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Abstract 
Novel blue host material, 4,4'-(dinaphthalen-2-yl)-1,1'-
binaphthyl (DNBN), was designed and synthesized for 
OLEDs. In order to test the electroluminescent properties of 
DNBN, DNBN was used as the host materials for a blue 
emitter, PCVtPh. The device exhibited deep-blue emission 
with the CIEx,y coordinates (x=0.15, y=0.08) at 8.0 V, a 
luminous efficiency of 1.66 cd/A, a power efficiency of 0.77 
lm/W and an external quantum efficiency of 2.30 % at 20 
mA/cm2, respectively. 
 
 

1. Introduction 
 

Organic electroluminescent devices have attracted 
much scientific and commercial interest because of 
their potential applications in full-color displays and 
large-area, flexible, lightweight light sources,1 ever 
since Tang et al. first introduced an efficient organic 
light emitting diode (OLED).2 Full-color displays 
require red, green, and blue emission of relatively 
equal stability, efficiency, and color purity. Although 
significant improvement in OLED performance has 
been achieved over the past decades, further 
improvement is still required. In particular, the 
performance of blue OLEDs is relatively poor 
compared with red and green OLEDs, and thus it is 
necessary to improve their performance for display or 
lighting applications.3 Recently, the development has 
been made towards more efficient blue-emitting 
materials based on small molecules with various 
chromophore structures such as distrylarylene,4 spiro,5 
biaryls,6 fluorene7 and silicon.8  

In this study, a blue fluorescent material based on 
binaphthyl moiety, 4'-(dinaphthalen-2-yl)-1,1'-
binaphthyl (DNBN), was synthesizes and its 
electroluminescent properties were investigated. The 

non-planar binaphthyl molecules have a large dihedral 
angle and twisted conformation9 to mitigate 
unfavorable steric interactions. Thus it can decrease 
self-quenching between the host materials. 
Furthermore, it can form good amorphous pin-hole 
free thin film in solid state. Therefore, the high 
efficiency can be expected for the blue OLEDs using 
binaphthyl molecules. 

As will be seen below, an efficient deep blue OLED 
using DNBN as a host material in the emitting layer of 
PCVtPh doped OLEDs is demonstrated. 

 
 

2. Experimental  
 
2.1 Material and Measurements 

All reactions were performed under N2. Solvents 
were carefully dried and distilled from appropriate 
drying agents prior to use. 3-(N-Phenylcarbazol)vinyl-
p-terphenyl (PCVtPh) was prepared by a method 
previously reported.10 Commercially available 
reagents were used without further purification unless 
otherwise stated.  

1H- and 13C-NMR were recorded on a Varian Unity 
Inova 300Nb spectrometer. FT-IR spectra was 
recorded using a Bruker VERTEX70 FT-IR 
spectrometer. Elemental analysis (EA) was measured 
using a EA 1108 spectrometer. Low-resolution mass 
spectra was measured using a Jeol JMS-600 
spectrometer in the EI mode. 
 
2.2 Synthesis 
4'-(dinaphthalen-2-yl)-1,1'-binaphthyl (DNBN): A 
mixture of 4,4’-Dibromo-1,1’-binaphthyl (1 g, 2.42 
mmol), 2-Naphthalene boronic acid (1.25 g, 7.28 
mmol), Tetrakis(triphenylphosphine)palladium(0) 
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(0.112 g, 0.1 mmol), 2M Na2CO3 (2.58 g, 24.2 mmol), 
Toluene (24 mL) and EtOH (12 mL) was refluxed at 
120  for ℃ 4h. The crude solid product was filtered, 
washed with water. The filtered solid was dissolved 
with CH2Cl2, dried over MgSO4, filtered with silica-
gel and then the solvent was removed under reduced 
pressure to afford a crude product. The crude product 
was recrystallization from CH2Cl2 /EtOH affording 
1.11 g (90.6 %) of the white solid. 1H-NMR (300 
MHz, CDCl3) [δ ppm]: 8.07 (d, J = 9.6 Hz, 4H), 8.01 
(d, J = 8.4 Hz, 2H), 7.98-7.93 (m, 4H), 7.76 (dd, J = 
1.5, 8.4 Hz, 2H), 7.68-7.55 (m, 10H), 7.40 (td, J = 1.5, 
7.7 Hz, 2H), 7.34 (td, J = 1.2, 7.5 Hz, 2H). 13C-NMR 
(75 MHz, CDCl3) [δ ppm]: 140.4, 138.6, 138.5, 133.7, 
133.5, 132.9, 132.1, 129.2, 128.9, 128.4, 128.1, 128.0, 
127.8, 127.4, 127.1, 126.7, 126.6, 126.4, 126.3, 126.2. 
FT-IR [ATR]: ν = 3050, 1598, 1502, 843, 822, 769, 
745 cm-1. MS(EI+) m/z 506 (M+). Anal. calcd for 
C40H26: C 93.30, H 5.15; found: C 94.83, H 5.17.  
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Scheme. 1. Synthetic route for DNBN and 
structures of MADN and PCVtPh. (a) toluene 
/ethanol, Na2CO3 (2M), Pd(PPh3)4, reflux. (b) 
Br2/CH2Cl2, rt 
 
 
2.3 Physical Measurements 

The UV-Vis absorption and photoluminescence 
spectra of these newly designed host materials were 
measured in CH2Cl2 (10-5 M) using a Shimadzu UV-
1650PC and an Amincobrowman series 2 
luminescence spectrometer. The fluorescent quantum 
yields were determined in the CH2Cl2 solution at 293 
K against the host (ФDPA = 0.90) as a reference. The 
energy levels were measured with a low-energy 
photo-electron spectrometer (Riken-Keiki, AC-2). 
Thermal property was measured using 
thermogravimetric analysis (TGA) (DTA-TGA, TA-
4000) under nitrogen at a heating rate of 10 ℃/min. 

2.4 OLED Fabrication and Measurement 
For fabricating OLEDs, indium-tin-oxide (ITO) thin 

films coated on glass substrates were used, which was 
30 Ω / square of the sheet resistivity, and 1000 Å of 
thickness. The ITO-coated glass was cleaned in an 
ultrasonic bath by the following sequence: acetone, 
methyl alcohol, distilled water, and stored in isopropyl 
alcohol for 48 h and dried by a N2 gas gun. The 
substrates were treated by O2 plasma under 2.0ⅹ10-2 
torr at 125 W for 2 min.11 All organic materials and 
metals were deposited under high vacuum (5ⅹ10-7 
torr). The OLEDs were fabricated in the following 
sequence: ITO /N,N'-diphenyl-N,N'-(2-napthyl)-(1,1'-
phenyl)-4,4'-diamine (NPB) (500 Å) /Blue host 
materials (MADN and DNBN): Blue dopant material 
(PCVtPh) (300 Å, 8%) /4,7-diphenyl-1,10-
phenanthroline (Bphen) (300 Å) /lithium quinolate 
(Liq) (20 Å) /Al (1000 Å). The devices were 
fabricated with the same configurations, except 
employing 8% PCVtPh as a dopant within MADN 
and DNBN as a host in the emitting layers. The 
current density (J), luminance (L), luminous 
efficiency (LE), and CIE chromaticity coordinates of 
the OLEDs were measured with a Keithly 2400, 
Chroma meter CS-1000A. Electroluminance was 
measured using a Roper Scientific Pro 300i. 

 
 

 
Fig. 1. TGA thermogram of DNBN. 
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Fig. 2. PL emission spectra of the host materials 

and UV-Vis absorption spectra of dopant 
material
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Table 1. Optical properties of Compounds (MADN and DNBN). 

Compouns Td
a [℃] λmax 

b [nm] λmax
c [nm] FWHM [nm] HOMO/LUMOd [eV] Eg Ф e 

MADN 397 f 377 425 54 -5.5 f/-2.5 f 3.0 f 0.54
DNBN 398 305 412 62 -6.0/-2.6 3.4 0.45

a. Onset decomposition temperature, as measured with 5% mass loss by TGA with a heating rate of 10 ℃/min under N2. b. Maximum 
absorption wavelength, measured in CH2Cl2 solution. c. Maximum emission wavelength, measured in CH2Cl2 solution. d. Obtained from 
AC-2 and UV-vis absorption measurements. e. Using DPA as a standard; λex = 360 nm (Ф=0.90 in DCM). f. Ref. 12. 
 
 

3. Results and discussion 
 

Scheme 1 shows the synthetic route of the newly 
designed host material (DNBN). This host material 
was synthesized via Suzuki Cross-Coupling reaction 
with moderate yields and characterized by 1H- and 13C 
NMR, FT-IR, EA (Elemental analysis) and low-
resolution mass spectroscopy. 

The optical properties of the host materials (MADN 
and DNBN) are presented in Table 1. The thermal 
property of DNBN measured with by a 
thermogravimetric analysis (TGA) is shown in Fig. 1. 
The decomposition temperature (Td; corresponding to 
5 % weight loss) of DNBN (398 ℃) exhibits as high 
as that of MADN (397 ℃).  
 
 

Device 1                   Device 2 

 
Fig. 3. The configurations and energy diagrams of the 

device 1-2. Device 1-2: ITO /NPB (500 Å) 
/MADN or DNBN: PCVtPh (300 Å: 8%) /Bphen 
(300 Å) /LiF (20 Å) /Al (1000 Å). 

 
 

400 450 500 550 600 650

0.0

0.2

0.4

0.6

0.8

1.0

N
or

m
al

iz
ed

 E
L

 In
te

ns
ity

 (a
.u

)

Wavelength (nm)

 Device 1
 Device 2

 
Fig. 4. Normalized EL spectra of the devices 1-2. 

 
 

The HOMO energy level of DNBN was -6.0 eV as 
measured by a low-energy photo-electron 

spectrometer (Riken-Keiki AC-2). The optical energy 
band gap (Eg) of DNBN is 3.4 eV, as determined from 
the absorption spectra. The LUMO energy level of 
DNBN, calculated as the difference between the 
HOMO levels and optical energy band gaps (Eg), was 
-2.6 eV. Fig. 2 shows the absorption of the dopant and 
emission of the host. The PL spectra of MADN and 
DNBN are 425 and 412 nm, respectively. Notably, the 
introduction of the binaphthyl core between the 
terminal naphthalene results in blue-shift in PL spectra. 
Also, Fig. 2 reveals that the PL spectra of the host 
(DNBN) overlapped better with the absorption spectra 
of the dopant (PCVtPh) than those of the host 
(MADN). Moreover, DNBN has higher energy band 
gap (3.4 eV) than those of PCVtPh (3.1 eV), while 
energy band gap of MADN (3.0 eV) is smaller than 
that of PCVtPh (3.1 eV). These results indicate that 
Förster-type energy transfer from the host to the 
dopant (PCVtPh) is more efficient in DNBN host than 
MADN host. 

To explore electroluminescent properties of these 
materials, multilayered OLEDs were fabricated the 
device. EL performances of devices 1 and 2 are 
summarized in Table 2. Notably, device 2 using 
DNBN host shows the efficient deep blue emission 
with the external quantum efficiency of 2.30 % at 20 
mA/m2. 
 
Table 2. EL performance characteristic of the 
devices 1-2. 
Properties Devices  
 1 2 
ELmax [nm] 441 448 
Vturn-on 

a [V] 3.1 4.0 
Lb [cd/m2] 1180 1960 
Jb [mA/cm2] 95.4 168.9 
LEb,c [cd/A] 3.62, 1.84 2.37, 1.66 
PEb,c [lm/A] 3.55, 0.76 1.86, 0.77 
EQEb,c [%] 3.57, 2.11 3.16, 2.30 
CIEd (x,y) (0.16,0.09) (0.15,0.08) 
a. Turn-on voltage at 1 cd/m2. b. The maximum value. c. At 20 
mA/cm2. d. Commission Internationale d’Énclairage (CIE) 
coordinates at a 8.0V.  
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Fig. 3 shows the configurations and HOMO/LUMO 
energy diagrams in the devices 1-2. For these devices, 
NPB is used as the hole-transporting layer (HTL), and 
Bphen is used as electron transporting layer (ETL). 
Presumably, the direct charge trapping in dopant13 as 
well as Förster-type energy transfer would play an 
important role in efficient emission in devices 1 and 2. 
The normalized EL spectra for two devices 1-2 is 
shown in Fig. 4. The EL spectra of the devices 1-2 
showed deep blue emissions with peaks at 441 and 
448 nm, respectively. In particular, the CIE 
coordinates of the device 2 using DNBN appears 
deep-blue emission color (x, y = 0.15. 0.08).  
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Fig. 5. (a) L-V characteristics and (b) J-V 

characteristics of the devices 1-2. 
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Fig.  6. (a) Luminous efficiencies and (b) External 
       quantum efficiencies as a function of 

current density for the devices 1-2. 
 
 

The luminance-voltage (L-V) and current density-
voltage (J-V) characteristics of the devices 1-2 are 
seen in Fig. 5 (a) and (b), respectively. Interestingly, 
the current density of device 2 at the operating 
voltages is higher than those of the device 1. Since the 
carrier injection barrier is higher in device 2 than 
device 1, it is conjectured that the carrier mobility in 
device 2 is much higher than device 1 due to the 
formation of smooth and pinhole-free thin films in the 
emitting layer of device 2 using DNBN host.  

Fig. 6 shows the luminous efficiencies and external 
quantum efficiencies as a function of current density 
for the devices 1-2. There is little variation in the 
luminous and external quantum efficiency with 
current density for the device 2 using DNBN. 
 

4. Summary 
 

Fluorescent blue material (DNBN) based on 
binaphthyl core with naphthalene moiety, with its 
large dihedral angle and its twisted formation, has 
been synthesized via the Suzuki Cross-Coupling 
reaction. An OLED using DNBN as the host of the 
blue-emitting dopant PCVtPh exhibits the luminous, 
power and external quantum efficiecies of 1.66 cd/A, 
0.77 lm/W and 2.30 % at 20 mA/cm2,respectively. 
Moreover, this device shows deep-blue emission color  
with the CIE coordinates of (0.15. 0.08). This study 
demonstrats that a blue fluorescent material DNBN 
with binaphthyl core has sufficient potential for 
display or lighting applications. 
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