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ORGANIC ELECTROLUMINESCENCE normal organic molecules , the lowest excited triplet state 
DEVICE ( T1 ) is lower than the lowest excited singlet state ( S1 ) . 

However , in some organic molecules , the triplet excited state 
( T2 ) , is higher than S1 . In such a case , it is believed that due Matter enclosed in heavy brackets [ ] appears in the 5 . 5 to the occurrence of transition from T2 to Si , emission from original patent but forms no part of this reissue specifica the singlet excited state can be obtained . However , actually , tion ; matter printed in italics indicates the additions the external quantum efficiency is about 6 % ( the internal made by reissue ; a claim printed with strikethrough quantum efficiency is 24 % when the outcoupling efficiency indicates that the claim was canceled , disclaimed , or held is taken as 25 % ) , which does not exceed the value of 25 % invalid by a prior post - patent action or proceeding . which has conventionally been believed to be the limit 
value . The mechanism disclosed in this document is that CROSS REFERENCE TO RELATED emission is obtained due to the intersystem crossing from APPLICATIONS the triplet excited state to the singlet excited state in a single 

15 molecule . Generation of singlet excitons by collision of two The present application is a reissue application of U . S . 15 triplet excitons as disclosed in Non - Patent Document 1 is Pat . No . 8 , 803 , 420 , which is a 35 U . S . C . § 371 national 
stage patent application of International patent application not occurred in this mechanism . 
PCT / JP2011 / 000174 , filed on Jan . 14 , 2011 , which claims Patent Documents 2 and 3 each disclose a technology in 
the benefit of the filing date of JP application no . 2010 which a phenanthroline derivative such as BCP ( bathocu 
013369 , filed on Jan . 25 . 2010 . and JP application no . 20 proin ) and BPhen is used in a hole - blocking layer in a 
2010 - 007483 , filed on Jan . 15 , 2010 . fluorescent device to increase the density of holes at the 

interface between a hole - blocking layer and an emitting 
TECHNICAL FIELD layer , enabling recombination to occur efficiently . However , 

a phenanthroline derivative such as BCP ( bathocuproin ) and 
The invention relates to an organic electroluminescence 25 BPhen is vulnerable to holes and poor in resistance to 

( EL ) device , particularly , to a highly efficient organic EL oxidation , and the performance thereof is insufficient in 
device . respect of prolonging the lifetime of a device . 

Moreover , since the hole barrier layer is provided between BACKGROUND ART the emitting layer and the electron - transporting layer , the 
number of layers of the stacked structure of the organic EL When a voltage is applied to an organic EL device , holes device increases . An increase in the number of layers of the are injected from an anode , and electrons are injected from stacked structure may complicate the production process of a cathode , and holes and electrons recombine in an emitting the organic EL device , or may result in an increase in drive layer to form excitons . According to the electron spin voltage . statistics theory , singlet excitons and triplet excitons are 35 

formed at an amount ratio of 25 % : 75 % . In a fluorescent EL In Patent Document 4 , a fluorescent device is disclosed in 
device which uses emission caused by singlet excitons , the which an aromatic compound such as an anthracene deriva 
limited value of the internal quantum efficiency is believed tive is used as a material for an electron - transporting layer 
to be 25 % . Technology for prolonging the lifetime of a which is in contact with an emitting layer . However , this is 
fluorescent EL device utilizing a fluorescent material has 40 a device which is designed based on the mechanism that 
been recently improved . This technology is being applied to generated singlet excitons emit fluorescence within a short 
a full - color display of portable phones , TVs , or the like . period of time . Therefore , no consideration is made on the 
However , a fluorescent EL device is required to be improved relationship with the triplet energy of an electron - transport 
in efficiency . ing layer which is normally designed in a phosphorescent 

In association with the technology of improving the 45 device . Actually , since the triplet energy of an electron 
efficiency of a fluorescent EL device , several technologies transporting layer is smaller than the triplet energy of an 
are disclosed in which emission is obtained from triplet emitting layer , triplet excitons generated in an emitting layer 
excitons , which have heretofore been not utilized effectively . are diffused to an electron - transporting layer , and then , For example , in Non - Patent Document 1 , a non - doped thermally deactivated . Therefore , it is difficult to exceed the 
device in which an anthracene - based compound is used as a 50 theoretical limit value of 25 % of the conventional fluores 
host material is analyzed . A mechanism is found that singlet cent device . excitons are formed by collision and fusion of two triplet On the other hand , a phosphorescent device directly excitons , whereby fluorescent emission is increased . How utilizes emission from triplet excitons . Since the singlet ever , Non - Patent Document 1 discloses only that fluorescent 
emission is increased by collision and fusion of triplet 55 ss exciton energy is converted to triplet excitons by the spin 
excitons in a non - doped device in which only a host material conversion within an emitting molecule , it is expected that 
is used . In this technology , an increase in efficiency by triplet an internal quantum efficiency of nearly 100 % can be 
excitons is as low as 3 to 6 % . attained , in principle . For the above - mentioned reason , since 
Non - Patent Document 2 reports that a blue fluorescent a phosphorescent device using an Ir complex was reported 

device exhibits an internal quantum efficiency of 28 . 5 % , 60 by Forrest et al . in 2000 , a phosphorescent device has 
which exceeds 25 % , which is the conventional theoretical attracted attention as a technology of improving efficiency of 
limit value . However , no technical means for attaining an an organic EL device . Although a red phosphorescent device 
efficiency exceeding 25 % is disclosed . In respect of putting has reached the level of practical use , green and blue 
a full - color organic EL TV into practical use , a further phosphorescent devices have a lifetime shorter than that of 
increase in efficiency has been required . 65 a fluorescent device . In particular , as for a blue phospho 

In Patent Document 1 , another example is disclosed in rescent device , there still remains a problem that not only 
which triplet excitons are used in a fluorescent device . In lifetime is short but also color purity or luminous efficiency 
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is insufficient . For these reasons , phosphorescent devices where , E " , is the triplet energy of the dopant material . 
have not yet been put into practical use . 3 . The organic electroluminescence device according to 1 or 

2 , wherein an affinity Afh of the host material and an affinity 
RELATED - ART DOCUMENT Afh of the barrier material satisfy the following expression 

5 ( 3 ) , 
Patent Document 

Afz - Af , 0 eV ( 3 ) . 
Patent Document 1 : JP - A - 2004 - 214180 4 . The organic electroluminescence device according to any Patent Document 2 : JP - A - H10 - 79297 one of 1 to 3 , wherein an ionization potential Iph of the host Patent Document 3 : JP - A - 2002 - 100478 10 material and an ionization potential Ip , of the dopant mate Patent Document 4 : WO2004 / 080975 rial satisfy the following expression ( 4 ) , Patent Document 5 : JP - T - 2002 - 525808 
Patent Document 6 : U . S . Pat . No . 7 , 018 , 723 Ipa - Ip < 0 . 2 eV ( 4 ) . 

Non - Patent Document 15 5 . The organic electroluminescence device according to any 
one of 1 to 4 , wherein the barrier material has an electron 

Non - patent Document 1 : Journal of Applied Physics , 102 , mobility of 10 - cm ? Ns or more . 
114504 ( 2007 ) 6 . The organic electroluminescence device according to any 

Non - patent Document 2 : SID 2008 DIGEST , 709 ( 2008 ) one of 1 to 5 , wherein the barrier layer includes a donor that 
can reduce the barrier material . 

SUMMARY OF THE INVENTION 7 . The organic electroluminescence device according to any 
one of 1 to 6 , wherein luminous intensity due to singlet 

The inventors of the invention focused on the phenom excitons that are formed due to collision between triplet 
enon ( i . e . , singlet excitons are formed due to collision and excitons within the emitting layer accounts for 30 % or more 
fusion between two triplet excitons ( hereinafter referred to 25 of total luminous intensity . 
as Triplet - Triplet Fusion ( TTF ) phenomenon ) disclosed in 8 . The organic electroluminescence device according to any 
Non - Patent Document 1 , and conducted studies in order to one of 1 to 7 , wherein the electron - transporting structural 
improve the efficiency of a fluorescent device by causing the part includes one or more partial structures shown by the 
TTF phenomenon to efficiently occur . Specifically , the following formula , 
inventors conducted studies on a combination of a host 
material and a fluorescent dopant material that may be used 30 
for a fluorescent device , and found that triplet excitons are 
confined within the emitting layer , and the TTF phenomenon 
efficiently occurs when the triplet energy of the host material 
and the triplet energy of the dopant material satisfy a specific 
relationship , and a material having a large triplet energy is 35 wherein X and X , independently represent a carbon atom or 
used as a material for a layer that is adjacent to the a nitrogen atom . cathode - side interface of the emitting layer . It was found that 9 . The organic electroluminescence device according to any an improvement in the efficiency and the lifetime of a 
fluorescent device can thus be implemented . one of 1 to 7 , wherein the electron - transporting structural 

The inventors found that a highly efficient organic EL 40 part includes one or more rings selected from rings shown by 
device that has a long lifetime can be implemented without 40 the following formulas , 
increasing the number of layers of the stacked structure of 
the organic EL device by thus confining triplet excitons X22 – X23 within the emitting layer so that the TTF phenomenon 
efficiently occurs . X13 x ' X 

The invention provides the following organic EL device . X15 = X14 X26 = X25 1 . An Organic Electroluminescence Device Including : 
an anode , an emitting layer , an electron - transporting 

region , and a cathode , sequentially , 
the emitting layer including a host material , and a dopant 50 wherein X11 to X15 and X21 to X26 independently represent 

material that emits fluorescence having a main peak wave - a carbon atom or a nitrogen atom , provided that at least one 
length of 550 nm or less , of X11 to X15 and at least one of X21 to X26 represent a 

the electron - transporting region including a barrier layer nitrogen atom . 
that is adjacent to the emitting layer , and 10 . The organic electroluminescence device according to 

the barrier layer including a barrier material that includes 55 any one of 1 to 7 , wherein the electron - transporting struc 
an electron - transporting structural part , and a triplet barrier tural part includes one or more rings selected from rings 
structural part that includes a fused polycyclic aromatic shown by the following formulas , 
hydrocarbon compound , and satisfies the following expres 
sion ( 1 ) , 

IN N E " > ET ( 1 ) 60 
where , E ? , is the triplet energy of the host material , and E ? 
is the triplet energy of the barrier material . 
2 . The organic electroluminescence device according to 1 , 
wherein the host material and the dopant material satisfy the 
following expression ( 2 ) , 

E " > ET 

Xi - N 

45 

V 
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- continued 11 . The organic electroluminescence device according to 
any one of 1 to 7 , wherein the electron - transporting struc 
tural part includes one or more rings selected from rings 
shown by the following formulas , 

- N N 
4 no 

Z 

Z 

N 

38 F & Basic 2 

Ar9 

wherein Art to Arrepresent a fused ring structure having 4 
25 to 16 carbon atoms that form a ring ( hereinafter referred to 

as “ ring carbon atoms ” ) . 
13 . The organic electroluminescence device according to 
any one of 1 to 12 , including at least two emitting layers 
between the anode and the cathode , and further including a 

30 carrier - generating layer between two emitting layers among 
the at least two emitting layers . 
14 . An organic electroluminescence device including : 

an anode , a plurality of emitting layers , an electron 
transporting region , and a cathode , sequentially , 12 . The organic electroluminescence device according to 35 the organic electroluminescence device further including any one of 1 to 11 , wherein the triplet barrier structural part 35 a carrier barrier layer between two emitting layers among is selected from rings shown by the following formulas , the plurality of emitting layers , 

an emitting layer among the plurality of emitting layers 
that is adjacent to the electron - transporting region including 
a host material , and a dopant material that emits fluorescence 
having a main peak wavelength of 550 nm or less , 

the electron - transporting region including a barrier layer 
that is adjacent to the emitting layer , and 

the barrier layer including a barrier material that includes 
45 an electron - transporting structural part , and a triplet barrier 

structural part that includes a fused polycyclic aromatic 
hydrocarbon compound , and satisfies the following expres 
sion ( 1 ) , 

E " > E ? ( 1 ) 
where , E ' h is the triplet energy of the host material , and E " 
is the triplet energy of the barrier material . 
15 . The organic electroluminescence device according to 14 , 
wherein the host material and the dopant material satisfy the 
following expression ( 2 ) , 

E " > E ? - ( 2 ) 
where , E ? , is the triplet energy of the dopant material . 

The invention can realize a highly efficient device which 
can , by efficiently inducing the TTF phenomenon within an 

60 emitting layer , exhibit an internal quantum efficiency which 
largely exceeds 25 % , which is believed to be the limit value 
of conventional fluorescent devices . 

an ( 2 ) 45 

50 88080 ( 3 ) 55 following 

BRIEF DESCRIPTION OF THE DRAWINGS 
65 

FIG . 1 is a view showing an example of an organic EL 
device according to a first embodiment . 
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FIG . 2A is a view showing the relationship between the tion . FIG . 2A diagrammatically shows the lowest excited 
energy gaps of respective layers . singlet energy level and the lowest excited triplet energy 

FIG . 2B is a view showing an effect based on the level . In the invention , the triplet energy is referred to as a 
relationship between the energy gaps of respective layers . difference between energy in the lowest triplet exited state 

FIG . 3A is an energy band diagram when Afz - Af , 5 - 0 . 2 5 and energy in the ground state . The singlet energy ( often 
eV . referred to as an energy gap ) is referred to as a difference 

FIG . 3B is an energy band diagram when IP / - IP , 20 . 2 eV . between energy in the lowest singlet excited state and energy 
FIG . 3C is an energy band diagram when Af - Af , > - 0 . 2 in the ground state . In the organic EL device shown in FIG . 

eV and IP - IP , < 0 . 2 eV . 1 , a hole - transporting region 50 , an emitting layer 20 , an 
FIG . 4 is a view showing a transient EL waveform 10 electron - transporting region 30 and a cathode 40 are stacked 

measurement method . in sequential order from an anode 10 . It is preferred that a 
FIG . 5 is a view showing a method of measuring the ratio hole - transporting region 50 be provided between an anode 

of the luminous intensity due to the TTF phenomenon . 10 and an emitting layer 20 . FIG . 2A shows an example in 
FIG . 6 is a view showing an example of an organic EL which the electron - transporting region includes only a bar 

device according to a second embodiment . 15 rier layer . Note that in the embodiment having only the 
FIG . 7 is a view showing an example of an organic EL barrier layer the electron - transporting region may also 

device according to a third embodiment . include an electron - injecting layer that has a higher electron 
FIG . 8 is a view showing an example of an organic EL injection capability . The electron - injecting layer may be 

device according to a fourth embodiment . formed using a compound that has been generally used to 
20 form the electron - injecting layer . It is preferable to form the 

MODE FOR CARRYING OUT THE INVENTION electron - injecting layer using a heteroring - containing com 
pound . The simple term “ blocking layer " in the invention 

First Embodiment means a layer having a triplet energy blocking function 
different from the function of a hole - blocking layer or a 

The invention utilizes the TTF phenomenon . First , an 25 carrier - blocking layer . 
explanation is made of the TTF phenomenon . The emitting layer is formed of a host material and a 

Holes and electrons injected from an anode and a cathode dopant material which gives fluorescent emission of which 
are recombined with in an emitting layer to generate exci the main peak wavelength is 550 nm or less ( hereinafter 
tons . As for the spin state , as is conventionally known , often referred to as a fluorescent dopant material having a 
singlet excitons account for 25 % and triplet excitons account 30 main peak wavelength of 550 nm or less ) . ( The main peak 
for 75 % . In a conventionally known fluorescent device , light wavelength in the invention means the peak wavelength of 
is emitted when singlet excitons of 25 % are relaxed to the the emission spectrum of which the emission intensity 
ground state . The remaining triplet excitons of 75 % are becomes maximum in an emission spectrum measured in a 
returned to the ground state without emitting light through a toluene solution with a concentration of 10 - 5 to 10 - mol / l ) 
thermal deactivation process . Accordingly , the theoretical 35 The main peak wavelength of 550 nm almost corresponds to 
limit value of the internal quantum efficiency of a conven - green emission . In this wavelength region , improvement in 
tional fluorescent device is believed to be 25 % . luminous efficiency of a fluorescent device utilizing a TTF 

The behavior of triplet excitons generated within an phenomenon is expected . In a fluorescent emitting device 
organic substance has been theoretically examined . Accord giving a blue emission of 480 nm or less , a further improve 
ing to S . M . Bachilo et al . ( J . Phys . Chem . A , 104 , 7711 40 ment in luminous efficiency can be expected . For a red 
( 2000 ) ) , assuming that high - order excitons such as quintet emission with a wavelength of 550 nm or higher , since a 
excitons are quickly returned to triplet excitons , triplet phosphorescent emitting device with a high internal quan 
excitons ( hereinafter abbreviated as A * ) collide with each tum efficiency has already been on the practically - usable 
other with an increase in the density thereof , whereby a level , no improvement in luminous efficiency is desired for 
reaction shown by the following formula occurs . In the 45 a fluorescent emitting device . In FIG . 2A , holes injected 
formula , ' A represents the ground state and ' A * represents from an anode are then injected to an emitting layer through 
the lowest excited singlet excitons . a hole - transporting region . Electrons injected from a cathode 

are then injected to an emitting layer through an electron 
3A * + ' A * ? ( 4 / 9 ) A + ( 1 / 9 ) ' A * + ( 13 / 9 ) A * transporting region . Thereafter , holes and electrons are 

That is , 5 % A * ~ 4 A + A * , and it is expected that , among 50 recombined in an emitting layer , whereby singlet excitons 
75 % of triplet excitons initially generated , one fifth thereof , and triplet excitons are generated . There are two manners as 
that is , 20 % , is changed to singlet excitons . Therefore , the for the occurrence of recombination . Specifically , recombi 
amount of singlet excitons which contribute to emission is nation may occur either on host material molecules or on 
40 % , which is a value obtained by adding 15 % ( ( 75 % x ( 1 ) dopant material molecules . In this embodiment , as shown in 
5 ) = 15 % ) to 25 % , which is the amount ratio of initially 55 FIG . 2A , if the triplet energy of a host material and that of 
generated singlet excitons . At this time , the ratio of luminous a dopant material are taken as E ? and Ed , respectively , the 
intensity derived from TTF ( TTF ratio ) relative to the total relationship E ? < E ? , is satisfied . When this relationship is 
luminous intensity is 15 / 40 , that is , 37 . 5 % . Assuming that satisfied , triplet excitons generated by recombination on a 
singlet excitons are generated by collision of 75 % of ini - host material do not transfer to a dopant material which has 
tially - generated triplet excitons ( that is , one siglet exciton is 60 higher triplet energy as shown in FIG . 2B . Triplet excitons 
generated from two triplet excitons ) , a significantly high generated by recombination on dopant material molecules 
internal quantum efficiency of 62 . 5 % is obtained which is a quickly energy - transfer to host material molecules . That is , 
value obtained by adding 37 . 5 % ( ( 75 % x ( 1 / 2 ) = 37 . 5 % ) to triplet excitons on a host material do not transfer to a dopant 
25 % , which is the amount ratio of initially generated singlet material and collide with each other efficiently on the host 
excitons . At this time , the TTF ratio is 60 % ( 37 . 5 / 62 . 5 ) . 65 material to generate singlet excitons by the TTF phenom 

FIG . 1 is a schematic view of an organic EL device enon . Further , since the singlet energy E? , of a dopant 
showing one example of the first embodiment of the inven - material is smaller than the singlet energy E?n of a host 
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material , singlet excitons generated by the TTF phenomenon layer . Since the triplet energy E % ) of the barrier layer is set 
energy - transfer from a host material to a dopant material , to be larger than the triplet energy E ' of the host material , 
thereby contributing fluorescent emission of a dopant mate a situation in which triplet excitons present in an area 
rial . In dopant materials which are usually used in a fluo adjacent to the barrier layer are diffused into the electron 
rescent device , transition from the excited triplet state to the 5 transporting region is prevented , so that the TTF phenom 
ground state should be inhibited . In such a transition , triplet e non efficiently occurs within the emitting layer . 
excitons are not optically energy - deactivated , but are ther - ( 2 ) FIG . 3B is an energy band diagram when IP - - IP , 4 . 2 
mally energy - deactivated . By causing the triplet energy of a eV . The dotted line drawn within the emitting layer indicates 
host material and the triplet energy of a dopant material to the energy level of the dopant material . When IP - IP , > 0 eV , 
satisfy the above - mentioned relationship , singlet excitons 10 the difference between the affinity Af , of the host material 
are generated efficiently due to the collision of triplet exci - and the affinity Af , of the dopant material is large as 
tons before they are thermally deactivated , whereby lumi - compared with the difference between the ionization poten 
nous efficiency is improved . tial Ipn of the host material and the ionization potential Ipa 

In the invention , the electron - transporting region has a of the dopant material ( see FIG . 3B ) . This phenomenon 
blocking layer in an area adjacent to the emitting layer . As 15 occurs due to the difference in energy gap between the host 
mentioned later , the blocking layer serves to prevent diffu - material and the dopant material . Therefore , since Af ; 
sion of triplet excitons generated in the emitting layer to the Af > 0 . 2 eV when Ipa - Ip - > 4 . 2 eV , the dopant material 
electron - transporting region , allow triplet excitons to be exhibits a significant electron - trapping capability . Regarding 
confined within the emitting layer to increase the density of the electron - trapping probability distribution within the 
triplet excitons therein , causing the TTF phenomenon to 20 emitting layer , recombination is likely to occur around the 
occur efficiently . In order to suppress triplet excitons from interface between the emitting layer and the barrier layer 
being diffused , as shown in FIGS . 2A and 2B , it is preferred ( see FIG . 3B ) . Therefore , triplet excitons are also likely to be 
that the triplet energy of the blocking layer E be larger than formed around the interface between the emitting layer and 
E ” ) . It is further preferred that E be larger than E ” , . Since the barrier layer . When Ip - 1p , 20 . 2 eV , it is considered that 
the blocking layer prevents triplet excitons from being 25 holes slowly transfer from the host material to the dopant 
diffused to the electron - transporting region , in the emitting material . This phenomenon occurs due to the HOMO level 
layer , triplet excitons of a host material become singlet energy barrier between the host material and the dopant 
excitons efficiently , and the singlet excitons transfer to a material . Therefore , the host material is kept in a radical 
dopant material , and are optically energy - deactivated . cation state for a long time . Since radical cations of the host 

The barrier layer includes a nitrogen - containing com - 30 material cause triplet excitons to be quenched , quenching of 
pound ( e . g . , benzimidazole compound ) as a partial structure the excited state easily occurs between triplet excitons on the 
in order to improve the electron injection capability from the host material and holes on the host material that have been 
cathode or the like . injected from the anode at the interface between the emitting 

The conditions under which the TTF phenomenon effi - layer and the barrier layer at which the density of triplet 
ciently occurs are described below while focusing on the 35 excitons is high . Therefore , the TTF phenomenon may not 
relationship between the affinity and the ionization potential efficiently occur when Ip : - 1p , 22 eV depending on the 
of the host material and the dopant material . The affinity of relationship between the electron - hole recombination region 
the host material and the affinity of the dopant material are and the hole - transporting capability of the host material , 
hereinafter respectively referred to as Af , and Afz , and the even if the barrier layer exhibits a high triplet exciton barrier 
ionization potential of the host material and the ionization 40 capability . Therefore , it is preferable that IP , - IP , < 0 . 2 eV . 
potential of the dopant material are hereinafter respectively ( 3 ) Finally , a case where Afg - Af , > - 0 . 2 eV and IP 
referred to as Ip , and Ipd . IP < 0 . 2 eV , which is excluded from the cases ( 1 ) and ( 2 ) , is 

( 1 ) FIG . 3A is an energy band diagram when Afd - Afs discussed below . FIG . 3C is an energy band diagram when 
0 . 2 eV . The dotted line drawn within the emitting layer Afd - Af , > - 0 . 2 eV and IP : - IP < 0 . 2 eV . The dotted line 
indicates the energy level of the dopant material . When 45 drawn within the emitting layer indicates the energy level of 
Afr - Af , < 0 eV , the difference between the ionization poten - the dopant material . The condition wherein Af - Af , > - 0 . 2 
tial Ip , of the host material and the ionization potential Ip : eV is set since the LUMO level of an organic material 
of the dopant material is small as compared with the generally broadens within a range higher than the found 
difference between the affinity Af , of the host material and affinity level by about 0 . 2 eV . Likewise , the HOMO level of 
the affinity Afa of the dopant material ( see FIG . 3A ) . This 50 an organic material generally broadens within a range higher 
phenomenon occurs due to the difference in energy gap than the ionization potential by about 0 . 2 eV . When the host 
between the host material and the dopant material . There - material and the dopant material have the relationship shown 
fore , since Ipa - Ip s - 0 . 2 eV when Afd - Af , s - 0 . 2 eV , the in FIG . 3C , the LUMO level of the dopant material is not 
dopant material exhibits a significant hole - trapping capabil included within the range of the LUMO level of the host 
ity . Regarding the hole - trapping probability distribution 55 material . Therefore , electrons that transfer within the emit 
within the emitting layer , recombination is likely to occur at ting layer are rarely trapped by the dopant material ( i . e . , the 
the interface between the emitting layer and the hole - dopant material rarely exhibits an electron - trapping capa 
transporting layer ( see FIG . 3A ) . Specifically , recombination bility ) . The dopant material also rarely exhibits a hole 
is likely to occur after holes are trapped by the dopant trapping capability for the above reason . 
material , and electrons transfer from the host material to the 60 The dopant material of this case does not exhibit signifi 
dopant material . When the relationship “ E ? < E ” is satis - cant trapping properties for both electrons and holes . In this 
fied , triplet excitons formed directly on the dopant material case , as the slant - line portion of the emitting layer in FIG . 
transfer to the host material via Dexter energy transfer , so 3C , electron - hole recombination occurs mainly on a host 
that the TTF phenomenon efficiently occurs . Since the triplet molecule in a broad range of the emitting layer , and 25 % of 
energy of a hole - transporting material is normally large , a 65 singlet excitons and 75 % of triplet excitons are formed 
high triplet exciton confinement effect is obtained , so that mainly on a host molecule . The energy of singlet excitons 
the TTF phenomenon efficiently occurs within the emitting which are generated on a host transfers to a dopant material 
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by the Forster energy transfer , and contributes to fluores - stituted silyl group , a carboxyl group , a halogen atom , a 
cence emission of dopant material molecules . The transfer cyano group , a nitro group , and a hydroxyl group . 
direction of the energy of triplet excitons depends on the A compound shown by the following formula is prefer 
triplet energy relationship of a host material and a dopant able as the pyrene derivative . 
material . If the relationship satisfies E ? > E d , triplet exci - 5 
tons generated in a host transfer to a dopant material which 
exists in the vicinity by the Dexter energy transfer . In a 
fluorescent device , the concentration of a dopant material in 
the emitting layer is normally as low as several to 20 wt % . 
Therefore , triplet excitons which have transferred to the 
dopant material collide with each other less frequently , 
resulting in a less possibility of occurrence of the TTF 
phenomenon . On the other hand , if the relationship E , < E , 
is satisfied , as the invention , since triplet excitons exist on 1 
host molecules , frequency of collision increases , and as a 
result , the TTF phenomenon easily occurs efficiently . 

Examples of a combination of the host material and the 
dopant material that satisfy the condition ( 1 ) include a wherein R , represents ( or independently represent ) a hydro combination of an anthracene derivative or a pyrene deriva - 20 gen atom or a substituent , Ar , represents ( or independently 
tive ( host material ) and an aromatic amine derivative ( dop represent ) a substituted or unsubstituted aromatic hydrocar 
ant material ) , and the like . The host material is preferably an bon group having 6 to 50 ring carbon atoms , or a substituted 
anthracene derivative , and the dopant material is preferably or unsubstituted heterocyclic group having 5 to 50 ring 
a diaminochrysene derivative , a diaminopyrene derivative , a atoms , L , represents a single bond , a substituted or unsub 
styrylamine derivative , an amino - substituted fused fluorene 25 stituted divalent aromatic hydrocarbon group having 6 to 30 
derivative , or a diaminoanthracene derivative . A combina - ring carbon atoms , or a substituted or unsubstituted divalent 
tion of an anthracene derivative and a diaminopyrene deriva aromatic hydrocarbon group having 5 to 30 ring atoms , a is 
tive , a combination of an anthracene derivative and a an integer from 1 to 10 , p is an integer from 1 to 6 , and q is 
diaminochrysene derivative , or a combination of an anthra an integer from 0 to 10 . 
cene derivative and a styrylamine derivative is more pref - 30 A compound shown by the following formula is prefer 
erable when producing a blue device . able as the diaminopyrene derivative . 

A compound shown by the following formula is prefer 
able as the anthracene derivative . u ( RA 

35 
Ar5 

R 108 R101 

A16 
R1077 R102 R 

40 Ar7 

Art2 Arg 

R106 R 103 45 wherein R represents ( or independently represent ) a hydro 
gen atom , a substituted or unsubstituted alkyl group having 
1 to 20 carbon atoms , a substituted or unsubstituted alkenyl Rios R104 group having 2 to 50 carbon atoms , a substituted or unsub 
stituted alkynyl group having 2 to 50 carbon atoms , a 

wherein Arll and Arl2 independently represent a substituted 50 substituted or unsubstituted aralkyl group having 1 to 20 
or unsubstituted aryl group having 6 to 50 ring carbon carbon atoms , a substituted or unsubstituted cycloalkyl 
atoms , or a substituted or unsubstituted heterocyclic group group having 3 to 20 ring carbon atoms , a substituted or 
having 5 to 50 atoms that form a ring ( hereinafter referred unsubstituted alkoxy group having 1 to 20 carbon atoms , a 
to as “ ring atoms ” ) , and R101 to R108 independently repre substituted or unsubstituted aryloxy group having 5 to 20 
sent a group selected from a hydrogen atom , a substituted or 55 ring carbon atoms , a substituted or unsubstituted aryl group 
unsubstituted aryl group having 6 to 50 ring carbon atoms , having 5 to 50 ring carbon atoms , a substituted or unsub 
a substituted or unsubstituted heterocyclic group having 5 to stituted alkylsilyl group having 1 to 30 carbon atoms , a 
50 ring atoms , a substituted or unsubstituted alkyl group substituted or unsubstituted arylsilyl group having 6 to 50 
having 1 to 50 carbon atoms , a substituted or unsubstituted ring carbon atoms , a substituted or unsubstituted alkylger 
cycloalkyl group having 3 to 50 ring carbon atoms , a 60 manium group having 1 to 50 carbon atoms , or a substituted 
substituted or unsubstituted alkoxy group having 1 to 50 or unsubstituted arylgermanium group having 6 to 50 ring 
carbon atoms , a substituted or unsubstituted aralkyl group carbon atoms , u is an integer from 1 to 8 , and Arz to Arg 
having 7 to 50 carbon atoms , a substituted or unsubstituted independently represent a substituted or unsubstituted aryl 
aryloxy group having 6 to 50 ring carbon atoms , a substi - group having 5 to 20 ring carbon atoms , or a substituted or 
tuted or unsubstituted arylthio group having 6 to 50 ring 65 unsubstituted heteroaryl group having 5 to 20 ring atoms . 
carbon atoms , a substituted or unsubstituted alkoxycarbonyl compound shown by the following formula is prefer 
group having 2 to 50 carbon atoms , a substituted or unsub - able as the diaminochrysene derivative . 
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Examples of a combination of the host material and the 
dopant material that satisfy the condition ( 2 ) include a 
combination of an anthracene derivative or a pyrene deriva 
tive ( host material ) and a compound that includes an elec 
tron - withdrawing group ( dopant material ) . The host material 
is preferably an anthracene derivative , and the dopant mate 
rial is preferably a boron - containing compound that is 
substituted with an electron - withdrawing group . The above 
compounds are preferable as the anthracene derivative and 
the pyrene derivative . 

A compound shown by either of the following formulas is 
preferable as the boron - containing compound . 

10 

La Lo 
3 - „ X " ALTA ( X 

" N , 
B 

70 

A112 

wherein R , represents ( or independently represent ) a hydro 
gen atom , a substituted or unsubstituted alkyl group having 
1 to 20 carbon atoms , a substituted or unsubstituted alkenyl 
group having 2 to 50 carbon atoms , a substituted or unsub ( Xº ) Al 1 A 1 ( X stituted alkynyl group having 2 to 50 carbon atoms , a 
substituted or unsubstituted aralkyl group having 1 to 20 
carbon atoms , a substituted or unsubstituted cycloalkyl 20 
group having 3 to 20 ring carbon atoms , a substituted or 
unsubstituted alkoxy group having 1 to 20 carbon atoms , a 
substituted or unsubstituted aryloxy group having 5 to 20 
ring carbon atoms , a substituted or unsubstituted aryl group 2 
having 5 to 50 ring carbon atoms , a substituted or unsub - 25 
stituted alkylsilyl group having 1 to 30 carbon atoms , a 
substituted or unsubstituted arylsilyl group having 6 to 50 
ring carbon atoms , a substituted or unsubstituted alkylger 
manium group having 1 to 50 carbon atoms , or a substituted wherein A and A ' independently represent an azine ring that 
or unsubstituted arylgermanium group having 6 to 30 ring 30 corresponds to a 6 - membered aromatic ring structure that 
carbon atoms , t is an integer from 1 to 10 , and Ar? to Ar4 includes at least one nitrogen atom , Xa and X ” independently independently represent a substituted or unsubstituted aryl represent a selected substituent , provided that two of Xa or group having 5 to 20 ring carbon atoms , or a substituted or X may bond to each other to form a ring that is fused with unsubstituted heteroaryl group having 5 to 20 ring atoms . 

Compounds shown by the following formulas ( 6 ) and ( 7 ) A or A ' , m and n are independently an integer from 0 to 4 , 
are preferable as a styrylamine compound and a styryl - » 2 35 Y represents a hydrogen atom or a substituent , Zº and Zº 
diamine compound . independently represent a selected substituent , and 1 , 2 , 3 , 4 , 

1 ' , 2 ' , 3 ' , and 4 ' independently represent a carbon atom or a 
nitrogen atom . 

Examples of a combination of the host material and the 
40 dopant material that satisfy the condition ( 3 ) include a 

combination of an anthracene derivative or a pyrene deriva 
Aru tive ( host material ) and a fused aromatic hydrocarbon 

derivative that includes three or more fused rings and does 
not include an amino group ( dopant material ) , and the like . 

45 The host material is preferably an anthracene derivative , and 
the dopant material is preferably a fluorene derivative , a 
fused fluorene derivative , a fluoranthene derivative , a ben 
zofluoranthene derivative , or a pyrene derivative that does 
not include an amino group . A combination of an anthracene 

50 derivative and a benzofluoranthene derivative is most pref 
In the formula ( 6 ) , Ar11 represents a u - valent group that erable . The above compounds are preferable as the anthra corresponds to a phenyl group , a naphthyl group , a biphenyl cene derivative or the pyrene derivative . group , a terphenyl group , a stilbene group , a styrylaryl A compound shown by the following formula is prefer group , or a distyrylaryl group , and Ar12 and Ar13 indepen able as the fluoranthene derivative . dently represent an aromatic hydrocarbon group having 6 to 

20 ring carbon atoms . Ar11 , Ar12 and Ari3 may be substi 
tuted . u is an integer from 1 to 4 , and preferably 1 or 2 . One R101 R102 of Aru to Ar 13 represents a group that includes a styryl 
group . It is more preferable that at least one of Ar 2 and Ar 3 
be substituted with a styryl group . 

Examples of the aromatic hydrocarbon group having 6 to 60 
20 ring carbon atoms include a phenyl group , a naphthyl 
group , an anthranyl group , a phenanthryl group , a terphenyl R100 group , and the like . 

In the formula ( 7 ) , Ar 4 to Ar represent a substituted or R 108 Ar 102 
unsubstituted v - valent aromatic group having 6 to 40 ring 65 R105 
carbon atoms . v is an integer from 1 to 4 , and preferably 1 
or 2 . 

113 du 

Ar15 

Ar14 " 

A116 v 

Rul Ar101 

R110 Ar 103 

- R104 

R106 
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wherein R101 to R106 and R108 to R111 independently repre in the host material is promoted . This makes it difficult to 
sent a hydrogen atom , a substituted or unsubstituted alkyl efficiently cause the TTF phenomenon to occur . Therefore , 
group , a substituted or unsubstituted cycloalkyl group , a the triplet barrier structural part of the barrier material must 
substituted or unsubstituted alkoxy group , a substituted or be a fused hydrocarbon ring that mainly forms an excited 
unsubstituted silyl group , a substituted or unsubstituted aryl 5 triplet state based on the it - 1 * transition . 
group , or a substituted or unsubstituted heteroaryl group , In the invention , the triplet energy of the barrier material 
and Ar101 to Ar 103 independently represent a substituted or is higher than the triplet energy of the host material included 
unsubstituted aryl group or a substituted or unsubstituted in the emitting layer . 
heteroaryl group . The triplet barrier function of the barrier material is The host material that satisfies the conditions ( 1 ) to ( 3 ) is 10 mainly determined by the triplet barrier structural part . The preferably a compound in which cyclic structures or atoms 
are bonded via a single bond ( including a compound in energy of triplet excitons formed in the emitting layer is 

normally transferred to a structural part included in the which a cyclic structure and an atom are bonded via a single barrier material that has the lowest triplet energy . When the bond ) . A compound that includes a carbon - carbon double 
bond other than that of a cyclic structure is not preferable . 15 triple barrier structural part na nas the lowest triple energy 
This is because the energy of triplet excitons formed on the is a fused polycyclic aromatic hydrocarbon compound , the 
host material is used for a structural change in the double barrier material effectively exhibits the triplet barrier func 
bond instead of the TTF phenomenon . tion . Therefore , when a structural part included in the 

It is preferable that the barrier layer in the invention be compound that has the lowest triplet energy is not formed of 
formed of a barrier material that has high triplet energy as 20 carbon atoms and hydrogen atoms , the compound does not 
compared with the host material , and have a function of include the triplet barrier structural part . 
transporting electrons to the emitting layer instead of an The triplet barrier structural part is preferably selected 
electron - transporting layer . Specifically , the TTF phenom from the group consisting of compounds shown by the 
enon can be caused to efficiently occur without increasing following formulas ( 1 ) to ( 6 ) . The triplet barrier structural 
the number of layers of the stacked structure of the organic 25 part is particularly preferably a structural part that includes 
EL device by utilizing a barrier material that has a triplet four or more rings . When the triplet barrier structural part is 
barrier function and an electron - transporting function . This a fused ring of four or more rings , molecular stacking in a 
makes it possible to implement a highly efficient organic EL thin film is improved due to high planarity , so that the 
device that has a long lifetime . Note that an electron electron mobility increases . This makes it possible to pro 
injecting layer that exhibits an excellent electron injection 30 mote injection of electrons into the emitting layer ( i . e . , 
capability from the cathode may also be provided ( stacked ) . increase the recombination efficiency in the emitting layer ) , 

It is preferable that the affinity Af , of the barrier material so that the TTF phenomenon efficiently occurs . 
and the affinity Af , of the host material satisfy the following 
expression . 

Afz - Afy > 0 eV 
Specifically , the electron injection capability from the 

barrier layer to the emitting layer is improved by eliminating 
the LUMO level energy barrier between the barrier layer and 
the host material . As a result , triplet excitons are formed , and 40 
promote the TTF phenomenon . 

The barrier layer in the invention includes a compound 
that includes a triplet barrier structural part and an electron 
transporting structural part . The term “ structural part ” used 
herein refers to a cyclic structure ( monocyclic structure or 45 
fused polycyclic structure excluding a substituent ) included 
in the compound . 

The term “ triplet barrier structural part ” used herein refers 
to a structural part included in the compound that has the 
lowest triplet energy . Specifically , the triplet barrier struc - 50 
tural part mainly determines the triplet energy of the com 
pound . The compound may include a plurality of triplet 
barrier structural parts . The triplet energy of the triplet 
barrier structural part refers to the triplet energy of an 
independent cyclic structure that is not substituted with a 55 
substituent and includes a hydrogen atom at each bonding 
position . The triplet barrier structural part must be a fused 
polycyclic aromatic hydrocarbon compound . The reason 
therefor is described below . 

The transition state of a fused hydrocarbon ring is based 60 
on the n - 1 * transition in which the n electron cloud of the 
cyclic structure is involved . The i electron cloud has a 
narrow distribution , and has a small effect on the excited 
state of the emitting layer . When the structural part includes 
a lone pair of electrons , a strong interaction with triplet 65 
excitons formed in the emitting layer occurs due to the lone 
pair of electrons , and deactivation of triplet excitons formed 

35 
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- continued - continued 

( 6 ) 10 

Examples of the skeleton of the compound shown by the 
formula ( 2 ) include the following skeletons . 

15 

In the formulas ( 1 ) to ( 6 ) , Arl to Ars represent a fused ring 20 
structure having 4 to 16 ring carbon atoms . 
Examples of the skeleton of the compound shown by the 

formula ( 1 ) include the following skeletons . 
25 

40 Examples of the skeleton of the compound shown by the 
formula ( 3 ) include the following skeletons . 
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- continued - continued 

10 

Examples of the skeleton of the compound shown by the 
formula ( 4 ) include the following skeletons in addition to the 
skeletons mentioned above in connection with the com 
pound shown by the formula ( 1 ) . 15 

003 20 

The term “ electron - transporting structural part ” used 
herein refers to a structural part that includes an atom that 
has one or more lone pairs of electrons . Examples of the 
atom that has a lone pair of electrons include a nitrogen 
atom , an oxygen atom , a sulfur atom , a phosphorus atom , 
and the like . The compound may include a plurality of 
electron - transporting structural parts . The electron - inject 

30 ing / transporting function of the barrier material is deter 
mined by the electron - transporting structural part . The lone 
pair of electrons included in the electron - transporting struc Examples of the skeleton of the compound shown by the tural part mediates reception of electrons from the adjacent formula ( 5 ) include the following skeletons . layer . The electrons injected into the barrier material move 

35 to a structural part that more easily donates electrons ( i . e . , 
has a lower LUMO level ) via the electron - transporting 
structural part , and contribute to injection of electrons into 
the emitting layer . The barrier material used in the invention 
thus exhibits the electron - injecting / transporting function due 

an to the electron - transporting structural part , and makes it 
unnecessary to increase the number of layers of the electron 
transporting region . 

The electron - transporting structural part preferably 
includes one or more partial structures shown by the fol 

- lowing formula . 

X - N 
50 

wherein X , and X , independently represent a carbon atom or 
a nitrogen atom . 

Specific examples of the electron - transporting structural 
part include a monocyclic structure or a fused polycyclic 

Examples of the skeleton of the compound shown by the 55 structure that includes one or more rings selected from rings 
formula ( 6 ) include the following skeletons . shown by the following formulas . 

X22 – X23 
x X24 13 

X15 = X14 X26 = X25 

wherein X11 to X15 and X21 to X26 independently represent 
65 a carbon atom or a nitrogen atom , provided that at least one 

of Xu to X15 and at least one of X21 to X26 represent a 
nitrogen atom . 
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More specifically , the electron - transporting structural part cyclic ring having 5 to 30 ring atoms , and HAr represents a 

includes one or more rings selected from the rings shown by substituted or unsubstituted heterocyclic ring that includes 
the following formulas . an atom that has a lone pair of electrons . Ar or L serves as 

a substituted or unsubstituted triplet barrier structural part , 
5 and HAr serves as a substituted or unsubstituted electron 

- N N transporting structural part when L represents a fused poly 
cyclic aromatic hydrocarbon group . L also serves as an 
electron - transporting structural part when L represents a 
heterocyclic ring that includes an atom that has a lone pair 
of electrons . a and b are an integer from 1 to 4 , provided that 10 one of a and b is 1 . a and b are preferably 1 . 

L in the above polycyclic aromatic compound preferably 
represents a phenylene group , a biphenylene group , a fluo 

It is more preferable that the electron - transporting struc renylene group , or a naphthylene group , and more preferably 
represents a phenylene group . tural part include a ring selected from the heterocyclic rings 15 15 Examples of a substituent that may substitute each group shown by the following formulas . ( Ar , L , and HAr ) include a halogen atom , a hydroxyl group , 
a substituted or unsubstituted amino group , a nitro group , a 
cyano group , a substituted or unsubstituted alkyl group , a 
substituted or unsubstituted alkenyl group , a substituted or 

20 unsubstituted cycloalkyl group , a substituted or unsubsti 
tuted alkoxy group , a substituted or unsubstituted aromatic 
hydrocarbon group , a substituted or unsubstituted aromatic 
heterocyclic group , a substituted or unsubstituted aralkyl 
group , a substituted or unsubstituted aryloxy group , a sub 

25 stituted or unsubstituted alkoxycarbonyl group , and a car 
boxyl group . Examples of a preferable aromatic hydrocar 
bon group include benzene , naphthalene , phenanthrene , 
fluorene , chrysene , fluoranthene , and triphenylene . When 
each group is substituted with a plurality of substituents , the 

30 substituents may form a ring . Examples of a preferable 
substituent include an alkyl group , a phenyl group , and a 
naphthyl group . 

Specific examples of the barrier material are shown 
below . 

' N N 

35 

broso A plurality of electron - transporting structural parts may 40 
be bonded via a single bond . 

For example , ETB1 used in the examples ( described 
below ) includes a benzochrysene ring , two benzene rings , 
and a benzimidazole ring as cyclic structures . The triplet 
energy of benzochrysene is 2 . 4 eV , the triplet energy of 45 
benzene is 3 . 7 eV , and the triplet energy of benzimidazole is 
3 . 3 eV . Therefore , the triplet barrier structural part of ETB1 
is benzochrysene . The electron - transporting structural part 
of ETB1 is benzimidazole that includes a nitrogen atom that 
has one or more lone pairs of electrons . 50 
ET1 used in the examples includes three benzene rings 

and two phenanthroline rings as cyclic structures . The triplet 
energy of benzene is 3 . 7 eV , and the triplet energy of 
phenanthroline is 2 . 8 eV . Therefore , ET1 does not include 
the triplet barrier structural part since phenanthroline that 55 
has the lowest triplet energy is not a fused polycyclic 
aromatic hydrocarbon compound . The electron - transporting 
structural part of ET1 is phenanthroline that includes a 
nitrogen atom that has one or more lone pairs of electrons . 

A polycyclic aromatic compound shown by the following 60 
formula is preferable as the barrier material . 

( HAr - LtatAr ) b 
wherein Ar represents a substituted or unsubstituted fused 
polycyclic aromatic hydrocarbon group , L represents a 65 
single bond , one or more substituted or unsubstituted hydro 
carbon rings having 6 to 30 ring carbon atoms , or a hetero 
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- continued It is preferable that the barrier layer include a donor that 
reduces the barrier material in addition to the barrier mate 
rial . The carrier concentration increases when the barrier 
layer includes the reducing donor . 

5 Examples of the reducing donor include one substance or 
two or more substances selected from the group consisting 
of alkali metals , alkaline - earth metals , rare earth metals , 
alkali metal oxides , alkali metal halides , alkaline - earth metal 
oxides , alkaline - earth metal halides , rare earth metal oxides , 
rare earth metal halides , organic complexes of alkali metals , 
organic complexes of alkaline - earth metals , and organic 
complexes of rare earth metals . 

The emitting layer may include two or more fluorescent 
dopant materials having a main peak wavelength of 550 nm 

15 or less . 
A small - work - function metal - containing layer may be 

provided between the electron - transporting region and the 
cathode . The term " small - work - function metal - containing 
layer ” used herein refers to a layer that includes a small 

20 work - function metal or a small - work - function metal com 
pound . The small - work - function metal - containing layer may 
be formed only of a small - work - function metal or a small 
work - function metal compound , or may be formed by add 
ing a small - work - function metal , a small - work - function 

25 metal compound , or a small - work - function metal complex 
( i . e . , donor ) to a material used to form the electron - trans 
porting layer . The term " small - work - function metal " used 
herein refers to a metal that has a work function of 3 . 8 eV 
or less . Examples of the metal that has a work function of 3 . 8 

30 eV or less include alkali metals , and alkaline - earth metals . 
Examples of the alkali metals include Li , Na , K , and Cs . 
Examples of the alkaline - earth metals include Mg , Ca , Sr , 
and Ba . Further examples of the metal that has a work 
function of 3 . 8 eV or less include Yb , Eu , and Ce . Examples 

35 of a preferable small - work - function metal compound 
include oxides , halides , carbonates , and borates of the small 
work - function metals . Examples of the halides of the small 
work - function metals include fluorides , chlorides , and bro 

The mobility of the barrier material is preferably 10 - 6 mides of the small - work - function metals . Among these , 
cm ? / Vs or more . The mobility of the barrier material is more 40 re 40 fluorides of the small - work - function metals are preferable . 
preferably 10 - 5 cm ? / Vs or more . The term “ mobility ” used For example , LiF is preferably used . Examples of a prefer 
herein refers to a value measured at a thickness of 200 nm able small - work - function metal complex include organic 

complexes of alkali metals , alkaline - earth metals , and rare and a bias DC voltage of 5 V . As the measurement of the 
electron mobility of an organic material , the Time of Flight earth metals . 
method and the like have been known . However , the term 45 < Measurement of TFT Ratio > 
" mobility ” used herein refers to an electron mobility deter When the triplet energies of the host , the dopant and the 
mined by impedance spectroscopy . material for the blocking layer satisfy the specified relation 

The electron mobility is measured by impedance spec ship , the ratio of the luminous intensity derived from TTF 
can be 30 % or more of the total emission . As a result , a high troscopy as described below . The barrier material that pref 

erably has a thickness of about 100 nm to about 200 nm is 30 is 50 efficiency which cannot be realized by conventional fluo 
held between the anode and the cathode . An AC voltage of rescent devices can be attained . 

The ratio of luminous intensity derived from TTF can be 100 mV or less is applied to the barrier material while 
applying a bias DC voltage . An alternating current ( absolute measured by the transient EL method . The transient EL 
value and phase ) that flows through the barrier material is method is a technique for measuring an attenuating behavior 
measured . The measurement is performed while changing » 055 ( transient properties ) of EL emission after removal of a DC 

voltage applied to a device . EL luminous intensity is clas the frequency of the AC voltage , and the complex imped sified into luminous components from singlet excitons ance ( Z ) is calculated from the current value and the voltage 
value . The frequency dependence of the imaginary part which are generated by the first recombination and luminous 

( ImM ) of the modulus M = iwZ ( i : imaginary unit , w : angular components from singlet excitons generated through the 

frequency ) is determined , and the reciprocal of the fre 60 TTF phenomenon . The lifetime of a singlet exciton is very 
short , i . e . on the nanosecond order . Therefore , singlet exci quency w at which the imaginary part 1 mM becomes a 

maximum is defined as the response time of electrons that tons decay quickly after removal of a DC voltage . 
transfer within the barrier layer . The electron mobility is On the other hand , the TTF phenomenon is emission from 

singlet excitons which are generated by triplet excitons calculated by the following expression . 65 having a relatively long lifetime . Therefore , this emission 
Electron mobility = ( thickness of barrier material ) / decays slowly . As apparent from the above , since emission 

( response timexbias DC voltage ) from singlet excitons and emission from triplet excitons 
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differ largely in respect of time , the luminous intensity tandem device configuration ) . A carrier - generating layer 
derived from TTF can be obtained . Specifically , the lumi ( CGL ) is provided between two emitting layers . The elec 
nous intensity can be determined by the following method . tron - transporting region may be provided corresponding to 

The transient EL waveform is measured as mentioned each unit . At least one of the emitting layers is a fluorescent 
below ( see FIG . 4 ) . A pulse voltage waveform output from 5 emitting laver , and the unit including the fluorescent emit 
a voltage pulse generator ( PG ) is applied to an EL device . ting layer satisfies the above requirements . Specific The voltage waveform of an applied voltage is captured by examples of the configuration are shown below . Each emit an oscilloscope ( OSC ) . When a pulse voltage is applied to an ting layer may be formed by stacking a plurality of emitting EL device , the EL device gives pulse emission . This emis layers . sion is captured by an oscilloscope ( OSC ) through a pho 
tomultiplier tube ( PMT ) . The voltage waveform and the 10 Anode / fluorescent emitting layer / carrier - generating layer / 
pulse emission are synchronized and the resultant is cap fluorescent emitting layer / barrier layer / cathode 
tured by a personal computer ( PC ) . Anode / fluorescent emitting layer / barrier layer / carrier 

Further , the ratio of the luminous intensity derived from generating layer / fluorescent emitting layer / cathode 
TTF is determined as follows by the analysis of a transient Anode / fluorescent emitting layer / barrier layer / carrier 
EL waveform . 15 generating layer / fluorescent emitting layer / barrier layer / 

By solving the rate equation of the decay behavior of cathode 
triplet excitons , the decay behavior of the luminous intensity Anode / phosphorescent emitting layer / carrier - generating 
based on the TTF phenomenon is modelized . The time decay layer / fluorescent emitting layer / barrier layer / cathode 
of the density of triplet excitons n , within the emitting layer Anode / fluorescent emitting layer / barrier layer / carrier 
can be expressed by the following rate equation by using the 20 generating layer / phosphorescent emitting layer / cathode 
decay rate a due to the life of triplet excitons and the decay FIG . 6 shows an example of an organic EL device 
rate y due to the collision of triplet excitons : according to a second embodiment of the invention . An 

organic EL device 1 includes an anode 10 , emitting layers 22 
and 24 , and a cathode 40 that are stacked in this order . A 

ant = - & : nt – y . nz 25 carrier - generating layer 60 is provided between the emitting 
layers 22 and 24 . A barrier layer 32 is provided adjacent to 
at least one of the emitting layer 22 or 24 . At least one of the 
emitting layer 22 or 24 that is adjacent to the barrier layer 32 By approximately solving this differential equation , the 

following formula can be obtained . Here , ITTF is a luminous is a fluorescent emitting layer that satisfies the requirements 
intensity derived from TTF and A is a constant . If the 30 of the invention . The emitting layer 22 or 24 that is not 

adjacent to the barrier layer 32 may be a fluorescent emitting transient EL emission is based on TTF , the inverse of the 
square root of the intensity is expressed as an approximately layer , or may be a phosphorescent emitting layer . 

An electron - transporting region and / or a hole - transport straight line . The measured transient EL waveform data is fit 
to the following approximation equation , thereby to obtain ing region may be provided between the emitting layers 22 
constant A . A luminous intensity 1 / A² when t = 0 at which a 35 and 24 . The organic EL device may include three or more 
DC voltage is removed is defined as a luminous intensity emitting layers , and may include two or more carrier 
ratio derived from TTF . generating layers . When the organic EL device includes 

three or more emitting layers , the carrier - generating layer 
may not be provided between some of the emitting layers . 

40 The carrier - generating layer may be formed using the 
= X A + y . t material disclosed in U . S . Pat . No . 7 , 358 , 661 , U . S . patent Vlite application Ser . No . 10 / 562 , 124 , or the like . 

dt 

The left graph in FIG . 5 is a measurement example in Third Embodiment 
which a predetermined DC voltage was applied to an EL 45 
device and then removed , which shows changes with time in An organic EL device according to a third embodiment of 
the luminous intensity of the EL device . In the left graph in the invention includes an anode , a plurality of emitting 
FIG . 5 , a DC voltage was removed after the lapse of about layers , an electron - transporting region , and a cathode that 
3x10 - 8 second . In the graph , the luminance when removing are stacked in this order , and includes a carrier barrier layer 
a voltage is shown as 1 . After the rapid decay until about 50 between two emitting layers among the plurality of emitting 
2x10 ' second , mild decay components appear . The right layers , the emitting layer that is adjacent to the electron 
graph in FIG . 5 is obtained by setting the time of the removal transporting region being a fluorescent emitting layer that 
of a voltage to zero and plotting the inverse of the root satisfies the above requirements . 
square of a luminous intensity until 10 - 5 second after the Examples of a preferable configuration of the organic EL 
removal of a voltage . It is apparent that the graph can be very 55 device according to the third embodiment include a con 
approximate to a straight line . When the straight line portion figuration in which an anode , a first emitting layer , a carrier 
is extended to the time origin , the value of an intersection A barrier layer , a second emitting layer , and a cathode are 
of the straight line portion and the ordinate axis is 2 . 41 . A stacked in this order ( see Japanese Patent No . 4134280 , 
luminous intensity ratio derived from TTF obtained from US2007 / 0273270A1 , and WO2008 / 023623A1 ) , wherein an 
this transient EL waveform is 1 / 2 . 412 = 0 . 17 . This means that 60 electron - transporting region that includes a barrier layer that 
the luminous intensity derived from TTF accounts for 17 % prevents diffusion of triplet excitons is provided between the 
of the total emission intensity . second emitting layer and the cathode . The term " carrier 

barrier layer ” used herein refers to a layer that adjusts 
Second Embodiment injection of carriers into the emitting layer , and adjusts the 

65 carrier balance between electrons and holes injected into the 
The device according to the invention may include at least emitting layer by providing an HOMO level / LUMO level 

two emitting layers ( units including the emitting layer ) ( i . e . , energy barrier between the adjacent emitting layers . 
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Specific examples of the configuration are shown below . In a top - emission organic EL device 3 , a blue pixel B , a 
Anode / first emitting layer / carrier barrier layer / second green pixel G , and a red pixel R are arranged in parallel on 

emitting layer / electron - transporting region / cathode a common substrate 100 . 
Anode / first emitting layer / carrier barrier layer / second The blue pixel B includes an anode 10 , a hole - transporting 

emitting layer / third emitting layer / electron - transporting 5 region 50 , a blue - emitting layer 20B , an electron - transport 
region / cathode ing region that includes a barrier layer 32 , a cathode 40 , and 

It is preferable to provide a hole - transporting region a protective layer 70 , sequentially . 
between the anode and the first emitting layer in the same The green pixel G includes an anode 10 , a hole - transport 
manner as in the above embodiments . ing region 50 , a green - emitting layer 20G , an electron 

FIG . 7 shows an example of the organic EL device 10 transporting region that includes a barrier layer 32 , a cathode 
according to the third embodiment . The upper part of FIG . 40 , and a protective layer 70 , sequentially . 
7 shows the device configuration , and the HOMO energy . The red pixel R includes an anode 10 , a hole - transporting 
level and the LUMO energy level of each layer . The lower region 50 , a red - emitting layer 20R , an electron - transporting 
part of FIG . 7 shows the relationship between the energy gap region that includes a barrier layer 32 , a cathode 40 , and a 
of the third emitting layer and the energy gap of the barrier 15 protective layer 70 , sequentially 
layer . An insulating film 200 is formed between the anodes of 

An organic EL device 2 shown in FIG . 7 includes an the adjacent pixels so as to insulate the adjacent pixels . 
anode , a first emitting layer , a second emitting layer , a third In the organic EL device 3 , the barrier layer is provided 
emitting layer , an electron - transporting region , and a cath - in common for the blue pixel B , the red pixel R , and the 
ode that are stacked in this order , and further includes a 20 green pixel G . 
carrier barrier layer between the first emitting layer and the The barrier layer included in a blue fluorescent device 
second emitting layer . The electron - transporting region achieves a significant effect on luminous efficiency in com 
includes a barrier layer . The third emitting layer is a fluo - pared with that has been attained . Note that the barrier layer 
rescent emitting layer that satisfies the requirements of the can confine the energy of triplet excitons in the emitting 
invention . The first emitting layer and the second emitting 25 layer when used for a green fluorescent device or a red 
layer may be a fluorescent emitting layer , or may be a fluorescent device . Therefore , the luminous efficiency is 
phosphorescent emitting layer . similarly expected to be improved . 

The device according to the third embodiment may be It is also possible to confine the energy of triplet excitons 
suitable as a white emitting device . White light may be in a phosphorescent emitting layer , and prevent diffusion of 
emitted by adjusting the emission color of the first emitting 30 triplet excitons . This makes it possible to improve the 
layer , the second emitting layer , and the third emitting layer . luminous efficiency of the phosphorescent dopant material . 
The device may include only the first emitting layer and the The hole - transporting region includes a hole - injecting 
second emitting layer as the emitting layers , and white light layer and / or a hole - transporting layer , for example . The 
may be emitted by adjusting the emission color of the first hole - transporting region may or may not be provided cor 
emitting layer and the second emitting layer . In this case , the 35 responding to each pixel in common . The hole - transporting 
second emitting layer is a fluorescent emitting layer that region is normally configured to be suitable for each emis 
satisfies the requirements of the invention . sion color . 

In particular , a white emitting device that includes only a The organic layer that includes the emitting layers 20B , 
fluorescent material , but exhibits a high luminous efficiency 20G , and 20R and the barrier layer is not limited to the 
as compared with a conventional white emitting device can 40 configuration shown in FIG . 8 . The configuration of the 
be implemented by utilizing a hole - transporting material as organic layer may be appropriately changed . 
a host material for the first emitting layer , adding a fluores It is preferable that the green - emitting layer include a host 
cent dopant material having a main peak wavelength of material and a dopant material described below . A fused 
greater than 550 nm to the host material , utilizing an aromatic ring derivative is preferable as the host material . 
electron - transporting material as a host material for the 45 An anthracene derivative , a pyrene derivative , or the like is 
second emitting layer ( and the third emitting layer ) , and preferable as the fused aromatic ring derivative from the 
adding a fluorescent dopant material having a main peak viewpoint of the luminous efficiency and the lifetime . 
wavelength of 550 nm or less to the host material . A heteroring - containing compound may also be used as 

In particular , referring to the hole - transporting layer adja - the host material . Examples of the heteroring - containing 
cent to the emitting layer , in order to effectively cause the 50 compound include carbazole derivatives , dibenzofuran 
TTF phenomenon to occur , it is preferable that the triplet derivatives , ladder - type furan compounds , and pyrimidine 
energy of the hole - transporting material be larger than the derivatives . 
triplet energy of the host material . However , since the triplet The dopant material is not limited as long as the dopant 
energy of a normal hole - transporting material is larger than material functions as a dopant , but is preferably an aromatic 
that of the host material , it is considered that selection of the 55 amine derivative from the viewpoint of the luminous efli 
hole - transporting material is not a special matter of device ciency and the like . A fused aromatic ring derivative that 
design when achieving the effects and advantages of the includes a substituted or unsubstituted arylamino group is 
invention . preferable as the aromatic amine derivative . Examples of 

such a compound include pyrene , anthracene , and chrysene 
Fourth Embodiment 60 that include an arylamino group . 

A styrylamine compound is also preferable as the dopant 
In a fourth embodiment of the invention , a blue pixel , a material . Examples of the styrylamine compound include 

green pixel , and a red pixel are arranged on a substrate . styrylamines , styryldiamines , styryltriamines , and styrylte 
Among them , the blue pixel and / or the green pixel has the tramines . The term “ styrylamine ” used herein refers to a 
configuration according to the first embodiment . 65 compound in which a substituted or unsubstituted arylamine 

FIG . 8 shows an example of an organic EL device is substituted with at least one arylvinyl group . The arylvinyl 
according to the fourth embodiment . group may be substituted with a substituent . Examples of the 
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ETB1 

ETB2 

ETB3 

substituent include an aryl group , a silyl group , an alkyl 
group , a cycloalkyl group , and an arylamino group . The 
substituent may be substituted with another substituent . 

A boron complex or a fluoranthene compound is also 
preferable as the dopant material . A metal complex is also 
preferable as the dopant material . Examples of the metal 
complex include an iridium complex and a platinum com 
plex . 

It is preferable that the red - emitting layer include a host 
material and a dopant material described below . A fused 
aromatic ring derivative is preferable as the host material . A 10 
naphthacene derivative , a pentacene derivative , or the like is 
preferable as the fused aromatic ring derivative from the 
viewpoint of the luminous efficiency and the lifetime . 

A fused polycyclic aromatic compound may also be used 
as the host material . Examples of the fused polycyclica 
aromatic compound include naphthalene compounds , 
phenanthrene compounds , and fluoranthene compounds . 
An aromatic amine derivative is preferable as the dopant 

material . A fused aromatic ring derivative that includes a 
substituted or unsubstituted arylamino group is preferable as 
the aromatic amine derivative . Examples of such a com - 20 
pound include periflanthene that includes an arylamino 
group . 

A metal complex is also preferable as the dopant material . 
Examples of the metal complex include an iridium complex 
and a platinum complex . 

The device according to the fourth embodiment is fabri - 23 
cated as described below , for example . 

An Ag - Pd - Cu ( APC ) layer ( silver alloy layer ) ( reflec 
tive layer ) and a transparent conductive layer ( e . g . , zinc 
oxide ( IZO ) film or a tin oxide film ) are sequentially formed 
on a substrate . The conductive material layer is patterned 30 
using usual lithographic technology by etching the conduc 
tive material layer using a resist pattern as a mask to form 
an anode . An insulating film is formed on the anode by 
spin - coating a photosensitive resin ( e . g . , polyimide ) . The 
insulating film is then exposed , developed , and cured to 
expose the anode . A blue emitting region , a green emitting 3 . 
region , and a red emitting region are thus patterned . 

A red pixel electrode , a green pixel electrode , and a blue 
pixel electrode are provided as the anode . The blue pixel 
electrode , the green pixel electrode , and the red pixel 
electrode respectively correspond to the blue emitting 40 
region , the green emitting region , and the red emitting 
region . The substrate is cleaned for 5 minutes using isopro 
pyl alcohol , and then subjected to UV ozone cleaning for 30 
minutes . A hole - injecting layer and a hole - transporting layer 
are then formed . Specifically , the hole - injecting layer is 
stacked over the entire surface of the substrate , and the 45 
hole - transporting layer is stacked on the hole - injecting layer . 
Emitting layers are formed corresponding to the positions of 
the red pixel anode , the green pixel anode , and the blue pixel 
anode . When using vacuum vapor deposition , the blue 
emitting layer , the green - emitting layer , and the red - emitting 50 
layer are finely patterned using a shadow mask . 

The barrier layer is then stacked over the entire surface of 
the substrate . If an electron - injecting layer is formed , then it 
is optionally stacked over the entire surface of the barrier 
layer . Mg and Ag are then deposited to form a semi 
transparent cathode formed of an Mg — Ag alloy . 

The substrate , the anode , the cathode , the hole - injecting 
layer , the hole - transporting layer , and the like used in the 
invention may be appropriately formed using the materials 
disclosed in PCT / JP2009 / 053247 , PCT / JP2008 / 073180 , 
U . S . patent application Ser . No . 12 / 376 , 236 , U . S . patent 60 
application Ser . No . 11 / 766 , 281 , U . S . patent application Ser . 
No . 12 / 280 , 364 , and the like . 

0890 
ETB4 

ETB5 

og og 
EXAMPLES 

05 
The following materials were used in the examples and 

comparative examples . 
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ETB6 

ETB10 
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15 

ETB7 ETB11 

20 . 25 

ETB12 

30 
ETB8 

35 

AN 

4 ) 

ETB13 

ETB9 
45 

50 - - - - 

? 

55 ETB14 
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65 
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- continued 
ET1 BH2 

10 

15 

BD1 

BH3 
20 

CN 

25 

BD2 

BH4 

Main peak wavelength : 442 nm Main peak wavelength : 50 
457 nm ( fluorescence spectrum ( toluene solution ) ) ( fluores 
cence spectrum ( toluene solution ) ) 

BH5 

55 
BH1 

- 
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( E ? ) calculated using the above quantum chemical calcula 
HT1 tions is used for the assumption . 

The triplet energy of each cyclic structure is shown below . 
5 Benzene : 3 . 67 eV 

Phenanthrene : 2 . 70 eV 
Naphthalene : 2 . 63 eV 
Benzo [ g ] chrysene : 2 . 43 eV 

10 Fluoranthene : 2 . 30 eV 
Pyrene : 2 . 11 eV 
Anthracene : 1 . 85 eV 
Benzimidazole : 3 . 31 eV 

15 1 , 10 - Phenanthroline : 2 . 75 eV 
( 2 ) Ionization Potential 

The ionization potential was measured using a device for 
performing photoelectron spectroscopy in air ( “ AC - 3 ” 
manufactured by Riken Keiki Co . , Ltd . ) . Specifically , light 
was applied to the material , and the amount of electrons 
generated due to charge separation was measured . 
( 3 ) Affinity ( Af ) 

25 The affinity was calculated from the ionization potential 
measured and the energy gap measured . The energy gap was 
measured from the absorption edge of the absorption spec 
trum in benzene . Specifically , the absorption spectrum was 
measured using a commercially available ultraviolet - visible 
spectrophotometer , and the energy gap was calculated from 
the wavelength at the rising edge of the absorption spectrum . 

HT2 

30 

TABLE 1 
Compound 
name 

Ip 
( CV ) 

Af 
( eV ) 

ES 
( LV ) 

E T 
( CV ) 

The property values of the materials are shown in Table 35 
1 . The property values were measured by the following 
methods . 
( 1 ) Triplet Energy ( E ? ) 

The triplet energy ( E ? ) was measured using a fluorescence 
spectrophotometer “ F - 4500 ” ( manufactured by Hitachi , 
Ltd . ) . The triplet energy ( E ? ) was converted by the following 
expression . 

3 . 32 
3 . 30 
3 . 12 
3 . 76 
2 . 84 
3 . 46 
3 . 63 
3 . 19 
3 . 03 

2 . 40 
2 . 10 
2 . 27 
2 . 50 
2 . 15 

40 ) 

2 . 46 
2 . 69 

3 . 11 ET ( EV ) = 1239 . 85 / hedge 45 
When a tangent to the shorter - wavelength - side edge of the 

phosphorescence spectrum ( vertical axis : phosphorescence 
intensity , horizontal axis : wavelength ) is drawn , " edge ” 
refers to the wavelength at the intersection of the tangent and 
the horizontal axis . The unit for " edge ” is nm . 50 

Note that the triplet energy ( EP ) may also be determined 
by the following quantum chemical calculations . 

The quantum chemical calculations may be performed 
using a quantum chemical calculation program “ Gauss 
ian03 ” ( manufactured by Gaussian ( USA ) ) . The program 55 
“ Gaussian03 ” was developed by J . A . Pople ( winner of the 
1998 Nobel Prize in Chemistry ) et al . The program “ Gauss 
ian03 " can estimate the properties ( e . g . , energy , structure , 
and normal vibration ) of molecules of various molecular 
systems by utilizing various quantum chemical calculation 60 
methods . The density functional theory ( DFT ) is used for the 
quantum chemical calculations . The structure is optimized 
using the B3LYP functional and the 6 - 31G * basis function , 
and the triplet energy is calculated by the time - dependent 
density functional theory ( TD - DFT ) . 65 

A phosphorescence spectrum may not be observed for a 
specific organic compound . In this case , the triplet energy 

ETB1 
ETB2 
ETB3 
ETB4 
ETB5 
ETB6 
ETB7 
ETBS 
ETB9 
ETB10 
ETB11 
ETB12 
ETB13 
ETB14 
ET1 
BD1 
BD2 
BH1 
BH2 
BH3 
BH4 
BH5 
HT1 
HT2 

6 . 04 
5 . 91 
6 . 03 
6 . 28 
6 . 01 
6 . 12 
6 . 19 
6 . 00 
6 . 06 
5 . 99 
6 . 03 
6 . 20 
6 . 00 
5 . 88 
6 . 13 
5 . 95 
5 . 48 
6 . 02 
6 . 02 
6 . 12 
5 . 98 
6 . 00 
5 . 50 
5 . 60 

2 . 72 
2 . 61 
2 . 91 
2 . 52 
3 . 17 
2 . 66 
2 . 56 
2 . 81 
3 . 03 
2 . 88 
2 . 91 
3 . 13 
3 . 11 
2 . 59 
2 . 84 
3 . 14 
2 . 72 
3 . 02 
2 . 98 
3 . 00 
2 . 97 
2 . 99 
2 . 47 
2 . 33 

3 . 12 
3 . 07 
2 . 88 
3 . 29 
3 . 29 
2 . 81 
2 . 80 
3 . 00 
3 . 04 
3 . 12 
3 . 01 
3 . 01 
3 . 03 
3 . 27 

2 . 09 
2 . 23 
2 . 14 
2 . 26 
2 . 26 
2 . 26 
2 . 36 
2 . 60 
2 . 14 
2 . 10 
1 . 83 
1 . 83 
2 . 27 
1 . 83 
1 . 82 
2 . 64 
2 . 60 

Synthesis Example 1 

( A ) Synthesis of benzo [ g ] chrysene - 10 - boronic acid 

Benzo [ g ] chrysene - 10 - boronic acid was synthesized in 
accordance with the following synthesis scheme . 
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OHC 
purified by silica gel column chromatography to obtain 25 . 0 
g of the target 9 - ( 2 - formylphenyl ) phenanthrene ( yield : 
89 % ) . 

- Br ( HO2 ) B ( A - 2 ) Synthesis of 9 - [ 2 - ( 2 - methoxyvinyl ) phenyl ] 
phenanthrene 

Pd ( PPh34 
Na2CO3aq 
DME 

OHC 
Meo 

Phz 

t - BuOK 
THF 

A reaction vessel was charged with 25 . 0 g of 9 - ( 2 
formylphenyl ) phenanthrene , 33 . 4 g of methoxymethyltriph 
enylphosphonium chloride , and 300 mL of tetrahydrofuran 
( THF ) in an argon atmosphere . 11 . 9 g of t - butoxypotassium 
was added to the mixture at room temperature with stirring . 
After stirring the reaction solution at room temperature for 
2 hours , 200 mL of water was added to the reaction solution . 

15 The reaction solution was extracted with diethyl ether , and 
the aqueous phase was removed . The organic phase was 
washed with water and a saturated sodium chloride solution , 
and dried over magnesium sulfate . After removing magne 
sium sulfate by filtration , the organic phase was concen 
trated . The residue was purified by silica gel column chro 
matography to obtain 24 . 0 g of the target 9 - [ 2 - ( 2 
methoxyvinyl ) phenyl ] phenanthrene ( yield : 87 % ) . 

Meo 

MeSO3H 

( A - 3 ) Synthesis of benzo [ g ] chrysene 
25 

NBS 
DMF 

A reaction vessel was charged with 24 . 0 g of 9 - [ 2 - ( 2 
methoxyvinyl ) phenyl ] phenanthrene and 100 mL of dichlo 
romethane . 6 drops of methanesulfonic acid were added to 
the mixture using a Pasteur pipette at room temperature with 

30 stirring . The mixture was stirred at room temperature for 8 
hours . After completion of the reaction , 100 mL of a 10 % 
potassium carbonate aqueous solution was added to the 
mixture . After removing the aqueous phase , the organic 
phase was washed with water and a saturated sodium 

35 chloride solution , and dried over magnesium sulfate . After 
removing magnesium sulfate by filtration , the organic phase 
was concentrated . The residue was purified by silica gel 
column chromatography to obtain 5 . 21 g of the target 
benzo [ g ] chrysene ( yield : 25 % ) . 

Br 

n - BuLi 

B ( OiPr ) 3 
40 

( A - 4 ) Synthesis of 10 - bromobenzo [ g ] chrysene 
B ( OH ) 2 A flask was charged with 5 . 21 g of benzo [ g ] chrysene and 

50 mL of N , N - dimethylformamide . An N , N - dimethylforma 
45 mide ( 10 mL ) solution of 4 . 00 g of N - bromosuccinimide 

was added to the mixture . The mixture was stirred at 80° C . 
for 8 hours . After cooling the mixture to room temperature , 
the reaction solution was poured into 200 mL of water . A 
solid that precipitated by this operation was collected by 

50 filtration , and washed with water and methanol . The result 
ing solid was purified by silica gel column chromatography 
to obtain 5 . 87 g of the target 10 - bromobenzo [ g ] chrysene 
( yield : 88 % ) . 

( A - 1 ) Synthesis of 9 - ( 2 - formylphenyl ) phenanthrene 55 ( A - 5 ) Synthesis of benzo [ g ] chrysene - 10 - boronic 
acid 

A flask was charged with 25 . 7 g of 9 - bromophenanthrene , 
16 . 5 g of 2 - formylphenylboronic acid , and 2 . 31 g of tetrakis A flask was charged with 5 . 87 g of 10 - bromobenzo [ g ] 
( triphenylphosphine ) palladium ( 0 ) in an argon atmosphere . chrysene in an argon atmosphere . 100 mL of dehydrated 
After the addition of 340 mL of dimethyl ether ( DME ) and 60 diethyl ether was then added to the flask . After cooling the 
170 mL of a 2 M sodium carbonate aqueous solution , the reaction solution to - 40° C . , 11 mL of a 1 . 6 M hexane 
mixture was heat refluxed with stirring for 8 hours . After solution of n - butyllithium was added to the reaction solu 
cooling the mixture to room temperature , the aqueous phase tion . The mixture was heated to 0° C . , and stirred for 1 hour . 
was removed . The organic phase was washed with water and After cooling the reaction solution to - 60° C . , a dehydrated 
a saturated sodium chloride solution , and dried over mag - 65 diethyl ether ( 10 mL ) solution of 7 . 72 g of triisopropyl 
nesium sulfate . After removing magnesium sulfate by fil - borate was added dropwise to the reaction solution . The 
tration , the organic phase was concentrated . The residue was reaction solution was stirred at room temperature for 5 
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hours . After the addition of 50 mL of a 10 % hydrochloric niline were stirred at 180° C . for 8 hours in an argon 
acid aqueous solution , the mixture was stirred for 1 hour . atmosphere . After cooling the reaction solution to room 
After removing the aqueous phase , the organic phase was temperature , the reaction solution was diluted with ethyl 
washed with water and a saturated sodium chloride solution , acetate , and filtered . After concentrating the filtrate , the 
and dried over magnesium sulfate . After removing magne - 5 residue was washed with methanol to obtain 3 . 8 g of 
sium sulfate by filtration , the organic phase was concen ( 4 - bromophenyl ) - ( 2 - nitrophenyl ) amine as an orange crystal trated . The resulting solid was washed with hexane to obtain 
3 . 18 g of the target benzo [ g ] chrysene - 10 - boronic acid ( yield : 22 % ) . 
( yield : 60 % ) . ( B - 2 ) Synthesis of N - [ 2 - ( 4 - bromophenylamino ) 

Synthesis Example 2 phenyl ] benzamide 10 

( B ) Synthesis of 
1 - ( 4 - bromophenyl ) - 2 - phenyl - 1H - benzimidazole 

1 - ( 4 - Bromophenyl ) - 2 - phenyl - 1H - benzimidazole was 
synthesized in accordance with the following synthesis 
scheme . 

3 . 8 g ( 13 mmol ) of ( 4 - bromophenyl ) - ( 2 - nitrophenyl ) 
amine was dissolved in 30 mL of tetrahydrofuran . A solution 
of 11 g ( 64 mmol ) of sodium hydrosulfite in 30 mL of water 
was added dropwise to the solution while stirring the solu 
tion at room temperature in an argon atmosphere . After 
stirring the mixture for 5 hours , 20 mL of ethyl acetate was 
added to the mixture . A solution of 2 . 2 g ( 26 mmol ) of 

20 sodium hydrogen - carbonate in 20 mL of water was then 
added to the mixture . After the dropwise addition of a 
solution of 2 . 5 g ( 18 mmol ) of benzoyl chloride in 10 mL of 
ethyl acetate , the mixture was stirred at room temperature 
for 1 hour . The mixture was then extracted with ethyl 

25 acetate , washed with water and a saturated sodium chloride 
solution sequentially , and dried over anhydrous sodium 
sulfate . The solvent was then evaporated under reduced 
pressure to obtain 2 . 1 g of N - [ 2 - ( 4 - bromophenylamino ) 
phenyl ] benzamide ( yield : 45 % ) . 

_ NO2 Br — - NH2 

ACONa 

_ NO2 

1 ) Na2S204 
30 

( B - 3 ) Synthesis of 1 - ( 4 - bromophenyl ) - 2 - phenyl - 1H 
benzimidazole 

NH 

2 . 1 g ( 5 . 7 mmol ) of N - [ 2 - ( 4 - bromophenylamino ) phenyl ] 
35 benzamide was suspended in 30 mL of xylene . After the 

addition of 0 . 6 g ( 2 . 9 mmol ) of p - toluenesulfonic acid 
monohydrate , the mixture was subjected to azeotropic dehy 
dration under reflux for 3 hours . After allowing the reaction 
solution to cool , ethyl acetate , methylene chloride , and water 

40 were added to the reaction solution , and an insoluble com 
ponent was removed by filtration . The organic phase was 
extracted from the mother filtrate , washed with water and a 
saturated sodium chloride solution , and dried over anhy 
drous sodium sulfate . The solvent was then evaporated 

45 under reduced pressure . The residue was purified by silica 
gel column chromatography to obtain 1 . 0 g of 1 - ( 4 - bro 
mophenyl ) - 2 - phenyl - 1H - benzimidazole as a slightly pinkish 
white crystal ( yield : 52 % ) . 

p - TSOH 

NH 

Br 50 Synthesis Example 3 

Synthesis of ETB1 

A flask was charged with 3 . 0 g of benzo [ g ] chrysene - 10 
55 boronic acid , 3 . 5 g of 1 - ( 4 - bromophenyl ) - 2 - phenyl - 1H - ben 

zimidazole , 0 . 231 g of tetrakis ( triphenylphosphine ) palla 
dium ( 0 ) , 40 mL of dimethoxyethane , and 20 mL of a 2 M 
sodium carbonate aqueous solution in an argon atmosphere . 
The mixture was heat refluxed with stirring for 8 hours . 

60 After cooling the reaction solution to room temperature , the 
reaction solution was extracted with toluene . After removing 
the aqueous phase , the organic phase was washed with 
water , and dried over magnesium sulfate . After filtering the 
organic phase , the solvent was evaporated under reduced 

65 pressure . The residue was purified by silica gel column 
chromatography to obtain 3 . 8 g of a light yellow solid . As a 
result of mass spectrum analysis , it was found that the 

( B - 1 ) Synthesis of 
( 4 - bromophenyl ) - ( 2 - nitrophenyl ) amine 

10 g ( 49 . 5 mmol ) of 2 - bromonitrobenzene , 13 g ( 163 
mmol ) of sodium acetate , and 10 g ( 59 mmol ) of 4 - bromoa 



74 
US RE47 , 654 E 

73 
resulting compound was the following compound ( ETB1 ) . 
The compound had a molecular weight of 546 . 21 
( m / e = 546 ) . 

- continued 

- Br 

10 Br 

( C - 1 ) Synthesis of 
( 3 - bromophenyl ) - ( 2 - nitrophenyl ) amine - B ( OH ) 2 

Pd ( PPh34 
Na2CO3aq 
DME 

15 10 g ( 49 . 5 mmol ) of 2 - bromonitrobenzene , 13 g ( 163 
mmol ) of sodium acetate , and 10 g ( 59 mmol ) of 3 - bromoa 
niline were stirred at 180° C . for 8 hours in an argon 
atmosphere . After cooling the reaction solution to room 
temperature , the reaction solution was diluted with ethyl 

20 acetate , and filtered . After concentrating the filtrate , the 
residue was washed with methanol to obtain ( 3 - bromophe 
nyl ) - ( 2 - nitrophenyl ) amine . 

AN 

( C - 2 ) Synthesis of N - [ 2 - ( 3 - bromophenylamino ) 
phenylbenzamide 

ETB1 

Synthesis Example 4 
( C ) Synthesis of 

1 - ( 3 - bromophenyl ) - 2 - phenyl - 1H - benzimidazole 

3 . 8 g ( 13 mmol ) of ( 3 - bromophenyl ) - ( 2 - nitrophenyl ) 
amine was dissolved in 30 mL of tetrahydrofuran . A solution 
of 11 g ( 64 mmol ) of sodium hydrosulfite in 30 mL of water 
was added dropwise to the solution while stirring the solu 

30 tion at room temperature in an argon atmosphere . After 
stirring the mixture for 5 hours , 20 mL of ethyl acetate was 
added to the mixture . A solution of 2 . 2 g ( 26 mmol ) of 
sodium hydrogen - carbonate in 20 mL of water was then 
added to the mixture . After the dropwise addition of a 
solution of 2 . 5 g ( 18 mmol ) of benzoyl chloride in 10 mL of 
ethyl acetate , the mixture was stirred at room temperature 
for 1 hour . The mixture was then extracted with ethyl 
acetate , washed with a 10 % potassium carbonate aqueous 
solution , water , and a saturated sodium chloride solution 
sequentially , and dried over anhydrous sodium sulfate . The 
solvent was then evaporated under reduced pressure to 
obtain N - [ 2 - ( 3 - bromophenylamino ) phenyl ] benzamide . 

?? 

NH2 

ACONa 

Br 
NO2 

( C - 3 ) Synthesis of 1 - ( 3 - bromophenyl ) - 2 - phenyl - 1H 
benzimidazole 45 

1 ) Na2S204 NH 
2 ) 

Br 

2 . 1 g ( 5 . 7 mmol ) of N - [ 2 - ( 3 - bromophenylamino ) phenyl ] 
benzamide was suspended in 30 mL of xylene . After the 
addition of 0 . 6 g ( 2 . 9 mmol ) of p - toluenesulfonic acid 

50 monohydrate , the mixture was subjected to azeotropic dehy 
dration under heat reflux for 3 hours . After allowing the 
reaction solution to cool , ethyl acetate , methylene chloride , 
and water were added to the reaction solution , and an 
insoluble component was removed by filtration . The organic 

55 phase was extracted from the mother filtrate , washed with 
water and a saturated sodium chloride solution , and dried 
over magnesium sulfate . The solvent was then evaporated 
under reduced pressure . The residue was purified by silica 
gel column chromatography to obtain 1 - ( 3 - bromophenyl ) 

60 2 - phenyl - 1H - benzimidazole . 

NH 

p - TsOH 

NH 
Synthesis Example 5 

Synthesis of ETB3 
65 

Br A flask was charged with 2 . 7 g of fluoranthene - 3 - boronic 
acid , 3 . 5 g of 1 - ( 3 - bromophenyl ) - 2 - phenyl - 1H - benzimida 
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- continued 
Meo 

Br 
MeSO3H 
CH2Cl2 

zole synthesized in Synthesis Example 4 , 0 . 231 g of tetrakis 
( triphenylphosphine ) palladium ( 0 ) , 40 mL of dimethoxy 
ethane , and 20 mL of a 2 M sodium carbonate aqueous 
solution in an argon atmosphere . The mixture was heat 
refluxed with stirring for 8 hours . After cooling the reaction 5 
solution to room temperature , the reaction solution was 
extracted with toluene . After removing the aqueous phase , 
the organic phase was washed with water , and dried over 
magnesium sulfate . After filtering the organic phase , the 
solvent was evaporated under reduced pressure . The residue 10 
was purified by silica gel column chromatography . As a 
result of mass spectrum analysis , it was found that the 
resulting purified product was the following compound 
( ETB3 ) . The compound had a molecular weight of 470 . 18 
( m / e = 470 ) . 15 

Inder reduce Chromatoeunal that the 1 ) n - BuLi 
2 ) B ( OiPr ) 3 
3 ) HCI 

Br 
20 

( HO ) 2B 

- B ( OH ) 2 25 

Pd ( PPh34 
Na2COzaq 
DME ( A - 1 ) Synthesis of 

1 - bromo - 4 - ( 2 - formylphenyl ) naphthalene 
30 A flask was charged with 230 g of 1 , 4 - dibromonaphtha 

lene , 121 g of 2 - formylphenylboronic acid , and 18 . 5 g of 
tetrakis ( triphenylphosphine ) palladium ( 0 ) in an argon atmo 
sphere . After the addition of 2 . 4 L of dimethoxyethane 
( DME ) and 1 . 2 L of a 2 M sodium carbonate aqueous 
solution , the mixture was heat refluxed with stirring for 8 
hours . The mixture was then cooled to room temperature . 
After removing the aqueous phase , the organic phase was 
washed with water and a saturated sodium chloride solution , 
and dried over magnesium sulfate . After removing magne 

40 sium sulfate by filtration , the organic phase was concen 
trated . The residue was purified by silica gel column chro 
matography to obtain 170 g of the target 1 - bromo - 4 - ( 2 
formylphenyl ) naphthalene ( yield : 67 % ) . 

ETB3 

Synthesis Example 6 

( A ) Synthesis of benzo [ c ] phenanthrene - 5 - boronic 
acid 45 ( A - 2 ) Synthesis of 1 - bromo - 4 - [ 2 - ( 2 - methoxyvinyl ) 

phenyl ] naphthalene 
Benzo [ c ] phenanthrene - 5 - boronic acid was synthesized in 

accordance with the following synthesis scheme . 

OHC 

( HO ) 2B 
Br - Br 

A reaction vessel was charged with 170 g of 1 - bromo - 4 
( 2 - formylphenyl ) naphthalene , 207 g of methoxymethyltri 

50 phenylphosphonium chloride , and 2 . 0 L of tetrahydrofuran 
( THF ) in an argon atmosphere . 73 . 6 g of t - butoxypotassium 
was added to the mixture at room temperature with stirring . 
After stirring the reaction solution at room temperature for 
2 hours , 1 . 5 L of water was added to the reaction solution . 
The reaction solution was extracted with diethyl ether , and 
the aqueous phase was removed . The organic phase was 
washed with water and a saturated sodium chloride solution , 
and dried over magnesium sulfate . After removing magne 
sium sulfate by filtration , the organic phase was concen 

60 trated . The residue was purified by silica gel column chro 
matography to obtain 180 g of the target 1 - bromo - 4 - [ 2 - ( 2 
methoxyvinyl ) phenyl ] naphthalene ( yield : 99 % ) . 

Pd ( PPh34 
Na2COzaq 
DME 

OHC 

Br MeO PPh ; 
t - BuOK 
THF ( A - 3 ) Synthesis of 5 - bromobenzo [ c ] phenanthrene 

65 
A reaction vessel was charged with 180 g of 1 - bromo - 4 

[ 2 - ( 2 - methoxyvinyl ) phenyl ] naphthalene and 1 . 0 L of 
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Synthesis Example 8 

3 - ( Fluoranthen - 3 - yl ) phenylboronic acid was 
synthesized in accordance with the following 

synthesis scheme . 

dichloromethane . 25 mL of methanesulfonic acid was added 
to the mixture at room temperature with stirring . The mix 
ture was stirred at room temperature for 8 hours . After 
completion of the reaction , 1 L of a 10 % potassium carbon 
ate aqueous solution was added to the mixture . After remov - 5 
ing the aqueous phase , the organic phase was washed with 
water and a saturated sodium chloride solution , and dried 
over magnesium sulfate . After removing magnesium sulfate 
by filtration , the organic phase was concentrated . The resi 
due was purified by silica gel column chromatography to 10 
obtain 24 . 4 g of the target 5 - bromobenzo [ c ] phenanthrene 
( yield : 15 % ) . - B ( OH ) 2 

Br 

15 
Pd ( PPh34 
Na2COzaq 
toluene ( A - 4 ) Synthesis of benzo [ c ] phenanthrene - 5 - boronic 

acid 
1 ) n - BuLi 

A flask was charged with 10 . 1 g of 5 - bromobenzo [ c ] 2 ) B ( OiPr ) ; phenanthrene in an argon atmosphere . 400 mL of dehydrated Br 3 ) HCl aq . 
diethyl ether was then added to the flask . After cooling the 
reaction solution to - 40° C . , 22 mL of a 1 . 6 M hexane 
solution of n - butyllithium was added to the reaction solu 
tion . The mixture was heated to 0° C . , and stirred for 1 hour . 25 
After cooling the reaction solution to - 60° C . , a dehydrated 
diethyl ether ( 10 mL ) solution of 14 . 4 g of triisopropyl B ( OH ) 2 
borate was added dropwise to the reaction solution . The 
reaction solution was stirred for 5 hours while warming the 
reaction solution up to room temperature . After the addition 30 
of 100 mL of a 10 % hydrochloric acid aqueous solution , the ( H - 1 ) Synthesis of 3 - ( 3 - bromophenyl ) fluoranthene 
mixture was stirred for 1 hour . After removing the aqueous 
phase , the organic phase was washed with water and a A flask was charged with 9 . 1 g of fluoranthene - 3 - boronic 
saturated sodium chloride solution , and dried over magne - acid , 10 . 5 g of 3 - iodobromobenzene , 2 . 1 g of tetrakis 
sium sulfate . After removing magnesium sulfate by filtra - 35 ( triphenylphosphine ) palladium ( 0 ) , 186 mL of toluene , and 
tion , the organic phase was concentrated . The resulting solid 74 mL of a 2 M sodium carbonate aqueous solution in an 
was washed with hexane to obtain 5 . 37 g of the target argon atmosphere . The mixture was stirred at 100° C . for 8 

hours . After cooling the reaction solution to room tempera benzo [ c ] phenanthrene - 5 - boronic acid ( yield : 60 % ) . ture , the reaction solution was extracted with toluene . After Synthesis Example 7 40 removing the aqueous phase , the organic phase was washed 
with a saturated sodium chloride solution , and dried over 
anhydrous sodium sulfate . After filtering the organic phase , 

( G ) Synthesis of 2 - ( 3 - bromophenyl ) - imidazo [ 1 , 2 - a ] the solvent was evaporated under reduced pressure . The 
pyridine residue was purified by silica gel column chromatography to 

45 obtain 9 . 2 g of the target 3 - ( 3 - bromophenyl ) fluoranthene 
( yield : 70 % ) . 

Br 

2 - ( 3 - Bromophenyl ) - imidazo [ 1 , 2 - a ] pyridine was synthe ( H - 2 ) Synthesis of 
sized in the same manner as in Synthesis Example 6 , except 3 - ( fluoranthen - 3 - yl ) phenylboronic acid 
that 3 - bromophenacyl bromide was used instead of 4 - bro - 50 
mophenacyl bromide ( see the following synthesis scheme ) . A flask was charged with 9 . 2 g of 3 - ( 3 - bromophenyl ) 

fluoranthene and 129 mL of tetrahydrofuran . After cooling 
the reaction solution to - 70° C . , 17 . 2 mL of a 1 . 65 M hexane 
solution of n - butyllithium was added dropwise to the reac 

55 tion solution . The mixture was stirred at - 70° C . for 2 hours . 
After the dropwise addition of 17 . 7 mL of triisopropyl borate 
to the reaction solution , the reaction solution was stirred at 
- 70° C . for 1 hour . The reaction solution was then stirred for 

NaHCO3 5 hours while heating the reaction solution to room tem 
EtOH 60 perature . After the addition of 2 M hydrochloric acid to the 

reaction solution so that the reaction solution had a pH in the 
acidic region , the reaction solution was extracted with ethyl 
acetate . After removing the aqueous phase , the organic 
phase was washed with a saturated sodium chloride solution , 

65 and dried over anhydrous sodium sulfate . After filtering the 
organic phase , the solvent was evaporated under reduced 
pressure . The residue was washed with a hexane - ethyl 

a 20 NH2 
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acetate mixture to obtain 7 . 9 g of the target 3 - ( fluoranthen of trifluoromethanesulfonic anhydride to the reaction solu 
3 - yl ) phenylboronic acid ( yield : 95 % ) . tion under cooling with ice , the reaction solution was stirred 

for 20 minutes , and then stirred for 3 hours while warming 
Synthesis Example 9 the reaction solution to room temperature . After the drop 

5 wise addition of 0 . 5 mL of trifluoromethanesulfonic acid to 
( J ) Synthesis of the reaction solution , the reaction solution was stirred for 30 

6 - ( fluoranthen - 3 - yl ) naphthalen - 2 - ylboronic acid minutes . After quenching the reaction by carefully adding 
pinacol ester water dropwise to the reaction mixture , 200 mL of 0 . 5 M 

hydrochloric acid was added to the reaction solution . The 
6 - ( Fluoranthen - 3 - yl ) naphthalen - 2 - ylboronic acid pinacol 10 solution was then extracted with dichloromethane . After 

ester was synthesized in accordance with the following removing the aqueous phase , the organic phase was dried 
synthesis scheme . over anhydrous sodium sulfate . After filtering the organic 

- B ( OH ) 2 08 m . fo OH 
- OH Pd ( PPhz ) 4 Na2CO3aq 

DME 

Tf20 
Pyridine 
CH2Cl2 

B - B 

- OTf 
PdCl2 ( dppf ) 

dppf 
???? 
DMF 

( I - 1 ) Synthesis of 6 - ( fluoranthen - 3 - yl ) - 2 - naphthol phase , the solvent was evaporated under reduced pressure . 
The residue was recrystallized from toluene to obtain 3 . 11 g 

A flask was charged with 2 . 7 g of fluoranthene - 3 - boronic 45 of the target 6 - ( fluoranthen - 3 - yl ) - 2 - trifluoromethanesul 
acid . 2 . 0 g of 6 - bromo - 2 - naphthol , 0 . 31 g of tetrakis ( triph - foxynaphthalene ( vield : 82 % ) . 
enylphosphine ) palladium ( 0 ) , 27 mL of 1 , 2 - dimethoxy 
ethane , and 13 . 5 mL of a 2 M sodium carbonate aqueous ( J - 3 ) Synthesis of 
solution in an argon atmosphere . The mixture was heat 6 - ( fluoranthen - 3 - yl ) naphthalen - 2 - ylboronic acid 
refluxed with stirring for 4 hours . After cooling the reaction 50 pinacol ester solution to room temperature , 2 M hydrochloric acid was 
added to the reaction solution so that the reaction solution A flask was charged with 3 . 11 g of 6 - ( fluoranthen - 3 - yl ) had a pH in the acidic region . The reaction solution was then 2 - trifluoromethanesulfoxynaphthalene , 1 . 83 g of bispinaco extracted with dichloromethane . After removing the aqueous 
phase , the organic phase was washed with a saturated 55 55latediboron , 0 . 27 g of a [ 1 , 1 ' - bis ( diphenylphosphino ) ferro 

cene ] palladium ( II ) dichloride dichloromethane adduct , 0 . 18 sodium chloride solution , and dried over anhydrous sodium 
sulfate . After filtering the organic phase , the solvent was gof 1 , 1 ' - bis ( diphenylphosphino ) ferrocene , 1 . 93 g of potas 

sium acetate , and 65 mL of dimethylformamide in an argon evaporated under reduced pressure . The residue was dis 
persed and washed in dichloromethane to obtain 2 . 75 g of atmosphere . The mixture was stirred at 80° C . for 8 hours . 
the target 6 - ( fluoranthen - 3 - yl ) - 2 - naphthol ( yield : 89 % ) . 60 After cooling the reaction solution to room temperature , 

water was added to the reaction solution . The mixture was 
( J - 2 ) Synthesis of 6 - ( fluoranthen - 3 - yl ) - 2 - trifluo then extracted with toluene . The resulting toluene solution 

romethanesulfoxynaphthalene was passed through a silica gel short column , and the solvent 
was evaporated from the eluate under reduced pressure . The 

A flask was charged with 2 . 75 g of 6 - ( fluoranthen - 3 - yl ) - 65 residue was recrystallized from toluene to obtain 1 . 53 g of 
2 - naphthol , 2 mL of pyridine , and 80 mL of dichloromethane the target 6 - ( fluoranthen - 3 - yl ) naphthalen - 2 - ylboronic acid 
in an argon atmosphere . After the dropwise addition of 2 mL pinacol ester ( yield : 52 % ) . 
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Synthesis Example 11 - continued 

N 

ETB6 

Synthesis of ETB6 
A flask was charged with 3 . 0 g of benzo [ c ] phenanthrene 

5 - boronic acid , 3 . 5 g of 1 - ( 4 - bromophenyl ) - 2 - phenyl - 1H - 5 
benzimidazole , 0 . 231 g of tetrakis ( triphenylphosphine ) pal 
ladium ( 0 ) , 40 mL of dimethoxyethane , and 20 mL of a 2 M 
sodium carbonate aqueous solution in an argon atmosphere . 
The mixture was heat refluxed with stirring for 8 hours . 
After cooling the reaction solution to room temperature , the 10 
reaction solution was extracted with toluene . After removing 
the aqueous phase , the organic phase was washed with 
water , and dried over magnesium sulfate . After filtering the 
organic phase , the solvent was evaporated under reduced 
pressure . The residue was purified by silica gel column 15 Synthesis Example 12 
chromatography to obtain 3 . 8 g of a light yellow solid . As a 
result of mass spectrum analysis , it was found that the Synthesis of ETB9 resulting compound was the following compound ( ETB6 ) . 
The compound had a molecular weight of 496 . 19 A flask was charged with 2 . 7 g of 6 - ( fluoranthen - 3 - yl ) 
( m / e = 496 ) . Unaphthalen - 2 - ylboronic acid pinacol ester synthesized in 

Synthesis Example 9 , 3 . 5 g of 1 - ( 3 - bromophenyl ) - 2 - phenyl 
1H - benzimidazole synthesized in Synthesis Example 4 , 
0 . 231 g of tetrakis ( triphenylphosphine palladium ( 0 ) , 40 mL 
of dimethoxyethane , and 20 mL of a 2 M sodium carbonate 

25 aqueous solution in an argon atmosphere . The mixture was 
heat refluxed with stirring for 8 hours . After cooling the 
reaction solution to room temperature , the reaction solution 
was extracted with toluene . After removing the aqueous 
phase , the organic phase was washed with water , and dried 

30 over magnesium sulfate . After filtering the organic phase , 
the solvent was evaporated under reduced pressure . The - B ( OH ) 2 

Pd ( PPhz ) 4 residue was purified by silica gel column chromatography to 
Na2CO3aq obtain 3 . 4 g of a light yellow solid . As a result of mass 
DME spectrum analysis , it was found that the resulting compound 

was the following compound ( ETB9 ) . The compound had a 
molecular weight of 596 . 23 ( m / e = 596 ) . 

Br 

Br . 

Pd ( PPh3 ) 4 
Na2CO3aq 
DME 

ETB9 



US RE47 , 654 E 
84 83 

Synthesis Example 13 - continued 
- NO? 

Synthesis of ETB12 
Na2S204 

A compound was synthesized in the same manner as in 
Synthesis Example 12 , except that 3 - ( fluoranthen - 3 - yl ) phe 
nylboronic acid synthesized in Synthesis Example 8 was 
used instead of 6 - ( fluoranthen - 3 - yl ) naphthalen - 2 - ylboronic 
acid pinacol ester . As a result of mass spectrum analysis , it 10 
was found that the resulting compound was the following 
compound ( ETB12 ) . The compound had a molecular weight 
of 546 . 21 ( m / e = 546 ) . 

Br NH2 

p - TSOH 

Br 

Br 

B ( OH ) 2 Pd ( PPh34 Na2COzaq 
DME ( E - 1 ) Synthesis of 4 - bromo - N - methyl - 2 - nitroaniline 

60 mL of acetic acid was added to 5 . 0 g ( 33 mmol ) of 
N - methyl - 2 - nitroaniline and 5 . 9 g ( 33 mmol ) of N - bromo 
succinimide . The mixture was heat refluxed for 7 hours . 
After completion of the reaction , the reaction solution was 
poured into 500 mL of water , and a solid that precipitated by 
this operation was collected by filtration . The solid was 
dissolved in ethyl acetate , and dried over magnesium sulfate . 
After filtering the solution , the solvent was evaporated under 
reduced pressure . The residue was dried at room temperature 
under reduced pressure to obtain 7 . 1 g of 4 - bromo - N 
methyl - 2 - nitroaniline as an orange solid ( yield : 93 % ) . 

40 

ETB12 
( E - 2 ) Synthesis of 

4 ' - bromo - N - methyl - 2 ' - nitrobenzanilide 

Synthesis Example 14 6 . 8 g ( 29 mmol ) of 4 - bromo - N - methyl - 2 - nitroaniline was 
45 dissolved in 20 mL of pyridine . After the addition of 5 . 0 g 

( 35 mmol ) of benzoyl chloride , the mixture was stirred at ( E ) Synthesis of 90° C . for 7 hours in an argon atmosphere . After completion 
5 - bromo - 1 - methyl - 2 - phenyl - 1H - benzimidazole of the reaction , 200 mL of ethyl acetate was added to the 

reaction solution . The organic phase was washed with a 10 % 
5 - Bromo - 1 - methyl - 2 - phenyl - 1H - benzimidazole was syn - 50 hydrochloric acid aqueous solution , a 10 % potassium car 

thesized in accordance with the following synthesis scheme . bonate aqueous solution , and a saturated sodium chloride 
solution , and dried over magnesium sulfate . After filtering 
the organic phase , the solvent was evaporated under reduced 
pressure . The residue was purified by silica gel column 

55 chromatography to obtain 9 . 5 g of 4 ' - bromo - N - methyl - 2 ' NBS nitrobenzanilide as a green - white solid ( yield : 96 % ) . ACOH 

NO 

NH ( E - 3 ) Synthesis of 
4 ' - bromo - N - methyl - 2 - aminobenzanilide 

60 

Br NO 9 . 5 g ( 28 mmol ) of 4 ' - bromo - N - methyl - 2 ' - nitrobenza 
nilide was dissolved in 100 mL of tetrahydrofuran . A solu 
tion of 25 g ( 142 mmol ) of sodium hydrosulfite in 90 mL of 
water was added to the solution while stirring the solution at 

65 room temperature in an argon atmosphere . After the addition 
of 10 mL of methanol , the mixture was stirred for 3 hours . 
After the addition of 100 mL of ethyl acetate , a solution of 

NH 
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Synthesis Example 16 

Synthesis of ETB14 
12 g ( 142 mmol ) of sodium hydrogencarbonate in 125 mL 
of water was added to the mixture . After stirring the mixture 
at room temperature for 1 hour , the mixture was extracted 
with ethyl acetate . After removing the aqueous phase , the 
organic phase was washed with a 10 % potassium carbonate 5 
aqueous solution and a saturated sodium chloride solution , 
and dried over magnesium sulfate . After filtering the organic 
phase , the solvent was evaporated under reduced pressure to 
obtain 7 . 8 g of 4 ' - bromo - N - methyl - 2 - aminobenzanilide as a 
white solid ( yield : 90 % ) . 10 

A compound was synthesized in the same manner as in 
Synthesis Example 11 , except that benzo [ g ] chrysene - 10 
boronic acid was used instead of benzo [ c ] phenanthrene - 5 
boronic acid , and 6 - bromo - 2 , 2 ' - bipyridyl was used instead 
of 1 - ( 4 - bromophenyl ) - 2 - phenyl - 1H - benzimidazole . 

As a result of mass spectrum analysis , it was found that 
the resulting compound was the following compound 
( ETB14 ) . The compound had a molecular weight of 432 . 16 
( m / e = 432 ) . 

( E - 4 ) Synthesis of 
5 - bromo - 1 - methyl - 2 - phenyl - 1H - benzimidazole 

Br 

NE 

– B ( OH ) 2 

7 . 8 g ( 26 mmol ) of 4 ' - bromo - N - methyl - 2 ' - aminobenza - 15 
nilide was suspended in 50 mL of xylene . After the addition 
of 1 . 5 g ( 7 . 7 mmol ) of p - toluenesulfonic acid monohydrate , 
the mixture was heat refluxed for 7 hours . After completion 
of the reaction , the mixture was filtered . The resulting solid 
was dissolved in methylene chloride , washed with a 10 % 20 
potassium carbonate aqueous solution and a saturated 
sodium chloride solution , and dried over magnesium sulfate . 
The solvent was then evaporated under reduced pressure . An 
organic substance was also collected from the filtrate by the 
same washing method . The solid and the organic substance 25 
were purified by silica gel column chromatography to obtain 
6 . 5 g of 5 - bromo - 1 - methyl - 2 - phenyl - 1H - benzimidazole as a 
white crystal ( yield : 89 % ) . 

Pd ( PPhz ) 4 Na2COzaq 
DME 

Synthesis Example 15 30 

Synthesis of ETB13 
A compound was synthesized in the same manner as in 

Synthesis Example 12 , except that 3 - ( fluoranthen - 3 - yl ) phe - 35 ETB14 nylboronic acid synthesized in Synthesis Example 8 was 
used instead of 6 - ( fluoranthen - 3 - yl ) naphthalen - 2 - ylboronic 
acid pinacol ester , and 5 - bromo - 1 - methyl - 2 - phenyl - 1H - ben 
zimidazole synthesized in Synthesis Example 14 was used Example 1 
instead of 1 - ( 3 - bromophenyl ) - 2 - phenyl - 1H - benzimidazole . 40 
As a result of mass spectrum analysis , it was found that the The following materials were sequentially deposited on a 
resulting compound was the following compound ( ETB13 ) . substrate on which an indium tin oxide ( ITO ) film ( thick 
The compound had a molecular weight of 484 . 19 ness : 130 nm ) was formed . A device was thus obtained . The 
( m / e = 484 ) . value in parentheses indicates the thickness ( unit : nm ) . 

N Br 

B ( OH ) 2 
Pd ( PPh3 ) 4 
Na2CO3aq 
DME 

ETB13 
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Anode : ITO ( 130 ) - continued 
Hole - injecting layer : HT1 ( 50 ) ( 7 / 1092 ( 0 ( ) : ( , ) ) 
Hole - transporting layer : HT2 ( 45 ) - * 100 ( % ) Emitting layer : BH1 and BD1 ( BD1 : 5 % doped ) ( 25 ) 
Barrier layer : ETB1 ( 25 ) 
Small - work - function metal - containing layer : LiF ( 1 ) Np : Number of photons 
Cathode : A1 ( 80 ) Nr : Number of electrons 

t : Circular ratio = 3 . 1416 Examples 2 to 8 and Comparative a : Wavelength ( nm ) 
Examples 1 and 2 0 : Luminous intensity ( W / sr . m . nm ) 

h : Planck ' s constant = 6 . 63x10 - 34 ( J . s ) 
A device was obtained in the same manner as in Example c : Speed of light = 3x108 ( m / s ) 

1 , except that the host material for the emitting layer and the J : Current density ( mA / cm ' ) 
material for the barrier layer were changed as shown in e : Charge = 1 . 6x10 % ( C ) 
Table 2 . 15 ( 2 ) Luminescence Ratio Derived from TTF 

A pulse voltage waveform output from a pulse generator 
Evaluation Example ( 8114A , manufactured by Agilent Technologies ) which had 

a pulse width of 500 us , and a frequency of 20 Hz was 
applied , and EL was input to a photoelectron multiplier The devices obtained in Examples 1 to 8 and Comparative , 20 ( R928 , manufactured by Hamamatsu Photonics K . K . ) . The Examples 1 and 2 were evaluated as described below . The pulse voltage waveform and the EL were synchronized and 

results are shown in Table 2 . introduced to an oscilloscope ( 2440 , manufactured by Tek 
( 1 ) Initial Performance ( Voltage , Chromaticity , Current Effi tronix Inc . ) to obtain a transient EL waveform . The wave 
ciency , External Quantum Efficiency , and Main Peak Wave form was analyzed to determine the luminescence ratio 
length ) 25 derived from TTF ( TTF ratio ) . 

A voltage was applied to the device , and a voltage at The transient EL waveform was obtained by determining 
which the current was 10 mA / cm2 was measured . The EL a current density at which the current efficiency ( L / J ) was a 
emission spectrum was also measured using a spectroradi - maximum in the current density - current efficiency curve , 
ometer ( “ CS - 1000 ” manufactured by Konica Minolta ) . The and applying a voltage pulse waveform corresponding to the 
chromaticity , the current efficiency ( L / J ) ( cd / A ) , the external 30 determined current density . 
quantum efficiency ( EQE ) ( % ) , and the main peak wave An increase of 62 . 5 % in internal quantum efficiency 
length ( nm ) were calculated from the resulting spectral derived from TTF is regarded as the theoretical limit . The 
radiance spectrum . luminescence ratio derived from TTF in this case is 60 % . 

TABLE 2 
Host Barrier Voltage Chromaticity L / J ECE TTF ratio 
material material ( V ) x y ( cd / A ) ( % ) ( % ) 

9 . 6 9 . 3 3 . 6 
3 . 6 
3 . 7 

8 . 3 
8 . 1 

BH1 
BH1 
BH1 
BH1 
BH2 
BH2 
BH2 
BH2 
BH1 

ETB1 
ETB2 
ETB3 
ETB4 
ETB1 
ETB2 
ETB3 
ETB4 
ET1 

Example 1 
Example 2 
Example 3 
Example 4 
Example 5 
Example 6 
Example 7 
Example 8 
Comparative 
Example1 
Comparative 
Example2 

ý co 

0 . 144 
0 . 146 
0 . 145 
0 . 144 
0 . 143 
0 . 144 
0 . 144 
0 . 143 
0 . 144 

8 . 1 
8 . 0 
8 . 3 
9 . 9 
9 . 0 

0 . 117 
0 . 107 
0 . 110 
0 . 115 
0 . 116 
0 . 113 
0 . 110 
0 . 113 
0 . 124 

co ooooooooooo co 

i chi ?? ?? 

BH1 BH3 5 . 9 0 . 143 0 . 115 0 . 5 0 . 5 

50 

When measuring the external quantum efficiency , a cur 
rent was caused to flow through the organic EL device at a 
current density of 10 mA / cm² , and the emission spectrum 
was measured using a spectroradiometer ( “ CS - 1000 ” manu 
factured by Konica Minolta ) . The external quantum effi 
ciency was calculated by the following expression . 

The devices obtained in Examples 1 , 2 and 4 , and Com 
parative Example 1 differed only in the barrier material for 
the barrier layer . The barrier material used in Comparative Example 1 did not include the triplet barrier structural part . 

55 Therefore , triplet excitons formed on the host material were 
easily diffused into the barrier layer ( i . e . , the TTF phenom 
enon did not efficiently occur ) . The devices obtained in 
Examples 1 , 2 and 4 , and Comparative Example 2 differed 
only in the barrier material for the barrier layer . The barrier 

60 material used in Comparative Example 2 did not include the 
electron - transporting structural part . Therefore , electrons 
were not sufficiently injected into the emitting layer from the 
barrier layer ( i . e . , recombination occurred to only a small 
extent in the emitting layer ) . As a result , the luminous 

65 efficiency deteriorated . 
In Example 3 , a fluoranthene compound was used as the 

barrier material . The device obtained in Example 3 exhibited 

NE E . Q . E = N * 100 
( 7 / 109føa ) - da 

- - hono x100 hc 
J / 10 

x 100 
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a high luminous efficiency as compared with the device ments and / or examples without materially departing from 
obtained in Comparative Example 2 in which a fluoranthene the novel teachings and advantages of this invention . 
compound was used as the barrier material . This is because Accordingly , all such modifications are intended to be the barrier material used in Comparative Example 2 did not included within the scope of this invention . include the electron - transporting structural part . 

Examples 5 to 8 were respectively the same as Examples The documents described in the specification are incor 
1 to 4 , except that BH2 was used as the host material instead porated herein by reference in their entirety . 
of BH1 . 

The invention claimed is : Examples 9 to 21 1 . An organic electroluminescence device comprising : 
A device was obtained in the same manner as in Example an anode , an emitting layer , an electron - transporting 

1 , except that the host material and the dopant material for region , and a cathode , sequentially ; wherein 
the emitting layer and the material for the barrier layer were the emitting layer comprises a host material and a dopant changed as shown in Table 3 . material that emits fluorescence having a main peak 

wavelength of 550 nm or less , 
Evaluation Example the electron - transporting region comprises a barrier layer 

that is directly adjacent to the emitting layer , 
The initial performance ( voltage , chromaticity , current 20 the barrier layer comprises a barrier material that com 

efficiency , external quantum efficiency , and main peak 
wavelength ) and the ratio of the luminous intensity due to prises an electron - transporting structural portion and a 
the TTF phenomenon were evaluated using the devices triplet barrier structural portion that comprises a fused 
obtained in Examples 9 to 21 . The results are shown in polycyclic aromatic hydrocarbon moiety selected from 
Table 3 . rings shown by the following formulas ( 6 ) , ( 7 ) and ( 10 ) : 

15 

TABLE 3 
Host Dopant Barrier Voltage Chromaticity L / J E QE TTF ratio 
material material material ( V ) x y ( cd / A ) ( % ) ( % ) 

??? ??? ??? ??? ??? ?? 

8 . 4 
9 . 1 
9 . 6 
8 . 1 
9 . 5 

Example 9 BH5 
Example 10 BH2 
Example 11 BH2 
Example 12 BH5 
Example 13 BH4 
Example 14 BH5 
Example 15 BH5 
Example 16 BH5 
Example 17 BH2 
Example 18 BH4 
Example 19 BH2 
Example 20 BH2 
Example 21 BH2 

8 . 8 

BD1 
BD1 
BD1 
BD1 
BD1 
BD1 
BD1 
BD1 
BD2 
BD2 
BD2 
BD2 
BD2 

hoog in ooo ooo 

ETB5 
ETB7 
ETB8 
ETB9 
ETB10 
ETB12 
ETB13 
ETB14 
ETB2 
ETB2 
ETB4 
ETB6 
ETB11 

??? 

0 . 142 0 . 125 
0 . 141 0 . 131 
0 . 141 0 . 130 
0 . 142 0 . 123 
0 . 145 0 . 121 
0 . 143 0 . 118 
0 . 142 0 . 124 
0 . 143 0 . 121 
0 . 131 0 . 136 
0 . 133 0 . 130 
0 . 131 0 . 134 
0 . 128 0 . 147 
0 . 131 0 . 129 

9 . 0 
10 . 0 
10 . 5 

8 . 6 
10 . 1 
9 . 0 

10 . 0 
7 . 6 

10 . 4 
9 . 8 
9 . 7 

10 . 6 
9 . 7 

9 . 4 
7 . 2 ? 

9 . 2 
9 . 0 ? 

? 

3 . 9 9 . 3 

As is clear from the results shown in Table 3 , a high TTF 
ratio was obtained in Examples 9 to 11 in which ETB 45 
including benzofluoranthene , triphenylene , or benzanthra 
cene as the triplet barrier structural part was used . 
As is clear from the results for Examples 12 to 16 , a high 

TTF ratio was also obtained when the substituent for ETB 
50 was changed . 

As is clear from the results for Examples 17 to 21 , a high 
TTF ratio was also obtained when BD2 was used as the 
dopant material instead of BD1 . 

55 

INDUSTRIAL APPLICABILITY 

The organic EL device according to the invention may be 60 
used for a large television display panel , an illumination 
panel , and the like for which a reduction in power consump 
tion is desired . 

Although only some exemplary embodiments and / or 
examples of this invention have been described in detail 65 
above , those skilled in the art will readily appreciate that 
many modifications are possible in the exemplary embodi 
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- continued 122 - X 

( 10 ) X13 X21 
X15 = X14 X26 = X25 

10 

X11 to X15 and X21 to X26 independently represent a 
carbon atom or a nitrogen atom , at least one of X , , to 
X15 represent a nitrogen atom , and at least one of X21 
to X26 represent a nitrogen atom . 

19 . The organic electroluminescence device of claim 1 , 
wherein Ar , Ar , Ar " , Ars and Ar independently repre wherein the electron - transporting structural portion com 

prises one or more rings selected from rings shown by the sent a hydrocarbon structure having 4 to 16 ring is following formulas , carbon atoms , which forms a ring fused to the adjacent 15 
ring , 

N E is the triplet energy level of the host material , Eh is 
the triplet energy level of the barrier material , and 

E ” and Emh satisfy the following formula ( 1 ) , 
20 

E ? > E ( 1 ) 
wherein the electron - transporting structural portion com 

prises one or more partial structures shown by the 
following formula , 25 1 

[ 10 . The organic electroluminescence device of claim 1 , 
wherein the electron - transporting structural portion com 
prises one or more rings selected from rings shown by the 

30 following formulas , X , — 

and X and X , independently represent a carbon atom or a 
nitrogen atom . 

2 . The organic electroluminescence device of claim 1 , 
wherein Ema is the triplet energy level of the dopant material , 35 
and E “ , and E % satisfy the following formula ( 2 ) , 

Z . 

Z 

EJE ( 2 ) 
3 . The organic electroluminescence device of claim 1 , 

wherein an affinity of the host material is Afh , an affinity of to 
the barrier material is Afy , and Afh and Afy satisfy the 
following formula ( 3 ) , 

40 

NY 

( 3 ) . 45 Afz - Af , 0 eV 
4 . The organic electroluminescence device of claim 1 , 

wherein an ionization potential of the host material is Ipn , an 
ionization potential of the dopant material is Ipd , and Ipa and 
Ipn satisfy the following formula ( 4 ) , 

50 

( 4 ) . 

[ 11 . The organic electroluminescence device of claim 1 , 
wherein the triplet barrier structural portion is selected from 
rings shown by the following formulas , 

Ipd Iph < 0 . 2 eV 
5 . The organic electroluminescence device of claim 1 , 

wherein the barrier material has an electron mobility of 10 - 6 
cm ? / Vs or more . 55 

6 . The organic electroluminescence device of claim 1 , 
wherein the barrier layer comprises a donor that reduces the 
barrier material . 

7 . The organic electroluminescence device of claim 1 , 
wherein luminous intensity due to singlet excitons that are 60 
formed by collision between triplet excitons within the 
emitting layer accounts for 30 % or more of total luminous 
intensity . 

8 . The organic electroluminescence device of claim 1 , 
wherein the electron - transporting structural portion com - 65 
prises one or more rings selected from rings shown by the 
following formulas , 
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triplet barrier structural portion that comprises a fused 
polycyclic aromatic hydrocarbon moiety , E ’ h is the 
triplet energy level of the host material , E % is the triplet 
energy level of the barrier material , and E and E ' h 
satisfy the following formula ( 1 ) , 

( 6 ) 

ETMEK ( 1 ) . ] 
[ 14 . The organic electroluminescence device of claim 13 , 

10 wherein E " , is the triplet energy level of the dopant material , 
and E ? , and E?n satisfy the following expression ( 2 ) , 

( 7 ) 
( 2 ) . ] 

15 

20 80 . 408 BA 
ETE " , 

[ 15 . An organic electroluminescence device comprising : 
an anode , an emitting layer , an electron - transporting 

region , and a cathode , sequentially ; wherein 
the emitting layer comprises a host material and a dopant 

material that emits fluorescence having a main peak 
wavelength of 550 nm or less , 

the electron - transporting region comprises a barrier layer 
that is adjacent to the emitting layer , 

the barrier layer comprises a barrier material that com 
prises an electron - transporting structural portion and a 
triplet barrier structural portion that comprises a fused 
polycyclic aromatic hydrocarbon moiety , 

E , is the triplet energy level of the host material , E , is 
the triplet energy level of the barrier material , and 

E and E?h satisfy the following formula ( 1 ) , 

25 

30 

Eb > Eth ( 1 ) , 

( 10 ) 35 
wherein an affinity of the host material is Afn , an affinity 

of the barrier material is Afy , and Afy and Af , satisfy the 
following formula ( 3 ) , 

40 

and Ar to Ar independently represent a hydrocarbon 45 
structure having 4 to 16 ring carbon atoms , which 
forms a ring fused to the adjacent ring . ] 

12 . The organic electroluminescence device of claim 1 , 
comprising at least two emitting layers between the anode 
and the cathode , and further comprising a carrier - generating 50 
layer between the two emitting layers . 

[ 13 . An organic electroluminescence device comprising : 
an anode , a plurality of emitting layers , an electron 

transporting region , and a cathode , sequentially ; 
wherein 55 

the organic electroluminescence device further comprises 
a carrier barrier layer between at least two emitting 
layers among the plurality of emitting layers , 

an emitting layer among the plurality of emitting layers 
that is adjacent to the electron - transporting region 60 
comprises a host material and a dopant material that 
emits fluorescence having a main peak wavelength of 
550 nm or less , 

the electron - transporting region comprises a barrier layer 
that is adjacent to the emitting layer , 65 

the barrier layer comprises a barrier material that com - 
prises an electron - transporting structural portion and a 

Afz - Af ; > 0 eV ( 3 ) . ] 
[ 16 . An organic electroluminescence device comprising : 
an anode , an emitting layer , an electron - transporting 

region , and a cathode , sequentially ; wherein 
the emitting layer comprises a host material and a dopant 

material that emits fluorescence having a main peak 
wavelength of 550 nm or less , 

the electron - transporting region comprises a barrier layer 
that is adjacent to the emitting layer , 

the barrier layer comprises a barrier material that com 
prises an electron - transporting structural portion and a 
triplet barrier structural portion that comprises a fused 
polycyclic aromatic hydrocarbon moiety , 

E ’ h is the triplet energy level of the host material , E ? is 
the triplet energy level of the barrier material , and 

E , and E ' satisfy the following formula ( 1 ) , 
E " > Eth ( 1 ) , 

wherein an ionization potential of the host material is Ipn , 
an ionization potential of the dopant material is Ipa , and 
Ipa and Iph satisfy the following formula ( 4 ) , 

Ipa - Ip < 0 . 2 eV ( 4 ) . ] 
17 . The organic electroluminescence device of claim 1 , 

wherein the triplet barrier structural portion is selected from 
rings shown by the following formula ( 6 ) , 
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20 . The organic electroluminescence device of claim 19 , 
wherein the ring shown by formula ( 7 ) has a skeleton 
selected from the group consisting of the following formulas : ( 6 ) 

10 

. 24 . 

wherein Arm represents a hydrocarbon structure having 4 15 
to 16 ring carbon atoms , which forms a ring fused to 
the adjacent ring . 

18 . The organic electroluminescence device of claim 17 , 
wherein the ring shown by formula ( 6 ) has a skeleton 
selected from the group consisting of the following formulas : 20 

25 

45 
19 . The organic electroluminescence device of claim 1 , 

wherein the triplet barrier structural portion is selected from 
rings shown by the following formula ( 7 ) , 

21 . The organic electroluminescence device of claim 1 , 
wherein the triplet barrier structural portion is selected from 
rings shown by the following formula ( 10 ) , 

50 

( 10 ) 

55 

60 

wherein Ars and Arº independently represent a hydrocar 
bon structure having 4 to 16 ring carbon atoms , which 
forms a ring fused to the adjacent ring . 

22 . The organic electroluminescence device of claim 21 , 
wherein the ring shown by formula ( 10 ) has a skeleton 
selected from the group consisting of the following formulas : 

wherein Ars and Art independently represent a hydrocar - 65 
bon structure having 4 to 16 ring carbon atoms , which 
forms a ring fused to the adjacent ring . 
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Arll and Arl2 independently represent a substituted or 
unsubstituted aryl group having 6 to 50 ring carbon 
atom , or a substituted or unsubstituted heterocyclic 
group having 5 to 50 atoms that form a ring , and 

5 Rol to R108 independently represent a group selected 
from a hydrogen atom , a substituted or unsubstituted 
aryl group having 6 to 50 ring carbon atoms , a sub 
stituted or unsubstituted heterocyclic group having 5 to 
50 ring atoms , a substituted or unsubstituted alkyl 
group having 1 to 50 carbon atoms , a substituted or 
unsubstituted cycloalkyl group having 3 to 50 ring 
carbon atoms , a substituted or unsubstituted alkoxy 
group having 1 to 50 carbon atoms , a substituted or 
unsubstituted aralkyl group having 7 to 50 carbon 
atoms , a substituted or unsubstituted aryloxy group 
having 6 to 50 ring carbon atoms , a substituted or 
unsubstituted arylthio group having 6 to 50 ring carbon 
atoms , a substituted or unsubstituted alkoxycarbonyl 
group having 2 to 50 carbon atoms , a substituted or 
unsubstituted silyl group , a carboxyl group , a halogen 
atom , a cyano group , a nitro group , and a hydroxyl 
group ; and 

the pyrene derivative is represented by the following for 
25 mula : 

20 

oRa 

30 

23 . The organic electroluminescence device of claim 22 , 
wherein the ring shown by the formula ( 10 ) has the skeleton 
represented by the following formula : 

35 

wherein 

45 

40 Ra represents a hydrogen atom or a substituent , where 
plural Res may be the same or different , 

Ara represents a substituted or unsubstituted aromatic 
hydrocarbon group having 6 to 50 ring carbon atoms , 
or a substituted or unsubstituted heterocyclic group 
having 5 to 50 ring atoms , where plural Arqs may be the 

24 . The organic electroluminescence device of claim 1 , same or different , 
wherein the host material is selected from the group con - L , represents a single bond , a substituted or unsubstituted 
sisting of an anthracene derivative and a pyrene derivative . divalent aromatic hydrocarbon group having 6 to 30 

25 . The organic electroluminescence device of claim 24 , ring carbon atoms , or a substituted or unsubstituted 
wherein the anthracene derivative is represented by the 50 divalent aromatic hydrocarbon group having 5 to 30 
following formula : ring atoms , 

a is an integer from 1 to 10 , 
p is an integer from 1 to 6 , and 

R108 R101 q is an integer from 0 to 10 . 
55 26 . The organic electroluminescence device of claim 1 , 

wherein the dopant material is selected from the group 
consisting of a diaminochrysene derivative , a diaminopy 
rene derivative , a styrylamine derivative , an amino - substi 
tuted fused fluorene derivative , a diaminoanthracene deriva 

60 tive , a boron - containing compound that is substituted with 
an electron - withdrawing group , a fluorene derivative that 
does not include an amino group , a fused fluorene derivative - R / 03 , wherein that does not include an amino group , a fluoranthene 
derivative that does not include an amino group , a benzo 

65 fluoranthene derivative that does not include an amino 
group , and a pyrene derivative that does not include an 
amino group . 

RIOZ RIO2 

Ap12 _ 

R106 _ 

Rios R104 
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27 . The organic electroluminescence device of claim 24 , 
wherein the host material is the anthracene derivative , and 
the dopant material is selected from the group consisting of 
a diaminopyrene derivative , a diaminochrysene derivative , a 
styrylamine derivative , a boron - containing compound that is 5 
substituted with an electron - withdrawing group and a ben 
zofluoranthene derivative that does not include an amino 
group . 

28 . The organic electroluminescence device according to 10 
claim 1 , wherein the electron - transporting structural por 
tion include a monocyclic structure or a fused polycyclic 
structure that includes one or more rings shown by the 
following formula : 

, and 

the electron - transporting structural portion includes one 
or more rings shown by the following formula : 

15 

X22 – X23 
N . 

X26 = X25 20 

25 

wherein X2 , to X20 independently represent a carbon atom 
or a nitrogen atom , provided that at least one of X2 to 
X26 represent a nitrogen atom . 

29 . The organic electroluminescence device according to 
claim 1 , wherein the electron - transporting structural por 
tion includes one or more rings selected from the rings 
shown by the following formulae : 

33 . An organic electroluminescence device comprising : 
an anode , an emitting layer , an electron - transporting 

region , and a cathode , sequentially ; wherein 
the emitting layer comprises a host material and a dopant 

material that emits fluorescence having a main peak 
wavelength of 550 nm or less , 

the electron - transporting region comprises a barrier 
layer that is adjacent to the emitting layer , 

the barrier layer comprises a barrier material that com 
prises an electron - transporting structural portion and 
a triplet barrier structural portion that comprises a 
fused polycyclic aromatic hydrocarbon moiety selected 
from rings shown by the following formula ( 10 ) , 

30 

35 0 20 . 0 ( 10 ) 
EN , EN , N , and EN : 

40 

. 
30 . The organic electroluminescence device according to 

claim 1 , wherein the electron - transporting structural por 
tion includes one or more rings shown by the following 
formula : 

45 

50 

wherein Aro and Arº independently represent a hydro 
carbon structure having 4 to 16 ring carbon atoms , 
which forms a ring fused to the adjacent ring , 

E ' h is the triplet energy level of the host material , E?b is 
the triplet energy level of the barrier material , and Eb 
and E ' h satisfy the following formula ( 1 ) , 
E > Eth 

wherein the electron - transporting structural portion com 
prises one or more partial structures shown by the 
following formula , 

31 . The organic electroluminescence device according to 
claim 1 , wherein the electron - transporting structural por 
tion includes a ring shown by the following formula : 

55 

X ; - N 60 

32 . The organic electroluminescence device according to 65 
claim 1 , wherein the triplet barrier structural portion is a 
ring shown by the following formula : 

and X , and X , independently represent a carbon atom or 
a nitrogen atom , 

provided that layers between the emitting layer and the 
cathode do not comprise a compound having a ring 
which has partial structures shown by the following 
formulae ( 6 ) and ( 7 ) 



Ar . . 

20 
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Xu to X15 and X21 to X26 independently represent a 
carbon atom or a nitrogen atom , at least one of Xy to 
X 15 represent a nitrogen atom , and at least one of X21 
to X26 represent a nitrogen atom . 

41 . The organic electroluminescence device of claim 33 , 
comprising at least two emitting layers between the anode 
and the cathode , and further comprising a carrier - generat 
ing layer between the two emitting layers . 

10 42 . The organic electroluminescence device of claim 33 , 
wherein the dopant material is selected from the group 
consisting of a diaminochrysene derivative , a diaminopy 
rene derivative , a styrylamine derivative , an amino - substi 
tuted fused fluorene derivative , a diaminoanthracene deriva 

15 tive , a boron - containing compound that is substituted with 
an electron - withdrawing group , a fluorene derivative that 
does not include an amino group , a fused fluorene derivative 
that does not include an amino group , a fluoranthene 
derivative that does not include an amino group , a benzo 
fluoranthene derivative that does not include an amino 
group , and a pyrene derivative that does not include an 
amino group . 
43 . The organic electroluminescence device of claim 33 , 

25 wherein the host material is the anthracene derivative , and 
wherein Ar , Ar ) , and Ar “ independently represent a the dopant material is selected from the group consisting of 

hydrocarbon structure having 4 to 16 ring carbon a diaminopyrene derivative , a diaminochrysene derivative , a 
atoms , which forms a ring fused to the adjacent ring . styrylamine derivative , a boron - containing compound that is 

34 . The organic electroluminescence device of claim 33 , substituted with an electron - withdrawing group and a ben 
wherein E ? , is the triplet energy level of the dopant material , 30 zofluoranthene derivative that does not include an amino 
and Ema and Eh satisfy the following formula ( 2 ) , group . 

( 2 ) . 44 . The organic electroluminescence device according to 
35 . The organic electroluminescence device of claim 33 . claim 33 , wherein the electron - transporting structural por 

wherein an affinity of the host material is Afw , an affinity of 35 tion include a monocyclic structure or a fused polycyclic 
the barrier material is Af and Af , and Af satisfy the structure that includes one or more rings shown by the 
following formula ( 3 ) , following formula : 

Afn - 4fx > 0 eV 
36 . The organic electroluminescence device of claim 33 , 40 

wherein an ionization potential of the host material is 1pn , an 
ionization potential of the dopant material is Ipa , and Ipa X22 – X23 
and Iph satisfy the following formula ( 4 ) , 

Ip « - 1p ; < 0 . 2 eV ( 4 ) . X26 = X25 
37 . The organic electroluminescence device of claim 33 , 45 

wherein the barrier material has an electron mobility of 10 - 0 
cm - / V ' s or more . 

38 . The organic electroluminescence device of claim 33 , wherein X2 , to X2 , independently represent a carbon atom 
wherein the barrier layer comprises a donor that reduces the or a nitrogen atom , provided that at least one of X21 to 
barrier material . X20 represent a nitrogen atom . 

39 . The organic electroluminescence device of claim 33 , 45 . The organic electroluminescence device according to wherein luminous intensity due to singlet excitons that are 
formed by collision between triplet excitons within the claim 33 , wherein the electron - transporting structural por 
emitting layer accounts for 30 % or more of total luminous tion includes one or more rings selected from the rings 
intensity . 55 shown by the following formulae : 

40 . The organic electroluminescence device of claim 33 , 
wherein the electron - transporting structural portion com 
prises one or more rings selected from rings shown by the 
following formulas , 

( 3 ) . 
40 

/ 
X21 X24 

50 

000 . 0 60 

N N N and 

X22 – X23 
X13 X21 

X15 = X14 X26 = X25 
46 . The organic electroluminescence device according to 

65 claim 33 , wherein the electron - transporting structural por 
tion includes one or more rings shown by the following 
formula : 
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N 

N : 

47 . The organic electroluminescence device according to 
claim 33 , wherein the electron - transporting structural por 
tion includes a ring shown by the following formula : 2 and 

10 

the electron - transporting structural portion includes one 
or more rings shown by the following formula : 

48 . The organic electroluminescence device according to 20 
claim 33 , wherein the triplet barrier structural portion is a 
ring shown by the following formula : * * * * * 


