest material 131 is 
lower than the LUMO level of the host material 132 as 
shown in an energy band diagram in FIG. 4B, it is preferable 
that the energy difference (AE) between the LUMO level 
and the HOMO level of the guest material 131 be larger than 
the energy difference (AE) between the LUMO level and 
the HOMO level of the host material 132 and that AE be 
larger than the energy difference (AE) between the LUMO 
level of the guest material 131 and the HOMO level of the 
host material 132, as described in Light emission mecha 
nism 1 of light-emitting element. 
(0194 It is preferable that the HOMO level of the host 
material 133 be lower than the HOMO level of the host 
material 132 and that the LUMO level of the host material 
133 be higher than the LUMO level of the guest material 
131. That is, the energy difference between the LUMO level 
and the HOMO level of the host material 133 is larger than 
the energy difference (AE) between the LUMO level of the 
guest material 131 and the HOMO level of the host material 
132. Thus, the reaction for forming an exciplex by the host 
material 133 and the host material 132 and the reaction for 
forming an exciplex by the host material 133 and the guest 
material 131 can be inhibited. In FIG. 4B, “Host (133) 
represents the host material 133, and the other terms and 
signs are similar to those in FIG. 2B. 
(0195 Note that the difference between the HOMO level 
of the host material 133 and the HOMO level of the host 
material 132 and the difference between the LUMO level of 
the host material 133 and the LUMO level of the guest 
material 131 are each preferably greater than or equal to 0.1 
eV. more preferably greater than or equal to 0.2 eV. The 
energy difference is Suitable because electron carriers and 
hole carriers injected from the pair of electrodes (the elec 
trode 101 and the electrode 102) are easily injected to the 
guest material 131 and the host material 132, respectively. 
0196. Note that the HOMO level of the host material 133 
may be either higher or lower than the HOMO level of the 
guest material 131, and the LUMO level of the host material 
133 may be either higher or lower than the LUMO level of 
the host material 132. 

(0197) Furthermore, the energy difference between the 
LUMO level and the HOMO level of the host material 133 
is preferably larger than the energy difference (AE) 
between the LUMO level and the HOMO level of the host 
material 132. In that case, since the energy difference (AE) 
between the LUMO level and the HOMO level of the host 
material 132 is smaller than the energy difference (AE) 
between the LUMO level and the HOMO level of the guest 
material 131, as an excited state formed by recombination of 
carriers (holes and electrons) injected to the light-emitting 
layer 135, an excited state formed by the host material 132 
is more energetically stable than an excited State formed by 
the host material 133 and an excited state formed by the 
guest material 131. Therefore, most of the excited states 
generated in the light-emitting layer 135 by recombination 
of carriers exist as excited states formed by the host material 
132. Thus, in the light-emitting layer 135, excitation energy 
transfer from an excited state of the host material 132 to the 
guest material 131 occurs easily as in the structure of the 
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light-emitting layer 130, so that the light-emitting element 
152 can be driven with low driving voltage and high 
emission efficiency. 
0198 Even in the case where holes and electrons are 
recombined in the host material 133 and an excited state is 
formed by the host material 133, excitation energy of the 
host material 133 can be immediately transferred to the host 
material 132 when the energy difference between the LUMO 
level and the HOMO level of the host material 133 is larger 
than the energy difference between the LUMO level and the 
HOMO level of the host material 132. Then, the excitation 
energy is transferred to the guest material 131 through a 
process similar to that in the description of the light emission 
mechanism of the light-emitting layer 130, whereby light 
emission from the guest material 131 can be obtained. Note 
that when the possibility that holes and electrons are recom 
bined also in the host material 133 is taken into consider 
ation, the host material 133 is preferably a material having 
a small energy difference between the singlet excitation 
energy level and the triplet excitation energy level, particu 
larly preferably a thermally activated delayed fluorescent 
material, like the host material 132. 
0199. In order to obtain light emission from the guest 
material 131 efficiently, it is preferable that the singlet 
excitation energy level (S) of the host material 133 be 
higher than or equal to the singlet excitation energy level 
(S) of the host material 132 and that the triplet excitation 
energy level (T) of the host material 133 be higher than or 
equal to the triplet excitation energy level (T) of the host 
material 132. 
0200. According to the above-described relations 
between the LUMO levels and the HOMO levels, it is 
preferable that an oxidation potential of the host material 
133 be higher than an oxidation potential of the host material 
132 and that a reduction potential of the host material 133 be 
lower than the reduction potential of the guest material 131. 
0201 In the case where the combination of the host 
material 132 and the host material 133 is a combination of 
a material having a function of transporting holes and a 
material having a function of transporting electrons, the 
carrier balance can be easily controlled depending on the 
mixture ratio. Specifically, the ratio of the material having a 
function of transporting holes to the material having a 
function of transporting electrons is preferably within a 
range of 1:9 to 9:1 (weight ratio). Since the carrier balance 
can be easily controlled with the structure, a carrier recom 
bination region can also be controlled easily. 
0202. When the light-emitting layer 135 has the above 
described structure, light emission from the guest material 
131 of the light-emitting layer 135 can be obtained effi 
ciently. 

<Material 

0203) Next, components of a light-emitting element of 
one embodiment of the present invention are described in 
detail below. 

<Light-Emitting Layers> 

0204. In the light-emitting layer 130 and the light-emit 
ting layer 135, the weight percentage of the host material 
132 is higher than that of at least the guest material 131, and 
the guest material 131 (the phosphorescent material) is 
dispersed in the host material 132. 
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<<Host Material 132D-> 

0205 The energy difference between the S1 level and the 
T1 level of the host material 132 is preferably small, and 
specifically, greater than 0 eV and less than or equal to 0.2 
eV. 
0206. The host material 132 preferably includes a skel 
eton having a hole-transport property and a skeleton having 
an electron-transport property. Alternatively, the host mate 
rial 132 preferably includes a L-electron deficient heteroaro 
matic ring skeleton and one of a t-electron rich heteroaro 
matic ring skeleton and an aromatic amine skeleton. Thus, a 
donor-acceptor excited State is easily formed in a molecule. 
Furthermore, to increase both the donor property and the 
acceptor property in the molecule of the host material 132, 
a structure where the skeleton having an electron-transport 
property and the skeleton having a hole-transport property 
are directly bonded to each other is preferably included. 
Alternatively, it is preferable that a structure where a t-elec 
tron deficient heteroaromatic ring skeleton is directly 
bonded to one of a t-electron rich heteroaromatic ring 
skeleton and an aromatic amine skeleton be included. By 
increasing both the donor property and the acceptor property 
in the molecule, an overlap between a region where the 
HOMO is distributed and a region where the LUMO is 
distributed in the host material 132 can be small, and the 
energy difference between the singlet excitation energy level 
and the triplet excitation energy level of the host material 
132 can be small. Moreover, the triplet excitation energy 
level of the host material 132 can be kept high. 
0207 As an example of the material in which the energy 
difference between the triplet excitation energy level and the 
singlet excitation energy level is Small, a thermally activated 
delayed fluorescent material can be given. Note that a 
thermally activated delayed fluorescent material has a func 
tion of converting triplet excited energy into singlet excited 
energy by reverse interSystem crossing because of having a 
small difference between the triplet excited energy level and 
the singlet excited energy level. Thus, the TADF material 
can up-convert a triplet excited State into a singlet excited 
state (i.e., reverse interSystem crossing is possible) using a 
little thermal energy and efficiently exhibit light emission 
(fluorescence) from the singlet excited state. The TADF 
material is efficiently obtained under the condition where the 
difference between the triplet excited energy level and the 
singlet excited energy level is preferably larger than 0 eV 
and smaller than or equal to 0.2 eV, more preferably larger 
than 0 eV and smaller than or equal to 0.1 eV. 
0208. In the case where the TADF material is composed 
of one kind of material, any of the following materials can 
be used, for example. 
0209 First, a fullerene, a derivative thereof, an acridine 
derivative such as proflavine, eosin, and the like can be 
given. Furthermore, a metal-containing porphyrin, such as a 
porphyrin containing magnesium (Mg), Zinc (Zn), cadmium 
(Cd), tin (Sn), platinum (Pt), indium (In), or palladium (Pd), 
can be given. Examples of the metal-containing porphyrin 
include a protoporphyrin-tin fluoride complex (SnF(Proto 
IX)), a mesoporphyrin-tin fluoride complex (SnF(Meso 
IX)), a hematoporphyrin-tin fluoride complex (SnF(He 
mato IX)), a coproporphyrin tetramethyl ester-tin fluoride 
complex (SnF(Copro III-4Me)), an octaethylporphyrin-tin 
fluoride complex (SnF(OEP)), an etioporphyrin-tin fluoride 
complex (SnF(Etio I)), and an octaethylporphyrin-platinum 
chloride complex (PtCbOEP). 
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0210. As the TADF material composed of one kind of 
material, a heterocyclic compound including a t-electron 
rich heteroaromatic ring and a t-electron deficient het 
eroaromatic ring can also be used. Specifically, 2-(biphenyl 
4-yl)-4,6-bis(12-phenylindolo2,3-acarbazol-11-yl)-1,3,5- 
triazine (abbreviation: PIC-TRZ). 2-4-3-(N-phenyl-9H 
carbazol-3-yl)-9H-carbazol-9-yl)phenyl-4,6-diphenyl-1,3, 
5-triazine (abbreviation: PCCzPTZn), 2-4-(1 
OH-phenoxazin-10-yl)phenyl-4,6-diphenyl-1,3,5-triazine 
(abbreviation: PXZ-TRZ), 3-4-(5-phenyl-5,10-dihydro 
phenazin-10-yl)phenyl-4,5-diphenyl-1,2,4-triazole (abbre 
viation: PPZ-3TPT), 3-(9,9-dimethyl-9H-acridin-10-yl)-9H 
xanthen-9-one (abbreviation: ACRXTN), bis4-(9.9- 
dimethyl-9,10-dihydroacridine)phenylsulfone 
(abbreviation: DMAC-DPS), or 10-phenyl-10H,10H-spiro 
acridin-9.9'-anthracen -10'-one (abbreviation: ACRSA) can 
be used. The heterocyclic compound is preferably used 
because of having the L-electron rich heteroaromatic ring 
and the L-electron deficient heteroaromatic ring, for which 
the electron-transport property and the hole-transport prop 
erty are high. Among skeletons having the L-electron defi 
cient heteroaromatic ring, a diazine skeleton (a pyrimidine 
skeleton, a pyrazine skeleton, or a pyridazine skeleton) and 
a triazine skeleton have high stability and high reliability 
and are particularly preferable. Among skeletons having the 
JL-electron rich heteroaromatic ring, an acridine skeleton, a 
phenoxazine skeleton, a phenothiazine skeleton, a furan 
skeleton, a thiophene skeleton, and a pyrrole skeleton have 
high stability and high reliability; therefore, at least one of 
these skeletons are preferably included. As the furan skel 
eton, a dibenzofuran skeleton is preferable. As the thiophene 
skeleton, a dibenzothiophene skeleton is preferable. As the 
pyrrole skeleton, an indole skeleton, a carbazole skeleton, or 
a 9-phenyl-3,3'-bi-9H-carbazole skeleton is particularly pre 
ferred. Note that a substance in which the L-electron rich 
heteroaromatic ring is directly bonded to the L-electron 
deficient heteroaromatic ring is particularly preferably used 
because the donor property of the L-electron rich heteroaro 
matic ring and the acceptor property of the L-electron 
deficient heteroaromatic ring are both increased and the 
difference between the level of the singlet excited state and 
the level of the triplet excited state becomes small. Note that 
an aromatic ring to which an electron-withdrawing group 
Such as a cyano group is bonded may be used instead of the 
JL-electron deficient heteroaromatic ring. 
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0211. Among skeletons having the L-electron deficient 
heteroaromatic ring, a condensed heterocyclic skeleton hav 
ing a diazine skeleton is preferable because of having higher 
stability and higher reliability, and a benzofuropyrimidine 
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skeleton and a benzothienopyrimidine skeleton are particu 
larly preferable because of having a higher acceptor prop 
erty. As the benzofuropyrimidine skeleton, for example, a 
benzofuro3,2-dpyrimidine skeleton is given. As the ben 
Zothienopyrimidine skeleton, for example, a benzothieno3. 
2-dipyrimidine skeleton is given. 
0212. Among skeletons having the L-electron rich het 
eroaromatic ring, a bicarbazole skeleton is preferable 
because of having high excitation energy, high Stability, and 
high reliability. As the bicarbazole skeleton, for example, a 
bicarbazole skeleton in which any of the 2- to 4-positions of 
a carbazolyl group is bonded to any of the 2- to 4-positions 
of another carbazolyl group is particularly preferable 
because of having a high donor property. As such a bicar 
bazole skeleton, for example, 2,2'-bi-9H-carbazole skeleton, 
3,3'-bi-9H-carbazole skeleton, 4,4'-bi-9H-carbazole skel 
eton, 2,3'-bi-9H-carbazole skeleton, 2,4'-bi-9H-carbazole 
skeleton, 3,4'-bi-9H-carbazole skeleton, and the like are 
given. 
0213. In view of increasing a band gap and a triplet 
excitation energy, a compound in which the 9-position of 
one of the carbazolyl groups in the bicarbazole skeleton is 
directly bonded to the benzofuropyrimidine skeleton or the 
benzothienopyrimidine skeleton is preferable. In the case 
where the bicarbazole skeleton is directly bonded to the 
benzofuropyrimidine skeleton or the benzothienopyrimidine 
skeleton, a relatively low molecular compound is formed, 
and therefore, a structure that is Suitable for vacuum evapo 
ration (a structure that can be formed by vacuum evapora 
tion at a relatively low temperature) is obtained, which is 
preferable. In general, a lower molecular weight tends to 
reduce heat resistance after film formation. However, 
because of high rigidity of the benzofuropyrimidine skel 
eton, the benzothienopyrimidine skeleton, and the bicarba 
Zole skeleton, a compound including the skeleton can have 
sufficient heat resistance even with a relatively low molecu 
lar weight. The structure is preferable because a band gap 
and an excitation energy level are increased. 
0214. In the case where the bicarbazole skeleton is 
bonded to the benzofuropyrimidine skeleton or the benzo 
thienopyrimidine skeleton through an arylene group having 
6 to 25 carbon atoms, preferably 6 to 13 carbon atoms, the 
band gap is kept wide and the triplet excitation energy can 
be kept high. Moreover, a relatively low molecular com 
pound is formed, and therefore, a structure that is suitable for 
vacuum evaporation (a structure that can be formed by 
vacuum evaporation at a relatively low temperature) is 
obtained. 

0215. In the case where a bicarbazole skeleton is bonded, 
directly or through an arylene group, to a benzofuro3,2-d 
pyrimidine skeleton or a benzothieno 3.2-dpyrimidine skel 
eton, preferably the 4-position of the benzofuro3,2-dpy 
rimidine skeleton or the benzothieno3,2-dipyrimidine 
skeleton in a compound, the compound has a high carrier 
transport property. Accordingly, a light-emitting element 
using the compound can be driven at a low Voltage. 

Compound Example 1 

0216. The above-described compound that is preferably 
used in a light-emitting element of one embodiment of the 
present invention is a compound represented by General 
Formula (GO). 
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Chemical Formula 5 

(GO) 

e V R 14 

0217. In General Formula (GO). A represents a substi 
tuted or unsubstituted benzofuropyrimidine skeleton or a 
substituted or unsubstituted benzothienopyrimidine skel 
eton. In the case where the benzofuropyrimidine skeleton or 
the benzothienopyrimidine skeleton has a Substituent, as the 
Substituent, an alkyl group having 1 to 6 carbon atoms, a 
cycloalkyl group having 3 to 7 carbon atoms, or a Substituted 
or unsubstituted aryl group having 6 to 13 carbon atoms can 
also be selected. Specific examples of the alkyl group having 
1 to 6 carbon atoms include a methyl group, an ethyl group, 
a propyl group, an isopropyl group, a butyl group, an 
isobutyl group, a tert-butyl group, an n-hexyl group, and the 
like. Specific examples of a cycloalkyl group having 3 to 7 
carbon atoms include a cyclopropyl group, a cyclobutyl 
group, a cyclopentyl group, a cyclohexyl group, and the like. 
Specific examples of the aryl group having 6 to 13 carbon 
atoms include a phenyl group, a naphthyl group, a biphenyl 
group, a fluorenyl group, and the like. 
0218. Further, each of R' to R' independently represents 
any of hydrogen, a Substituted or unsubstituted alkyl group 
having 1 to 6 carbon atoms, a Substituted or unsubstituted 
cycloalkyl group having 3 to 7 carbon atoms, and a Substi 
tuted or unsubstituted aryl group having 6 to 13 carbon 
atoms. Specific examples of the alkyl group having 1 to 6 
carbon atoms include a methyl group, an ethyl group, a 
propyl group, an isopropyl group, a butyl group, an isobutyl 
group, a tert-butyl group, an n-hexyl group, and the like. 
Specific examples of a cycloalkyl group having 3 to 7 carbon 
atoms include a cyclopropyl group, a cyclobutyl group, a 
cyclopentyl group, a cyclohexyl group, and the like. Specific 
examples of the aryl group having 6 to 13 carbon atoms 
include a phenyl group, a naphthyl group, a biphenyl group, 
a fluorenyl group, and the like. The above alkyl group, 
cycloalkyl group, and aryl group may include one or more 
substituents, and the substituents may be bonded to each 
other to form a ring. As the Substituent, an alkyl group 
having 1 to 6 carbon atoms, a cycloalkyl group having 3 to 
7 carbon atoms, or an aryl group having 6 to 13 carbon 
atoms can also be selected. Specific examples of the alkyl 
group having 1 to 6 carbon atoms include a methyl group, 
an ethyl group, a propyl group, an isopropyl group, a butyl 
group, an isobutyl group, a tert-butyl group, an n-hexyl 
group, and the like. Specific examples of a cycloalkyl group 
having 3 to 7 carbon atoms include a cyclopropyl group, a 
cyclobutyl group, a cyclopentyl group, a cyclohexyl group, 
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and the like. Specific examples of the aryl group having 6 to 
13 carbon atoms include a phenyl group, a naphthyl group, 
a biphenyl group, a fluorenyl group, and the like. 
(0219. Further, Ar' represents an arylene group having 6 
to 25 carbon atoms or a single bond. The arylene group may 
include one or more substituents and the substituents may be 
bonded to each other to form a ring. For example, a carbon 
atom at the 9-position in a fluorenyl group has two phenyl 
groups as substituents and the phenyl groups are bonded to 
form a spirofluorene skeleton. Specific examples of the 
arylene group having 6 to 25 carbon atoms include a 
phenylene group, a naphthylene group, a biphenyldiyl 
group, a fluorenediyl group, and the like. In the case where 
the arylene group has a substituent, as the substituent, an 
alkyl group having 1 to 6 carbon atoms, a cycloalkyl group 
having 3 to 7 carbon atoms, or an aryl group having 6 to 13 
carbon atoms can also be selected. Specific examples of the 
alkyl group having 1 to 6 carbon atoms include a methyl 
group, an ethyl group, a propyl group, an isopropyl group. 
a butyl group, an isobutyl group, a tert-butyl group, an 
n-hexyl group, and the like. Specific examples of a 
cycloalkyl group having 3 to 7 carbon atoms include a 
cyclopropyl group, a cyclobutyl group, a cyclopentyl group, 
a cyclohexyl group, and the like. Specific examples of the 
aryl group having 6 to 13 carbon atoms include a phenyl 
group, a naphthyl group, a biphenyl group, a fluorenyl 
group, and the like. 
0220. In the compound represented by General Formula 
(G0), the benzofuropyrimidine skeleton is preferably a ben 
Zofuro3,2-dipyrimidine skeleton, and the benzothienopy 
rimidine skeleton is preferably a benzothieno 3,2-dipyrimi 
dine skeleton. 

0221) The compound represented by General Formula 
(GO) in which the 9-position of one of the carbazolyl groups 
in the bicarbazole skeleton is bonded, directly or through the 
arylene group, to the 4-position of the benzofuro3,2-d 
pyrimidine skeleton or the benzothieno3,2-dipyrimidine 
skeleton has a high donor property, a high acceptor property, 
and a wide band gap, and therefore can suitably be used in 
a light-emitting element that emits light with high energy 
such as blue light, which is preferable. The above-described 
compound is a compound represented by General Formula 
(G1). 

Chemical Formula 6 
(G1) 

R19 
R20 

RS R2 
R3 

I 
R17 Q R 

R4 
W N \ Arl-N 

)=N 
R 16 
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0222 
sulfur. 

10223) Further, each of R' to R' independently represents 
any of hydrogen, a substituted or unsubstituted alkyl group 
having 1 to 6 carbon atoms, a substituted or unsubstituted 
cycloalkyl group having 3 to 7 carbon atoms, and a substi 
tuted or unsubstituted aryl group having 6 to 13 carbon 
atoms. Specific examples of the alkyl group having 1 to 6 
carbon atoms include a methyl group, an ethyl group, a 
propyl group, an isopropyl group, a butyl group, an isobutyl 
group, a tert-butyl group, an n-hexyl group, and the like. 
Specific examples of a cycloalkyl group having 3 to 7 carbon 
atoms include a cyclopropyl group, a cyclobutyl group, a 
cyclopentyl group, a cyclohexyl group, and the like. Specific 
examples of the aryl group having 6 to 13 carbon atoms 
include a phenyl group, a naphthyl group, a biphenyl group, 
a fluorenyl group, and the like. The above alkyl group, 
cycloalkyl group, and aryl group may include one or more 
Substituents, and the substituents may be bonded to each 
other to form a ring. As the substituent, an alkyl group 
having 1 to 6 carbon atoms, a cycloalkyl group having 3 to 
7 carbon atoms, or an aryl group having 6 to 13 carbon 
atoms can also be selected. Specific examples of the alkyl 
group having 1 to 6 carbon atoms include a methyl group. 
an ethyl group, a propyl group, an isopropyl group, a butyl 
group, an isobutyl group, a tert-butyl group, an n-hexyl 
group, and the like. Specific examples of a cycloalkyl group 
having 3 to 7 carbon atoms include a cyclopropyl group, a 
cyclobutyl group, a cyclopentyl group, a cyclohexyl group, 
and the like. Specific examples of the aryl group having 6 to 
13 carbon atoms include a phenyl group, a naphthyl group, 
a biphenyl group, a fluorenyl group, and the like. 
10224) Further, Ar' represents an arylene group having 6 
to 25 carbon atoms or a single bond. The arylene group may 
include one or more substituents and the substituents may be 
bonded to each other to form a ring. For example, a carbon 
atom at the 9-position in a fluorenyl group has two phenyl 
groups as substituents and the phenyl groups are bonded to 
form a spirofluorene skeleton. Specific examples of the 
arylene group having 6 to 25 carbon atoms include a 
phenylene group, a naphthylene group, a biphenyldiyl 
group, a fluorenediyl group, and the like. In the case where 
the arylene group has a substituent, as the substituent, an 
alkyl group having 1 to 6 carbon atoms, a cycloalkyl group 
having 3 to 7 carbon atoms, or an aryl group having 6 to 13 
carbon atoms can also be selected. Specific examples of the 
alkyl group having 1 to 6 carbon atoms include a methyl 
group, an ethyl group, a propyl group, an isopropyl group. 
a butyl group, an isobutyl group, a tert-butyl group, an 
n-hexyl group, and the like. Specific examples of a 
cycloalkyl group having 3 to 7 carbon atoms include a 
cyclopropyl group, a cyclobutyl group, a cyclopentyl group, 
a cyclohexyl group, and the like. Specific examples of the 
aryl group having 6 to 13 carbon atoms include a phenyl 
group, a naphthyl group, a biphenyl group, a fluorenyl 
group, and the like. 
0225. The compound represented by General Formula 
(G1) in which the bicarbazole skeleton is a 3,3'-bi-9H 
carbazole skeleton and the 9-position of one of the carba 
zolyl groups in the bicarbazole skeleton is bonded, directly 
or through the arylene group, to the 4-position of the 
benzofuro3,2-dipyrimidine skeleton or the benzothieno3, 
2-dipyrimidine skeleton has a high carrier-transport property 
and a light-emitting element including the compound can be 

In General Formula (G1), Q represents oxygen or 
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driven at a low voltage, which is preferable. The above 
described compound is a compound represented by General 
Formula (G2). 

Chemical Formula 7 

(G2) 

RS 

R17 

0226. In General Formula (G2), Q represents oxygen or 
sulfur. 

0227 Further, each of R' to R' independently represents 
any of hydrogen, a Substituted or unsubstituted alkyl group 
having 1 to 6 carbon atoms, a Substituted or unsubstituted 
cycloalkyl group having 3 to 7 carbon atoms, and a Substi 
tuted or unsubstituted aryl group having 6 to 13 carbon 
atoms. Specific examples of the alkyl group having 1 to 6 
carbon atoms include a methyl group, an ethyl group, a 
propyl group, an isopropyl group, a butyl group, an isobutyl 
group, a tert-butyl group, an n-hexyl group, and the like. 
Specific examples of a cycloalkyl group having 3 to 7 carbon 
atoms include a cyclopropyl group, a cyclobutyl group, a 
cyclopentyl group, a cyclohexyl group, and the like. Specific 
examples of the aryl group having 6 to 13 carbon atoms 
include a phenyl group, a naphthyl group, a biphenyl group, 
a fluorenyl group, and the like. The above alkyl group, 
cycloalkyl group, and aryl group may include one or more 
substituents, and the substituents may be bonded to each 
other to form a ring. As the Substituent, an alkyl group 
having 1 to 6 carbon atoms, a cycloalkyl group having 3 to 
7 carbon atoms, or an aryl group having 6 to 13 carbon 
atoms can also be selected. Specific examples of the alkyl 
group having 1 to 6 carbon atoms include a methyl group, 
an ethyl group, a propyl group, an isopropyl group, a butyl 
group, an isobutyl group, a tert-butyl group, an n-hexyl 
group, and the like. Specific examples of a cycloalkyl group 
having 3 to 7 carbon atoms include a cyclopropyl group, a 
cyclobutyl group, a cyclopentyl group, a cyclohexyl group, 
and the like. Specific examples of the aryl group having 6 to 
13 carbon atoms include a phenyl group, a naphthyl group, 
a biphenyl group, a fluorenyl group, and the like. 

Mar. 30, 2017 

(0228. Furthermore, Ar' represents an arylene group hav 
ing 6 to 25 carbon atoms or a single bond. The arylene group 
may include one or more substituents and the Substituents 
may be bonded to each other to form a ring. For example, a 
carbon atom at the 9-position in a fluorenyl group has two 
phenyl groups as Substituents and the phenyl groups are 
bonded to form a spirofluorene skeleton. Specific examples 
of the arylene group having 6 to 13 carbon atoms include a 
phenylene group, a naphthylene group, a biphenyldiyl 
group, a fluorenediyl group, and the like. In the case where 
the arylene group has a Substituent, as the Substituent, an 
alkyl group having 1 to 6 carbon atoms, a cycloalkyl group 
having 3 to 7 carbon atoms, or an aryl group having 6 to 13 
carbon atoms can also be selected. Specific examples of the 
alkyl group having 1 to 6 carbon atoms include a methyl 
group, an ethyl group, a propyl group, an isopropyl group. 
a butyl group, an isobutyl group, a tert-butyl group, an 
n-hexyl group, and the like. Specific examples of a 
cycloalkyl group having 3 to 7 carbon atoms include a 
cyclopropyl group, a cyclobutyl group, a cyclopentyl group, 
a cyclohexyl group, and the like. Specific examples of the 
aryl group having 6 to 13 carbon atoms include a phenyl 
group, a naphthyl group, a biphenyl group, a fluorenyl 
group, and the like. 
0229. In the case where the bicarbazole skeleton is 
directly bonded to the benzofuropyrimidine skeleton or the 
benzothienopyrimidine skeleton in the compound repre 
sented by General Formula (G1) or (G2), the compound has 
a wider bandgap and can be synthesized with higher purity, 
which is preferable. Because the compound has an excellent 
carrier-transport property, a light-emitting element including 
the compound can be driven at a low Voltage, which is 
preferable. 
0230. In the case where each of R' to R'' and R' to R' 
represents hydrogen in General Formula (G1) or (G2), the 
compound is advantageous in terms of easiness of synthesis 
and material cost and has a relatively low molecular weight 
to be suitable for vacuum evaporation, which is particularly 
preferable. The compound is a compound represented by 
General Formula (G3) or (G4). 

Chemical Formula 8 

(G3) 

0231. In General Formula (G3), Q represents oxygen or 
sulfur. 

0232 Further, R' represents any of hydrogen, a substi 
tuted or unsubstituted alkyl group having 1 to 6 carbon 
atoms, a Substituted or unsubstituted cycloalkyl group hav 
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ing 3 to 7 carbon atoms, and a substituted or unsubstituted 
aryl group having 6 to 13 carbon atoms. 
0233 
carbon atoms include a methyl group, an ethyl group, a 

Specific examples of the alkyl group having 1 to 6 

propyl group, an isopropyl group, a butyl group, an isobutyl 
group, a tert-butyl group, an n-hexyl group, and the like. 
Specific examples of a cycloalkyl group having 3 to 7 carbon 
atoms include a cyclopropyl group, a cyclobutyl group, a 
cyclopentyl group, a cyclohexyl group, and the like. Specific 
examples of the aryl group having 6 to 13 carbon atoms 
include a phenyl group, a naphthyl group, a biphenyl group, 
a fluorenyl group, and the like. The above alkyl group, 
cycloalkyl group, and aryl group may include one or more 
substituents, and the substituents may be bonded to each 
other to form a ring. As the Substituent, an alkyl group 
having 1 to 6 carbon atoms, a cycloalkyl group having 3 to 
7 carbon atoms, or an aryl group having 6 to 13 carbon 
atoms can also be selected. Specific examples of the alkyl 
group having 1 to 6 carbon atoms include a methyl group, 
an ethyl group, a propyl group, an isopropyl group, a butyl 
group, an isobutyl group, a tert-butyl group, an n-hexyl 
group, and the like. Specific examples of a cycloalkyl group 
having 3 to 7 carbon atoms include a cyclopropyl group, a 
cyclobutyl group, a cyclopentyl group, a cyclohexyl group, 
and the like. Specific examples of the aryl group having 6 to 
13 carbon atoms include a phenyl group, a naphthyl group, 
a biphenyl group, a fluorenyl group, and the like. 

0234 
ing 6 to 25 carbon atoms or a single bond. The arylene group 

Furthermore, Ar' represents an arylene group hav 

may include one or more substituents and the Substituents 
may be bonded to each other to form a ring. For example, a 
carbon atom at the 9-position in a fluorenyl group has two 
phenyl groups as Substituents and the phenyl groups are 
bonded to form a spirofluorene skeleton. Specific examples 
of the arylene group having 6 to 25 carbon atoms include a 
phenylene group, a naphthylene group, a biphenyldiyl 
group, a fluorenediyl group, and the like. In the case where 
the arylene group has a Substituent, as the Substituent, an 
alkyl group having 1 to 6 carbon atoms, a cycloalkyl group 
having 3 to 7 carbon atoms, or an aryl group having 6 to 13 
carbon atoms can also be selected. Specific examples of the 
alkyl group having 1 to 6 carbon atoms include a methyl 
group, an ethyl group, a propyl group, an isopropyl group. 
a butyl group, an isobutyl group, a tert-butyl group, an 
n-hexyl group, and the like. Specific examples of a 
cycloalkyl group having 3 to 7 carbon atoms include a 
cyclopropyl group, a cyclobutyl group, a cyclopentyl group, 
a cyclohexyl group, and the like. Specific examples of the 
aryl group having 6 to 13 carbon atoms include a phenyl 
group, a naphthyl group, a biphenyl group, a fluorenyl 
group, and the like. 

20 
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Chemical Formula 9 

(G4) 

O 
O 
O N-R 

C 
0235. In General Formula (G4), Q represents oxygen or 
sulfur. 
0236 Further, R' represents any of hydrogen, a substi 
tuted or unsubstituted alkyl group having 1 to 6 carbon 
atoms, a Substituted or unsubstituted cycloalkyl group hav 
ing 3 to 7 carbon atoms, and a substituted or unsubstituted 
aryl group having 6 to 13 carbon atoms. Specific examples 
of the alkyl group having 1 to 6 carbon atoms include a 
methyl group, an ethyl group, a propyl group, an isopropyl 
group, a butyl group, an isobutyl group, a tert-butyl group, 
an n-hexyl group, and the like. Specific examples of a 
cycloalkyl group having 3 to 7 carbon atoms include a 
cyclopropyl group, a cyclobutyl group, a cyclopentyl group, 
a cyclohexyl group, and the like. Specific examples of the 
aryl group having 6 to 13 carbon atoms include a phenyl 
group, a naphthyl group, a biphenyl group, a fluorenyl 
group, and the like. The above alkyl group, cycloalkyl 
group, and aryl group may include one or more substituents, 
and the substituents may be bonded to each other to form a 
ring. As the Substituent, an alkyl group having 1 to 6 carbon 
atoms, a cycloalkyl group having 3 to 7 carbon atoms, or an 
aryl group having 6 to 13 carbon atoms can also be selected. 
Specific examples of the alkyl group having 1 to 6 carbon 
atoms include a methyl group, an ethyl group, a propyl 
group, an isopropyl group, a butyl group, an isobutyl group. 
a tert-butyl group, an n-hexyl group, and the like. Specific 
examples of a cycloalkyl group having 3 to 7 carbon atoms 
include a cyclopropyl group, a cyclobutyl group, a cyclo 
pentyl group, a cyclohexyl group, and the like. Specific 
examples of the aryl group having 6 to 13 carbon atoms 
include a phenyl group, a naphthyl group, a biphenyl group, 
a fluorenyl group, and the like. 
0237 Furthermore, Ar' represents an arylene group hav 
ing 6 to 25 carbon atoms or a single bond. The arylene group 
may include one or more substituents and the Substituents 
may be bonded to each other to form a ring. For example, a 
carbon atom at the 9-position in a fluorenyl group has two 
phenyl groups as Substituents and the phenyl groups are 
bonded to form a spirofluorene skeleton. Specific examples 
of the arylene group having 6 to 25 carbon atoms include a 
phenylene group, a naphthylene group, a biphenyldiyl 
group, a fluorenediyl group, and the like. In the case where 
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the arylene group has a Substituent, as the Substituent, an 
alkyl group having 1 to 6 carbon atoms, a cycloalkyl group 
having 3 to 7 carbon atoms, or an aryl group having 6 to 13 
carbon atoms can also be selected. Specific examples of the 
alkyl group having 1 to 6 carbon atoms include a methyl 
group, an ethyl group, a propyl group, an isopropyl group. 
a butyl group, an isobutyl group, a tert-butyl group, an 
n-hexyl group, and the like. Specific examples of a 
cycloalkyl group having 3 to 7 carbon atoms include a 
cyclopropyl group, a cyclobutyl group, a cyclopentyl group, 
a cyclohexyl group, and the like. Specific examples of the 
aryl group having 6 to 13 carbon atoms include a phenyl 
group, a naphthyl group, a biphenyl group, a fluorenyl 
group, and the like. 
0238. As the benzofuropyrimidine skeleton or the ben 
Zothienopyrimidine skeleton represented by A in General 
Formula (GO), any of structures represented by Structural 
Formulae (Hit-1) to (Hit-24) can be used, for example. Note 
that a structure that can be used as A is not limited to these. 

Chemical Formulae 10 
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R19 

-continued 

22 
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(Ht-11) 

(Ht-12) 

(Ht-13) 
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R17 

-continued 
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(Ht-14) 

(Ht-15) 

(Ht-16) 

(Ht-17) 

(Ht-18) 
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-continued 
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S 
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-continued 
(Ht-23) 

(Ht-24) 

S 

R20 

0239. In Structural Formulae (Ht-1) to (Ht-24), each of 
R' to R' independently represents any of hydrogen, a 
Substituted or unsubstituted alkyl group having 1 to 6 carbon 
atoms, a Substituted or unsubstituted cycloalkyl group hav 
ing 3 to 7 carbon atoms, and a substituted or unsubstituted 
aryl group having 6 to 13 carbon atoms. Specific examples 
of the alkyl group having 1 to 6 carbon atoms include a 
methyl group, an ethyl group, a propyl group, an isopropyl 
group, a butyl group, an isobutyl group, a tert-butyl group, 
an n-hexyl group, and the like. Specific examples of a 
cycloalkyl group having 3 to 7 carbon atoms include a 
cyclopropyl group, a cyclobutyl group, a cyclopentyl group, 
a cyclohexyl group, and the like. Specific examples of the 
aryl group having 6 to 13 carbon atoms include a phenyl 
group, a naphthyl group, a biphenyl group, a fluorenyl 
group, and the like. The above alkyl group, cycloalkyl 
group, and aryl group may include one or more substituents, 
and the substituents may be bonded to each other to form a 
ring. As the Substituent, an alkyl group having 1 to 6 carbon 
atoms, a cycloalkyl group having 3 to 7 carbon atoms, or an 
aryl group having 6 to 13 carbon atoms can also be selected. 
Specific examples of the alkyl group having 1 to 6 carbon 
atoms include a methyl group, an ethyl group, a propyl 
group, an isopropyl group, a butyl group, an isobutyl group. 
a tert-butyl group, an n-hexyl group, and the like. Specific 
examples of a cycloalkyl group having 3 to 7 carbon atoms 
include a cyclopropyl group, a cyclobutyl group, a cyclo 
pentyl group, a cyclohexyl group, and the like. Specific 
examples of the aryl group having 6 to 13 carbon atoms 
include a phenyl group, a naphthyl group, a biphenyl group, 
a fluorenyl group, and the like. 
0240. As a structure that can be used as the bicarbazole 
skeleton in General Formulae (GO) and (G1), any of struc 
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tures represented by Structural Formulae (CZ-1) to (CZ-9) 
can be used, for example. Note that the structure that can be 
used as the bicarbazole skeleton is not limited to these. 

Chemical Formulae 12 

(CZ-1) 

(CZ-2) 

-continued 

Mar. 30, 2017 

(Cz-3) 

(CZ-4) 

(CZ-5) 
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-continued 
(CZ-6) 

(CZ-7) 

(Cz-8) 

(Cz-9) 
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(0241. In Structural Formulae (CZ-1) to (CZ-9), each of R' 
to R' independently represents any of hydrogen, a substi 
tuted or unsubstituted alkyl group having 1 to 6 carbon 
atoms, a Substituted or unsubstituted cycloalkyl group hav 
ing 3 to 7 carbon atoms, and a substituted or unsubstituted 
aryl group having 6 to 13 carbon atoms. Specific examples 
of the alkyl group having 1 to 6 carbon atoms include a 
methyl group, an ethyl group, a propyl group, an isopropyl 
group, a butyl group, an isobutyl group, a tert-butyl group, 
an n-hexyl group, and the like. Specific examples of a 
cycloalkyl group having 3 to 7 carbon atoms include a 
cyclopropyl group, a cyclobutyl group, a cyclopentyl group, 
a cyclohexyl group, and the like. Specific examples of the 
aryl group having 6 to 13 carbon atoms include a phenyl 
group, a naphthyl group, a biphenyl group, a fluorenyl 
group, and the like. The above alkyl group, cycloalkyl 
group, and aryl group may include one or more substituents, 
and the substituents may be bonded to each other to form a 
ring. As the Substituent, an alkyl group having 1 to 6 carbon 
atoms, a cycloalkyl group having 3 to 7 carbon atoms, or an 
aryl group having 6 to 13 carbon atoms can also be selected. 
Specific examples of the alkyl group having 1 to 6 carbon 
atoms include a methyl group, an ethyl group, a propyl 
group, an isopropyl group, a butyl group, an isobutyl group. 
a tert-butyl group, an n-hexyl group, and the like. Specific 
examples of a cycloalkyl group having 3 to 7 carbon atoms 
include a cyclopropyl group, a cyclobutyl group, a cyclo 
pentyl group, a cyclohexyl group, and the like. Specific 
examples of the aryl group having 6 to 13 carbon atoms 
include a phenyl group, a naphthyl group, a biphenyl group, 
a fluorenyl group, and the like. 
(0242. As the arylene group represented by Ar' in General 
Formulae (GO) to (G4), any of groups represented by 
Structure Formulae (Ar-1) to (Ar-27) can be used, for 
example. Note that the group that can be used for Ar' is not 
limited to these and may include a substituent. 

Chemical Formulae 14 
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-continued -continued 
(Ar-16) (Ar-21) 

(Ar-17) 

O () (Air-22) 

(Ar-18) 

O (Ar-23) 

Chemical Formulae 15 

(Ar-19) O 

O (Ar-24) 
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-continued 
(Ar-25) 

(Ar-26) 

(Ar-27) 

0243 For example, any of groups represented by Struc 
tural Formulae (R-1) to (R-29) can be used for the alkyl 
group, the cycloalkyl group, or the aryl group represented by 
R" to R' in General Formulae (G1) and (G2), R to R' in 
General Formula (G0), and R' represented by General 
Formulae (G3) and (G4). Note that the group that can be 
used as the alkyl group, the cycloalkyl group, or the aryl 
group is not limited to these and may include a Substituent. 

Chemical Formulae 16 
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(R-4) 
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-continued -continued 
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( ) (R-27) (101) 

c 
C C 
() ( )—s C. O 

(SO \ AR 

O 
Specific Examples of Compounds ( ) 

0244 Specific examples of structures of the compounds 
represented by General Formulae (GO) to (G4) include N -K) 
compounds represented by Structural Formulae (100) to o 
(147). Note that the compounds represented by General ( / O C 
Formulae (GO) to (G4) are not limited to the following N 
examples. 

Chemical Formulae 17 
(100) (103) 
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-continued -continued 

O 
Chemical Formulae 18 
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