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Two kinds of novel blue-emitting materials, anthracene-based derivatives, are synthesized by the Suzuki cou-
pling reaction. It is worth noting that the maximum emission wavelengths of the two materials are 441 and
444 nm in tetrahydrofuran and 456 and 454 nm in film states, which are the typical blue fluorescence and
the fluorescence quantum yields of them are 0.87 and 1.12 by using 9,10-diphenylanthracene ðΦf ¼ 0.90Þ as
a calibration standard. The full width at half maximum of them are 56, 55 nm in solution, respectively, pre-
senting good color purity. Both of them display superior thermal properties and electrochemical properties.
Scanning electronic microscope results show that the films of two compounds are continuous, compact, and
smooth after 100°C for 3 h. These data indicate their potential to be prepared for high efficiency and long
operation lifetime organic light-emitting diodes devices.
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Organic light-emitting diodes (OLEDs) have emerged as
the most promising next-generation flat-panel display
technology in the decades since the pioneering work of
Tang and Vanslyke[1]. They have more advantages, such
as fast response, low voltage driver, and wide viewing
angle compared with traditional displays[2–5].
Full-color displays require red-, green-, and blue-

emitting materials of relatively high stability, efficiency,
and color purity. Although significant improvements in
OLED performance have been achieved over the past dec-
ades, the highest efficiency reported for deep-blue fluores-
cent OLEDs is about 7%, while that for deep red devices is
over 17% and for green is over 21%[6–8]. Moreover, few of
them exhibit stable thermal stability and morphological
stability in OLEDs owing to their crystallization and
low glass transition temperature (Tg)

[9]. Therefore, blue-
emitting materials having all the attributes of high
electroluminescent efficiency, a long operation lifetime,
and good color purity are required.
9,10-di(2-naphthyl)anthracene (ADN) is a major blue-

emitting material that was first developed by Kodak[10],
realizing a blue luminance efficiency of 3.5 cd/A
and a half-life of 4000 h with initial light output at
700 cd∕m2, presenting good optical properties and high
efficiency. However, it is also reported that the film form-
ing properties of ADN are not acceptable. The thin film of
ADN is found to be morphologically unstable, and could
accelerate the decay about a lifetime of the device[11,12].
Hence, it is necessary to improve the properties of blue-
emitting materials’ anthracene-based derivatives.
In this work, we designed and synthesized two kinds

of anthracene-based compounds, 2-(4-t-butylphenyl)-5-
(4-(2-(9,10-di(β-naphthyl))anthracene-yl)-phenyl)-1,3,
4-oxadiazole(β-ADN-2-PBD) and 3-(4-t-butylphenyl)-

5-(4-(2-(9,10-di(β-naphthyl))anthracene-yl)biphenyl)-4-
phenyl-1,2,4-triazole (β-ADN-2-TAZ). Both of them
show high fluorescence quantum efficiency, and thermal
and morphological stability. Herein, we report the syn-
thesis and properties of the two compounds.

All reagents and solvents used in the experiments were
analytically pure. Tetrahydrofuran (THF) was purified by
distillation from sodium in the presence of benzophenone.
UV–vis absorption and emission spectra were measured
using a Unico UV-4802 double beam spectrophotometer
and a 970CRT fluorescence spectrophotometer, respec-
tively. Thermal properties were performed by a TA
DSC Q20 device and a TA TGA 2950 thermal analyzer
at a heating rate of 10°C/min. Using AgNO3∕Ag and
platinum wire as the reference and counter electrodes,
electrochemical properties were measured by a CHI660D
analyzer with the electrolyte of an Ar-saturated 0.1 mol/L
n-Bu4NPF6 solution in anhydrous CH2Cl2 and a scanning
rate of 0.1 V/s. Scanning electron microscopy was carried
out by the U.S. FEI Company 600 Quanta FEG scanning
electron microscope (SEM) instrument.

The synthesis routes of the two compounds were
sketched in Scheme 1 and Scheme 2. Compounds 1 and
7 were first synthesized according to Refs. [13,14]. Com-
pounds 2 and 4 were synthesized by reacting 1 and 4-tert-
butylbenzoyl hydrazine, respectively, with aniline at 0°C
for 3 h. The dehydration of compound 2 afforded com-
pound 3. At the same time, the acylation action of com-
pound 4 afforded compound 5, which when mixed with 4-
tert-butylbenzoyl hydrazine at 120°C for 4 h in dimethy-
lacetamide could produce compound 6. Meanwhile, the
transformation of compound 7 into boronic acid 8 was
performed by lithium–bromide exchange at—78°C, fol-
lowed by reaction with triisopropyl borate at—78°C
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and hydrolyzed in hydrochloric acid at room temperature.
Finally, the PdðPPh3Þ4-catalyzed Suzuki cross-coupling
reactions between compound 8 and compounds 3 and 6
afforded the desired anthracene-based derivatives in yields
of 86.7% and 80.2%, respectively. All the intermediates
and the final products were purified by recrystallization
or column chromatography, and the new compounds
(β-ADN-2-PBD and β-ADN-2-TAZ) were characterized

with 1H NMR, 13C NMR, elemental analysis, and ESI
mass spectroscopy.

β-ADN-2-PBD: 1H NMR (CDCl3, 500 MHz) δ (ppm):
8.17 (d, J ¼ 8.55 Hz, 2 H), 8.12 (d, J ¼ 8.30 Hz, 2 H), 8.06
(t, J ¼ 8.60 Hz, 6 H), 8.02 (s, 1 H), 7.96 (d, J ¼ 7.65 Hz,
2 H), 7.86 (d, J ¼ 9.10 Hz, 1 H), 7.66-7.75 (m, 7 H), 7.63
(s, 8 H), 7.55 (d, J ¼ 8.60 Hz, 2 H), 7.32-7.34 (q, 2 H), 1.37
(s, 9 H). 13C NMR (CDCl3, 500 MHz) δ (ppm): 164.7,
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164.3, 150.1, 143.1, 139.9, 138.9, 137.5, 134.3, 134.2, 134.1,
133.7, 133.6, 132.7, 128.8, 128.6, 128.4, 128.3, 128.1, 128.0,
127.1, 126.4, 126.3, 126.2, 125.6, 125.1, 124.9, 124.8, 123.1,
34.5, 31.3. Anal. Calc.: C, 88.97; H, 5.41; N, 3.58. Found:
C, 88.79; H, 5.44; N, 3.66. MS (ESI), m/z: Calc.: 782.33,
Found: 782.65 [Mþ].
β-ADN-2-TAZ: 1H NMR (CDCl3, 500 MHz) δ (ppm):

8.11 (d, J ¼ 8.00 Hz, 2 H), 7.93-8.05 (m, 6 H), 7.84
(d, J ¼ 9.15 Hz, 2 H), 7.72-7.78 (m, 2 H), 7.60-7.68
(m, 7 H), 7.52-7.57 (q, 4 H), 7.43-7.49 (m, 8 H), 7.36
(d, J ¼ 8.55 Hz, 2 H), 7.30-7.33 (m, 4 H), 7.21 (d,
J ¼ 8.70 Hz, 2 H), 1.28 (s, 9 H). 13C NMR (CDCl3,
500 MHz) δ (ppm): 155.5, 155.3, 149.8, 142.9, 139.6,
138.3, 137.1, 134.3, 134.2, 134.0, 133.7, 133.6, 132.7,
129.9, 129.7, 129.2, 128.8, 128.6, 128.4, 128.3, 128.1,
128.0, 127.0, 126.4, 126.3, 126.2, 125.6, 125.1, 124.9,
124.8, 34.8, 31.4. Anal. Calc.: C, 89.58; H, 5.52; N,
4.90. Found: C, 89.29; H, 5.55; N, 4.90. MS (ESI), m/z:
Calc.: 857.38, Found: 857.33 [Mþ].
The UV–vis absorption spectra of the compounds in

THF at 2 × 10−5 mol/L and film states are shown in Fig. 1,
and the corresponding photophysical data are summa-
rized in Table 1. The absorption spectra can be divided

into three regions: the intense absorption bands at higher
energy (240–260 nm) are assigned to the electronic tran-
sition (π − π�) of the aryl group[15], 300–350 nm shows the
electronic transition (π − π�) of the oxadiazole group and
triazole group[16], 350–450 nm shows the characteristic
vibrational patterns of an isolated anthtacene group.
The absorption spectra of two compounds in film states
have a redshift of 1–3 nm compared with that in solution.
According to the equation ½Eg ¼ 1240∕λONðnmÞ�, the
optical energy bandgap is 2.88 eV for β-ADN-2-PBD,
and 2.89 eV for β-ADN-2-TAZ, respectively.

At the excitation wavelength of 390 nm, the photolumi-
nescence (PL) maximum is 444 nm, 456 nm for β-ADN-2-
PBD, and 441 and 454 nm for β-ADN-2-TAZ in solution
and films, respectively, which are the typical blue fluores-
cence. The full width at half maximum (FWHM) is 56 nm
for β-ADN-2-PBD and 55 nm for β-ADN-2-TAZ, while
that of ADN is 57 nm, presenting good color purity.
The fluorescence quantum yields are 0.87 and 1.12 by us-
ing 9,10-diphenylanthracene (Φf ¼ 0.90) as a calibration
standard[17], respectively.

The thermal properties of β-ADN-2-PBD and β-ADN-
2-TAZ were investigated by differential scanning
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Fig. 1. UV–vis (L) and PL (R) spectra of β-ADN-2-PBD, β-ADN-2-TAZ, and ADN.

Table 1. Photophysical and Thermal Properties of ADN, β-ADN-2-PBD, and β-ADN-2-TAZ

Absorption (nm) PLb(nm)

Compounds solutiona film solution film Φf
c Tg/

dTm/
dTd

e (°C)

ADNf 234, 257, 357, 375, 396 –– 430 –– 0.80 ––/388/397
β-ADN-2-PBD 236, 261, 328, 369, 388, 409 239, 263, 330, 370, 388, 410 444 456 0.87 ––/334/440
β-ADN-2-TAZ 237, 266, 322, 369, 388, 409 240, 268, 325, 370, 389, 410 441 454 1.12 175∕ > 350∕459
aMeasured in THF.
bExcited at 390 nm.
cFluorescence quantum yields were determined by using 9,10-diphenylanthracene (Φf ¼ 0.90) as a calibration standard excited at 390 nm.
dObtained from DSC measurement.
eObtained from TGA measurement (temperature at 5% weight loss under nitrogen, 10°C/min ramp rate).
fThe thermal data for ADN come from Ref. [17].
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calorimetry (DSC) and thermogravimetric analyses
(TGA). The relevant data of glass of transition tempera-
ture Tg, melting transition temperature Tm, and decom-
position temperature Td are shown in Fig. 2 and Table 1.
In Fig. 2, β-ADN-2-TAZ presents a glass transition tem-
perature Tg of 175°C, which is higher than those of most of
the well-known small molecule materials used in optoelec-
tronic fields[18]. In the case of β-ADN-2-PBD, Tg could not
be observed while the melting transition temperature

(Tm) was observed at 334°C. As a result, β-ADN-2-
PBD and β-ADN-2-TAZ have good thermal stability de-
spite being relatively low molecular weight organic
compounds.

The electrochemical properties of β-ADN-2-PBD and
β-ADN-2-TAZ were studied by cyclic voltammetry.
The results are shown in Fig. 3 and Table 2. The
bandgap (Eg) was calculated from the absorption edges
½Eg ¼ 1240∕λON ðnmÞ�. The highest occupied molecular
orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) of the materials were determined by the equation
HOMOðeVÞ ¼ −ðEox þ 4.8 eVÞ. The LUMO levels were
calculated by subtracting the bandgap from the HOMO
levels. The HOMO, LUMO, and bandgap of these two
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Fig. 2. TGA and DSC traces of β-ADN-2-PBD and β-ADN-2-TAZ
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Fig. 3. I-V curves of β-ADN-2-PBD and β-ADN-2-TAZ.

Table 2. Electrochemical Properties of ADN, β-ADN-2-
PBD, and β-ADN-2-TAZ

Compound Eox(V)
λON
ðnmÞ

Eg

ðeVÞ
EHOMO
ðeVÞ

ELUMO
ðeVÞ

ADNa –– 420 2.95 −5.60 −2.65

β-ADN-2-PBD 0.81 430 2.88 −5.61 −2.73

β-ADN-2-TAZ 0.74 429 2.89 −5.54 −2.65
aElectrochemical data of ADN come from Ref. [19].
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materials are close to that of ADN, showing that β-ADN-
2-PBD and β-ADN-2-TAZ are very suitable not only for
blue-emitting materials but also for blue host materials.
Morphologies of ADN, β-ADN-2-PBD, and β-ADN-2-

TAZ were studied by a SEM, and the images are shown
in Fig. 4. The thin films were spun on indium tin oxides
glass with a rotation rate of 800 rpm and a rotation time of
12 s, 3 h under vacuum at 100°C.
Figure 4 shows that the ADN film is discontinuous, and

there are some islands separated by gaps, which is consis-
tent with the report in Ref. [20], while the films of two
compounds are continuous, compact, and smooth after
100°C for 3 h, which is probably because the introduction
of bulky moieties into the 2-position of anthracene im-
proves the morphological stability[21,22].
In conclusion, two kinds of novel blue-light-emitting

anthracene-based derivatives are synthesized. It is inter-
esting that introduction of PBD, TAZ branches to
ADN can obtain higher fluorescence quantum yields. At
the same time, both of them have good color purity, supe-
rior thermal stabilities, and continuous, compact, smooth
films after 100°C for 3 h. It has significant potential to
prepare for high efficient and long operation life-
time OLEDs.
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and the Science and Technology Research Projects of
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Fig. 4. SEM images of (a) ADN, (b) β-ADN-2-PBD and (c) β-ADN-2-TAZ.
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