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Abstract 
 

We report the EL property of blue and blue-violet 
emitting materials with anthracene moiety as well 
as a new core structure containing indenopyrazine. 
Non-doped device using one of indenopyrazine core 
derivatives was found to exhibit excellent blue-
violet color purity of (0.173, 0.063), and narrow 
emission band of 42nm FWHM. One of anthracene 
core derivatives with bulky side group also exhibits 
excellent color coordinates (0.156, 0.088) and an 
external quantum efficiency of 7.18%. 
 

1. Introduction 
 

In recent papers, we have reported new high 
performance blue-light emitters based on 
tetraphenylethylene- and anthracene-cored derivatives. 
1 Of these synthesized compounds, BTPPA including 
anthracene core and bulky side groups has better 
thermal properties, a better luminance efficiency, a 
lower operating voltage, a higher power efficiency, 
and deeper blue CIEx,y coordinates (0.159, 0.135) than 
other tetraphenylethylene derivatives. The EL 
performance of these synthesized blue-light emitters 
could be optimized and improved by varying the 
chemical structures of the side groups. Based on these 
results, we designed new high-performance deep blue-
light emitters. Firstly, we placed an anthracene moiety 
with a high photoluminescence (PL) quantum 
efficiency in the core of the molecular structure. 
Secondly, in order to improve the color properties, 
bulky aromatic rings were attached at the 9 and 10 
positions of anthracene. Lastly, meta-positioned m-
terphenyl and 1,3,5-triphenylbenzene were used as 
bulky aromatic rings instead of alkyl groups which 
could induce a red-shift of the PL and EL and increase 

the operating voltage. A meta-positioned aromatic ring 
was selected instead of a para-positioned aromatic 
ring because the former has a shorter conjugation 
length, which is advantageous because it reduces the y 
CIE coordinate value of the emitter. Also, the 
introduction of a bulky and non-planar side group 
should help to prevent π– π * stacking interactions, 
which should lead to the formation of more reliable 
amorphous films. Furthermore, the absolute PL 
quantum efficiency of the m-terphenyl group is 0.29, 
which is higher than the value (0.21) of the more 
commonly used naphthalene group, so an increased 
EL efficiency is expected. The three materials 
synthesized based on this molecular design protocol 
are MAM, MAT, and TAT, where M, A, and T denote 
m-terphenyl, anthracene, and triphenylbenzene, 
respectively. Also, a phenyl group (Ph) in these three 
blue light emitters was changed to an amine group 
(Am) to produce three new emitting compounds 
(MADa, MATa, and TATa, where M, A, T, Da and Ta 
denote m-terphenyl, anthracene, triphenylbenzene, 
diphenylamine, and triphenylamine, respectively1 

An indenopyrazine (IPY) derivative with good 
color purity and superior thermal properties (IPY: Tm 
280 oC and Td 341 oC) was synthesized for the first 
time and used as the core component of new blue 
OLED materials, and their optical, thermal, and 
electroluminescence properties were examined. The 
synthesized blue emitting materials are SF-EPY, TP-
EPY, PA-EPY, and NA-EPY (see Scheme 2). 1 

In particular, we examined changing the 
substitution positions of m-terphenyl from 2 and 8 
(meta position) to 1 and 7 (ortho position), and 3 and 
9 (para position). 
 

2. Experimental  
 

General information is on the reference.1 
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3. Results and discussion 
 
Scheme 1 shows the chemical structures of the 
synthesized materials and MADN. 
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Scheme 1. New synthesized anthracene core derivatives including 
various side groups. 
 
The EL performances of the devices for a current 
density of 10 mA/cm2 are summarized in Table 1. 
The luminance efficiency (cd/A), power efficiency 
(lm/W) and external quantum efficiency (%) of the 
devices increase in the following order: MADN < 
MAM < MAT < TAT. Interestingly, this order is 
identical with the order of the PL QE values for the 
side groups. Moreover, it is interesting that the 
operating voltages of the devices decrease under the 
same current density conditions as the side group 
changes from m-terphenyl to triphenylbenzene. In 
other words, the changes in the side groups of the 
compounds increase the power efficiency and 
luminescence efficiency properties even though the 
compounds have the same anthracene core moiety. 
The external quantum efficiency (EQE) of TAT 
device is 7.18%, twice that of MADN device, 
3.18%. 
 For the device with TAT as an emitting layer, the 
PL spectrum is exactly identical with the EL spectra 
at 10 mA/cm2 and 100 mA/cm2. The CIEx,y values 
were found to be (0.156, 0.088) at 10 mA/cm2 and 
(0.156, 0.089) at 100 mA/cm2, so the changes with 
current density are 0.001 or less. The CIEx,y values 
for MADN were found to be (0.171, 0.138) at 10 
mA/cm2 and (0.166, 0.120) at 100 mA/cm2, i.e., the 
CIEx,y coordinates of MADN undergo larger 
variations with current density. Thus by 
synthesizing new anthracene core derivatives 
containing bulky triphenylbenzene side groups that 
have excellent PL QE values, we were able to 
fabricate much deeper blue OLED device that meets 
the NTSC blue standard and has superior 
luminescence efficiency(see Figure 1).  
 The EL performances of amine containing 
anthracene core derivatives, MADa, MATa, and 
TATa are also summarized in Table 1. Although the 
device that used MADa as the emitting layer was 
highly efficient (10.3 cd/A), it had a bluish-green 

color coordinate of (0.199, 0.152). The device with 
MATa as the emitting layer had a performance of 
4.67 cd/A and an EQE of 4.69%, while the device 
with TATa had a performance of 6.07 cd/A and an 
EQE of 6.19%. The CIE values for the MATa and 
TATa devices were (0.151, 0.177) and (0.149, 
0.177), respectively. Thus the efficiency of the 
TATa device was higher than that of the MATa 
device, this is identical to the PL QE result. 
Although the CIE value of the TATa device was 
slightly different from that of the MADN device, its 
luminance efficiency and power efficiency were 
more than 2 times that of the latter device (2.86 
cd/A, 1.48l m/W). The TATa device also had an 
excellent FWHM value (56 nm) despite its 
asymmetric structure. This value was lower than for 
MADN (62 nm) because the bulky side group 
effectively prevented π-π* stacking interactions 
between molecules. Among synthesized compounds, 
MADa, MATa, and TATa, life-time of TATa which 
showed the best EL efficiency in this three 
compounds was measured under initial luminance 
of 500 cd/m2. Its life-time (125hrs) was more than 
twice that (54hrs) of MADN, which can be 
explained by the more stable morphology of TATa. 
 
Table 1. EL performances of multi-layered devices with the 
structure ITO/2-TNATA (60 nm)/NPB (15 nm)/Blue EML (30 
nm)/Alq3 (30 nm)/LiF (1 nm)/Al (200 nm) at 10 mA/cm2. 

Blue 
EMLs 

ELmax
(nm) Volt C.I.E. 

(x,y) 
L.E 

(cd/A) 
P.E. 

(lm/W) 
E.Q.E
(%) 

BTPPA 452 6.80 0.159, 0.135 3.93 1.82 - 
MAM 444 7.99 0.163, 0.124 2.94 1.28 3.90
MAT 438 6.81 0.156, 0.085 2.97 1.52 6.14
TAT 444 6.75 0.156, 0.088 3.64 1.87 7.18

MADa 497 6.27 0.199 0.512 10.3 5.68 4.18
MATa 464 6.27 0.151 0.177 4.67 2.59 4.69
TATa 465 6.26 0.149 0.177 6.07 3.37 6.19

MADN 454 6.71 0.171, 0.138 2.86 1.48 3.18

 
Figure. 1. Normalized EL spectra of ITO/2-TNATA (60 
nm)/NPB (15 nm)/MAM (■) or MAT (●) or TAT (▲) or MADN 
(▼) (30 nm)/Alq3 (30 nm)/LiF (1 nm)/Al (200 nm) devices at 10 
mA/cm2. Inset: Respective CIE coordinates. 
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Also, new indenopyrazine derivatives (see scheme 2) 
can be synthesized through Suzuki Ar-Ar coupling 
with the two borated m-terphenyl groups as side 
groups. 
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Scheme 2. New synthesized indenopyrazine derivatives. 

 
 The UV-Visible maximum absorption wavelengths 
of synthesized materials, SF-EPY, PA-EPY, NA-EPY, 
o,p-TP-EPY and m,m-TP-EPY in solution are in the 
range 400~420 nm and the maximum wavelengths of 
the PL spectra are in the blue region near 430 ~ 450 
nm (see Table 2). 
 
Table 2. Optical properties of synthesized materials. 

Solution Film on glass 
Compounds UVmax 

(nm) 
PLmax 
(nm) 

UVmax 
(nm) 

PLmax 
(nm) 

SF-EPY 416 447, 468 401, 414 452, 473 

PA-EPY 385,400 450 385 400 458 

NA-EPY 385,401 455 385 405 468 

o,p-TP-EPY 403 434 408 443 

m,m-TP-EPY 404 428 415 456 
  
 Further, in the case of o,p-TP-EPY, m,m-TP-EPY, 
UV-visible spectra of both synthesized materials in 
solution state showed maximum absorption 
wavelengths of about 400 nm and similar absorption 
edges. This can be interpreted as two materials having 
similar effective π-conjugation lengths regardless of 
substituting position of two m-terphenyl substituted to 
indenopyrazine core as side groups. PL spectra also 
show maximum emission wavelengths of about 430 
nm in the deep blue region. However UV-visible 
absorption spectra in film state only show a slight 
difference (∆ = 7 nm) between o,p-TP-EPY and m,m-
TP-EPY respectively with 408 nm and 415 nm, PL 
spectra show larger difference (∆ = 13 nm) with 443 
nm and 456 nm. On one hand, as a result of 
comparing PL spectrum in solution state and film state, 
o,p-TP-EPY showed a red shift of 9 nm and m,m-TP-
EPY was further red shifted by 28 nm (See Table 2). 
This seems to have resulted from easier 
intermolecular interaction in m,m-TP-EPY compared 
to o,p-TP-EPY when the state changes from solution 
to film. 

The synthesized materials and DPVBi were used as 
the emitting layers (EMLs) in OLEDs (See Table 3). 
The PA-EPY and NA-EPY non-doped devices exhibit 
a high efficiency of about 4 cd/A, their CIE 
coordinates were found to be (0.194, 0.247) and 
(0.229, 0.329) respectively, i.e., in the sky-blue region, 
because the EL spectra of these two materials are 
broad. The SF-EPY and o,p-TP-EPY non-doped 
devices were found to exhibit luminescence 
efficiencies of 2.62 and 2.01 cd/A respectively. 
Interestingly, the absolute PL quantum efficiency of 
the film in o,p-TP-EPY is only 58.7% of that of 
DPVBi, but its EL external quantum 
efficiency(E.Q.E.) is 114% (at 10 mA/cm2) and 93% 
(at 100 mA/cm2) higher than that of the DPVBi device. 
Further, the EL maximum wavelengths of the SF-EPY 
and o,p-TP-EPY devices are 458 and 452 nm, 
respectively, i.e., in the deep blue region, with CIE 
coordinates (0.152, 0.142) and (0.150, 0.078) 
respectively, which is a purer blue than obtained with 
DPVBi (0.153, 0.167). Especially, non-doped device 
of o,p-TP-EPY showed 4.6% of E.Q.E and CIE(0.15, 
0.078) with 47nm FWHM (see Figure 2).  
 
Table 3. EL performance of the synthesized compounds: ITO/2-
TNATA (60 nm)/NPB (15 nm)/synthesized materials or DPVBi 
(30 or 40 nm)/Alq3 (30 or 20 nm)/LiF (1 nm)/Al (200 nm) at 10 
mA/cm2. 

 

 
Figure 2. Normalized EL Spectrum of ITO/2-TNATA/NPB/o,p-
TP-EPY/Alq3 /LiF/Al devices at 10 mA/cm2. 

Compounds EL max 
(nm) 

Voltage 
(V) 

Luminance 
Efficiency 

(cd/A) 

Power
Efficiency

(lm/W)

C. I. E. 
(x,y) 

SF-EPYa 458, 469 8.5 2.62 0.96 (0.152, 0.142)

o,p-TP-EPYa 452 7.5 2.01 0.92 (0.154, 0.078)

PA-EPYa 466 7.8 4.11 1.66 (0.194, 0.247)

NA-EPYa 474, 505 7.9 4.25 1.69 (0.273, 0.417)

NA-EPYb 469, 499 9.6 3.95 1.29 (0.229, 0.329)

DPVBia 467 8.6 3.59 1.31 (0.153.0.167)
a: Emitting Material (30 nm)/Alq3 (30 nm) 
b: Emitting Material (40 nm)/Alq3 (20 nm) 
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In another device, EL properties of o,p-TP-EPY and 
m,m-TP-EPY summarized in Table 4. EL spectrum 
corresponds well to PL spectrum in film state and 
larger blue shift was shown by o,p-TP-EPY (λmax, EL = 
440 nm) than m,m-TP-EPY (λmax, EL = 452 nm) as 
expected. In addition, CIE coordinates respectively 
were (0.156, 0.078) and (0.161, 0.104) with o,p-TP-
EPY showing a color coordinate of deeper blue region 
compared to m,m-TP-EPY. External quantum 
efficiency (E.Q.E) of devices was 2.68 and 1.61 % for 
o,p-TP-EPY and m,m-TP-EPY, respectively. 
Efficiency of o,p-TP-EPY was improved more by over 
60 % compared to m,m-TP-EPY. Such results can be 
explained as a larger improvement in EL performance 
by more efficient prevention of intermolecular 
interaction when two phenyls at terphenyl side group 
of indenopyrazine core system were substituted in 
ortho and para positions in comparison to when both 
phenyls were substituted in meta position. 
 
Table 4. EL performances of synthesized emitters : ITO/NPB 
(30nm)/TCTA (20nm)/Emitters (30nm)/Alq3 (30nm)/ LiF (1nm)/ 
Al (200nm) at 10 mA/cm2. 

Emitters ELmax 
(nm) 

Luminance 
Efficiency 

(cd/A) 

Power 
Efficiency 

(lm/W) 

E.Q.Ea 
(%) 

CIEb 
(x,y) 

o,p-TP-EPY 440 1.17 0.30 2.68 (0.156, 0.078)

m,m-TP-EPY 452 1.04 0.27 1.61 (0.161, 0.104)

a : External Quantum Efficiency, b : 1931 Commission International de 
l’Eclairage 

 
We investigated the effects on the optical and 

electroluminescent properties of changing the 
substitution position of the indenopyrazine core and 
m-terpheyl side groups. In particular, we examined 
changing the substitution positions of m-terphenyl 
from 2 and 8 (meta position) to 1 and 7 (ortho 
position, o-TP-EPY), and 3 and 9 (para position, p-
TP-EPY). The EL properties of these materials will be 
also discussed. 
  

4. Summary 
 
We have synthesized six new anthracene core 

derivatives with EL luminescence properties that were 
fine-tuned by varying the bulky side groups. 
Interestingly, as the luminescence efficiency of the 
side groups increases, the performance of the 
synthesized blue-light emitters also improves 
substantially. In particular, TAT has a higher PL 
fluorescence QE than MADN, and has a Tg more than 
30℃ higher than that of MADN. Furthermore, its 
color coordinates (0.156, 0.088) meet the NTSC blue 

standard, and it exhibits an excellent EQE value of 
7.18%, about twice that of MADN. The OLED 
devices constructed using TATa as the blue emitting 
layer had a luminance efficiency of 6.07 cd/A and 
power efficiency of 3.37 lm/W (more than twice the 
levels obtained for the MADN device), as well as a 
high EQE (6.19%). Moreover, the TATa device had a 
life-time more than twice that of the MADN device. 
Also, we have for the first time synthesized and 

utilized an indenopyrazine derivative as a core moiety 
in different functional organic materials. Non-doped 
devices using these materials as blue emitters were 
found to exhibit high luminance efficiencies of up to 
2.01~4.3 cd/A at a current density of 10 mA/cm2. The 
CIE coordinates of o,p-TP-EPY were found to be 
4.6% of E.Q.E and CIE(0.15, 0.078) with 47nm 
FWHM. The o,p-TP-EPY with two phenyls of 
terphenyl substituted in ortho and para positions more 
effectively prevented intermolecular interaction than 
m,m-TP-EPY with two phenyls substituted in meta 
position. Such phenomenon was also reflected well in 
the OLED device experiment.  

A promising class of blue-violet emitters based on a 
new functional core, the indenopyrazine group, was 
successfully synthesized for the first time by 
substituting bulky m-terphenyl side groups in the 
ortho, meta or para positions.  
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