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a b s t r a c t

Diphenylamino- and triazole-endcapped fluorene derivatives which show a wide energy
band gap, a high fluorescence quantum yield and high stability have been synthesized
and characterized. Single-layer electroluminescent devices of these fluorene derivatives
exhibited efficient deep blue to greenish blue emission at low driving voltage. The sin-
gle-layer OLED of PhN-OF(1)-TAZ shows a maximum current efficiency of 1.54 cd/A at
20 mA cm�2 with external quantum efficiency (EQE) of 2.0% and CIE coordinates of
(0.153, 0.088) in deep blue region, while the single-layer device of oligothienylfluorene
PhN-OFOT-TAZ shows a maximum brightness of 7524 cd/m2 and a maximum current effi-
ciency of 2.9 cd/A with CIE coordinates of (0.20, 0.40) in greenish blue.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction

Organic light-emitting diodes (OLEDs) have been re-
cently realized in consumer electronics for practical appli-
cations in small-size active matrix OLED displays and
solid-state lightings due to the success of materials devel-
opment and device engineering [1–6]. Among the three
principal colors necessary for full color OLED display appli-
cations, blue-emitting materials and devices are still
needed to be improved the most in terms of efficiency, life-
time and color purity owing to the far superior stabilities

and device performances of green and red emitters.
Besides, blue-emitting materials can also be the host for
dopant emitters because of its intrinsic large energy band-
gap. However, only a handful of deep-blue OLEDs based on
organic emitters achieved high external quantum efficiecy
(EQE) up to date [7–12]. Hence, the development of blue
emitters for highly efficient and stable full color OLED
applications still remains a challenge because these mate-
rials require possessing a high fluorescence yield, a wide
energy band gap, a high thermal stability and good thin
film morphology [13].

Some materials having both electron-rich and electron-
deficient moieties show abilities of electron-transporting
and hole-transporting. They can effectively stabilize exci-
ton and balance the charges in the emitting layer, and thus
improve device performance in OLEDs [14–18], in spite of
their shortcomings [19–27]. Nevertheless, such materials
with wide band gap, highly efficient and stable blue emis-
sion are still to be developed [28–33].

Oligofluorenes non-conjugated with highly electron-
rich triphenylamines and electron-deficient triazole (TAZ)
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moieties have been demonstrated to exhibit high thermal
stability and good OLED device performance in our previ-
ous study [29]. However, significant red-shift was ob-
served for the oligomer with higher conjugation and
similar phenomenon was reported by other studies, which
was due to the oxidation of 9-position on fluorine [34,35].
So a comparatively small molecule is of advantage over
large ones in device fabrication by sublimation method.
On the other hand, donor–acceptor oligofluorenes conju-
gated with diphenylamino and triazole groups have shown
high fluorescence quantum yields and excellent multipho-
ton absorption properties [36]; and we expect good elec-
troluminescence of these conjugated materials with the
advantage in intramolecular charge transfer over the corre-
sponding non-conjugated ones. Furthermore, introduction
of thienyl ring into a molecule can reduce the energy gap
effectively and thus tune the color in device [37,38].

In this contribution, we reported herein the synthesis
and electroluminescence performance of three diphenyl-
amino- and triazole-conjugated oligofluorene derivatives,
PhN-OF(n)-TAZ (n = 1, 2) and oligothienylfluorene PhN-
OFOT-TAZ as a non-doped blue emitter in single-layer
OLEDs. It has been found that these materials exhibit high
quantum yield and thermal stability. The single-layer OLED
of PhN-OF(1)-TAZ shows a maximum current efficiency of
1.54 cd/A at 20 mA cm�2 (external quantum efficiency
(EQE) of 2.0%) with CIE coordinates of (0.153, 0.088) in
deep blue region, while the OLED of PhN-OF(2)-TAZ shows
a maximum current efficiency of 1.8 cd/A (EQE of 1.1%) and
a maximum brightness of 5349 cd/m2 with CIE coordinates
of (0.16, 0.23) in blue region. Furthermore, the single-layer
device of PhN-OFOT-TAZ shows a maximum brightness of
7524 cd/m2 and a maximum current efficiency of 2.9 cd/A
(EQE of 2.0%) with CIE coordinates of (0.20, 0.40) in sky
blue to greenish blue. These results are among the best
performance reported for blue emission of small molecule
OLEDs in non-doped single-layer devices [29,39–41].

2. Experimental

2.1. Synthesis of 4-N-phenyl-5-(4-tert-butylphenyl)-3-{4-
[90,90-di-n-butyl-70-diphenylamino-20-fluorenyl]phenyl}-
1,2,4-triazole (PhNOF(1)-TAZ) [42]

A mixture of 9,9-di-n-butyl-7-diphenylamino-2-fluor-
enylboronic acid (1, 1.93 g, 3.94 mmol), 2 (1.14 g,
2.63 mmol), Pd(OAc)2 (30 mg, 0.13 mmol), P(o-tolyl)3

(80 mg, 0.26 mmol), 2 M K2CO3 (4 mL), toluene (20 mL)
and methanol (8 mL) under nitrogen atmosphere was
heated at 75 �C overnight with good magnetic stirring.
After cooling to room temperature, the reaction mixture
was poured into water and extracted with ethyl acetate
(30 mL), followed by dichloromethane (30 mL). The com-
bined organic layer was dried over anhydrous Na2SO4,
evaporated to dryness. The residue was purified by silica
gel column chromatography using 8:1 dichlorometh-
ane:ethyl acetate as eluent affording 1.74 g (83%) of a
white solid. 1H NMR (400 MHz, CDCl3,) 7.63–7.47 (m,
10H), 7.37 (d, J = 8.4 Hz, 2 H), 7.31 (d, J = 7.6 Hz, 2 H),
7.27 (m, 6 H), 6.99–7.25 (m, 9 H), 1.85–1.91 (m, 4 H),

1.29 (s, 9 H), 1.04–1.09 (m, 4 H), 0.63–0.71 (m, 10 H). 13C
NMR (100 MHz, CDCl3,) 154.8, 154.4, 152.9, 152.4, 151.4,
147.9, 147.3, 142.7, 140.8, 137.9, 135.6, 135.5, 130.0,
129.7, 129.1, 129.0, 128.4, 128.0, 126.9, 125.9, 125.4,
123.9, 123.4, 122.5, 121.0, 120.5, 119.4, 119.2, 55.1, 40.0,
34.7, 31.1, 26.0, 23.0, 13.8. HRMS (MALDI-TOF) m/z calcd
for C57H56N4 796.4505, found [M+] 796.4512.

2.2. Measurements

1H and 13C NMR spectra were recorded on a Bruker AM
400 spectrometer. Mass spectrometric measurements
were recorded by a HP5989 mass spectrometer. UV–vis
spectra were obtained on a Varian Cary 200 spectropho-
tometer. Fluorescence spectra were obtained on a Per-
kin–Elmer LS55 luminescence spectrometer. The
differential scanning calorimetry (DSC) analysis was per-
formed under a nitrogen atmosphere on a TA Instruments
DSC 2920. Thermogravimetric analysis was undertaken
using a TGA instrument (PE-TGA6). To measure the fluo-
rescence quantum yields (UF), degassed solutions of the
compounds in different solvents were prepared and qui-
nine sulfate monohydrate (U350 = 0.58) was used as a stan-
dard, while the absolute quantum yields UF of the dyes in
powder were measured by Edinburgh Photonics FLS920
fluorescence spectrometer. The concentration was ad-
justed so that the absorbance of the solution would be low-
er than 0.1. Cyclic voltammetric (CV) measurements were
carried out in a conventional three-electrode cell, using a
Pt button working electrode 2 mm in diameter, a platinum
wire counter electrode, and a SCE reference electrode on a
computer-controlled EG&G Potentiostat/Galvanostat mod-
el 283 at room temperature. Reduction CV of all com-
pounds was performed in dichloromethane containing
Bu4NPF6 (0.1 M) as the supporting electrolyte.

2.3. Device fabrication

Prior to the deposition of organic materials, indium–tin
oxide (ITO)/glass was cleaned with a routine cleaning pro-
cedure and pretreated with oxygen plasma. Devices were
fabricated under about 10�6 Torr base vacuum in a thin-
film evaporation coater following a published protocol
[43]. The current–voltage–luminance characteristics were

Fig. 1. Molecular structure of fluorene derivatives.
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