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green (x=0.22,y=0.71).

2,6-Diphenylpyridine-based compound (6) was synthesized and fully characterized. The crystal structure
of 6 was determined by single crystal X-ray diffraction determination. It is fluorescent in the blue-green
region. The HOMO and LUMO energy levels obtained from electrochemical and UV-vis spectrum are —5.25
and —2.48 eV, respectively. INDO method in the ZINDO program was employed to study their electron
density distribution. Using the dye as light-emitting layer without doping, organic light-emitting diodes
showed appropriate green emission at Amax =518 nm. The device shows good performance with a low
turn-on voltage of 3.10V and a maximum brightness of 28,839 cd/m?2 at 14.71V. The CIE coordinates
calculated based on the EL data are (0.28,0.58) close to the chromaticity coordinates of the NTSC standard

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Considerable progress has been made on organic light-emitting
diodes (OLEDs) since the reports of Kodak’s team [1] and Cam-
bridge’s group [2] on small molecule-based and polymer-based
devices over a decade ago. OLEDs normally contain three lay-
ers, with hole-transporting, emitting and electron-transporting
properties, respectively, sandwiched between suitable anodes and
cathodes. When voltage is applied, the holes migrate through
the hole-transporting material and loosely bond with the elec-
trons at the interface with the electron-transporting layer (ETL)
to form the excitons that are responsible for the emission
of light [3]. Organic electroluminescent materials, which can
offer fast responses, high brightnesses, low drive voltages, large
areas, low production costs and ease of color tuning, have been
extensively investigated for various full-color flat-panel display
applications in recent years [4-7]. In order to realize full-
color displays, red-green-blue materials with good color purity,
sufficient brightness, high efficiency and adequate thermal sta-
bility are necessary [8]. The search for efficient and stable new
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emitting materials with proper CIE values for full-color dis-
plays remains as one of the most active areas of these studies.
Among the well-known light-emitting materials, Alqs is con-
sidered as the most commonly used green host emitter. The
Algs-based devices have been investigated in detail and have
shown excellent properties in fabrication, lifetime and bright-
ness [9,10]. In addition to Alqs and its derivatives [11,12], many
green-light emitters have appeared in the literature [ 13-15]. Bis(10-
hydroxybenzo[h]quinolinate) beryllium (Bebq,) is known as an
effective green-light host emitter [13]. Several carbazole derivatives
have recently shown to be very efficient both as hole trans-
porters and green emitters [14]. Pyridine-containing conjugated
polymers have also been shown to be promising candidates for
green light-emitting devices [16]. In this work, we wish to explain
that by a proper choice of the hole-transporting, hole-blocker
and electron-transporting materials, pyridine-derivative-based
electroluminescent devices show high brightness and current effi-
ciency, very low turn-on voltage and excellent CIE coordinates.
2,6-Diphenylpyridine-based compound was synthesized and fully
characterized. The crystal structure of 6 was determined by sin-
gle crystal X-ray diffraction determination. It was well soluble
in most organic solvents. Its optical properties are also pre-
sented. Theoretical calculations have also been employed to study
their electron density distribution. The physical data of the com-
pound and the performance of the device are also illustrated
[8].
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2. Experimental
2.1. Materials and measurements

All commercially available chemicals were of analytical grade
and used without further purification. In the experiment, the sol-
vents were purified by conventional methods. IR spectra were
recorded on NEXUS 870 (Nicolet) spectrophotometer in the
400-4000cm™! region using a powder sample on a KBr plate.
The 'H NMR and '3C NMR spectra recorded on at 25°C using
Bruker Avance 400 spectrometer were reported as parts per
million (ppm) from TMS (d). Coupling constants /] were given
in hertz. Mass spectrum was determined with a micromass
GCT-MS (EI source). X-ray diffraction data of single crystals were
collected on Bruker APEX2 CCD area-detector differactometer.
The determination of unit cell parameters and data collections
were performed with Mo Ka radiation (k=0.71073 A). Unit cell
dimensions were obtained with least-squares refinements, and
all structures were solved by direct methods using SHELXS-97.
The other non-hydrogen atoms were located in successive dif-
ference Fourier syntheses. The final refinement was performed
by full-matrix least-squares methods with anisotropic thermal
parameters for non-hydrogen atoms on F2. The hydrogen atoms
were added theoretically and riding on the concerned atoms.
UV-vis absorption and emission spectra were recorded on UV-3600
spectrophotometer and Hitachi F-2500 fluorescence spectrome-
ters, respectively. The single-photon-excited fluorescence quantum
yields @ were measured using a standard method under the same
experimental conditions for title compound. Coumarin 307 dis-
solved in ethanol (©=0.56) [17], at the same concentration as
title compound, was used as the standard. Thermal gravimetric
analysis (TGA) was carried out under a nitrogen atmosphere at
a heating rate of 20°C/min from 20 to 850°C, with a Perkin-
Elmer Diamond thermogravimetric analyzer. Cyclic voltammetry
experiments were performed with a CHI630C electrochemical ana-
lyzer. All measurements were carried out at room temperature
with a conventional three-electrode configuration consisting of
a platinum working electrode, an auxiliary platinum electrode
and a non-aqueous Ag/AgCl reference electrode. The solvent in
this experiment was dichloromethane, and the supporting elec-
trolyte was tetra-n-butylammonium perchlorate (TBAP). The onset
potentials were determined from the intersection of two tan-
gents drawn at the rising current and background current of the
cyclic voltammogram. According to the oxidation onset poten-
tials of the CV measurements, the HOMO energy level of the
material is estimated based on the reference energy level of
normal hydrogen electrode (NHE) (4.50eV below the vacuum):
HOMO = —(Egpset + 0.20V) — 4.50 eV, where the value 0.20V is for
Ag/AgCl vs NHE [18].

2.2. Synthesis of 1-phenyl-3-p-tolyl-2-alkene-1-ketone 1 [19]

A flask was charged with a mixture of p-toluadehyde (6.00g,
50 mmol), acetophenone (6.00 g, 50 mmol) and 2% aqueous sodium
hydroxide (150 mL), and the mixture was vigorously stirred at room
temperature for 30 min, then heated about 60 °C for 6 h. The reac-
tion was monitored by TLC. After the reaction, a light yellow solid
was filtered, washed with water and air-dried to give 10.90 g. Yield:
98.20%. IR (cm~1): 3049, 1655, 1599, 1334, 982, 690. 'H NMR
(CDCl3, 400 MHz, ppm) &: 2.39 (s, 3H), 7.23 (d, 2H, J=8.00Hz),
7.47-7.60 (overlapping multiples, 6H), 7.80 (d, 1H, J=15.70Hz),
8.00-8.04 (m, 2H). 3C NMR (CDCl3, 100.61 MHz, ppm) §: 21.05,
120.67, 127.96-128.20 (m), 129.24, 131.71, 132.17, 137.92, 140.60,
144.45, 190.15.

2.3. Synthesis of 1,5-diphenyl-3-p-tolyl-1,5-dione 2 [19]

Acetophenone (2.40 g, 20 mmol), 1-phenyl-3-p-tolyl-2-alkene-
1-ketone 1 (4.40 g, 20 mmol) and powder NaOH (3.20 g, 80 mmol)
were crashed together with a pestle and mortar for 2 h to give the
residue, which was recrystallized from ethanol to give white needle
crystal. Yield: 6.20 g,90.60%. IR (cm~1): 2914, 1674, 1595, 1238, 978,
687. TH NMR (CDCl3, 400 MHz, ppm) §: 2.28 (s, 3H), 3.40 (m, 4H),
4.02 (m, 1H), 7.08 (d, 2H, J=7.90Hz), 7.16 (d, 2H, J=7.90 Hz), 7.43 (t,
4H), 7.53 (m, 2H), 7.90-7.96 (m, 4H). 13C NMR (CDCl3, 100.61 MHz,
ppm) &: 20.53, 36.39, 44.57, 126.82, 127.68, 128.09, 128.80, 132.54,
135.75, 136.49, 140.30, 198.18.

2.4. Synthesis of 4-p-tolyl-2,6-diphenylpyridine 3 [19]

1,5-Diphenyl-3-p-tolyl-1,5-dione 2 (3.40 g, 10 mmol) was added
to a stirred solution of ammonium acetate (8 g, excess) in ethanol
(100 mL). The reaction mixture was heated at reflux for 10h.
Upon cooling to room temperature, a precipitate was filtered,
washed with water three times and dried to afford the product,
purified by flash column chromatography on silica. Elution with
petroleum:ethyl acetate (8:1) gave a white solid. Yield: 1.90g,
59.40%. IR (cm~1): 3034, 1599, 1387, 1026, 814, 687. 'H NMR
(CDCl3, 400 MHz, ppm) §: 2.46 (s, 3H), 7.35 (d, 2H, J=8.02 Hz),
7.40-7.60 (m, 6H), 7.67 (d, 2H, J=8.02Hz), 7.90 (s, 2H), 8.22
(d, 4H, J=8.02 Hz). 3C NMR (CDCl5, 100.61 MHz, ppm) §: 20.79,
116.47,126.54,126.71,128.22,128.55,129.38, 135.61, 138.65, 139.14,
149.66, 156.98

2.5. Synthesis of
4'-(phenyl-p-bromomethyl)-2,6-diphenylpyridine 4 [19]

4-p-Tolyl-2,6-diphenylpyridine 3 (6.42g, 20 mmol), NBS (4¢g,
22mmol) and a catalytic amount of benzoyl peroxide (BPO,
0.16g) were mixed in tetrachloromethane (150 mL). The mix-
ture was refluxed for 12h. The reaction was monitored by TLC
(petroleum:ethyl acetate, 4:1). After the reaction was completed,
the mixture was dispersed in 100mL water. The solution was
extracted with CH,Cl, three times. The organic layer was washed
with water and saturated brine consequently. The organic extracts
were dried over MgSO4. The solvent was removed in vacuo, and
the residue was transferred to the top of a silica gel chromatogra-
phy column which was eluted with petroleum:ethyl acetate (8:1)
gave a white solid. Yield: 7g, 87.50%. 'H NMR (CDCl3, 400 MHz,
ppm) &: 4.58 (s, 2H), 7.55 (m, 10H), 7.74 (d, 2H, J=8.20Hz), 7.88
(s, 2H), 8.20 (m, 2H). 13C NMR (CDCl3, 100.61 MHz, ppm) §: 32.31,
45.24,116.00, 126.68, 127.13, 128.25, 128.67, 128.87, 129.33, 138.44,
149.04, 157.12.

2.6. Synthesis of compound 4-(2,6-diphenylpyridine-4')-benzyl
triphenyl phosphonium bromide 5 [20]

4'-(Phenyl-p-bromomethyl)-2,6-diphenylpyridine 4 (5.74¢g,
14 mmol) and trimethyl phosphate (3.77 g, 14 mmol) were mixed
in dried benzene (150 mL). The mixture was refluxed for 12h.
After the reaction was completed, the solvent was removed
under reduced pressure, and cooled to room temperature. After
addition of ethanol, the mixture was vigorously stirred at room
temperature for 30 min. A white solid precipitate was filtered,
washed with ethanol and air-dried to give 7.53 g. Yield: 79.20%.
The product participated in the next reaction without being
characterized.
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Scheme 1. Synthesis of 6: (a) 2% aqueous sodium hydroxide, reflux; (b) acetophenone, NaOH; (c) CH3COONHy, ethanol, reflux; (d) NBS, BPO, CCly, reflux; (e) PPhs, benzene,

reflux; (f) 4-diethylaminobenzaldehyde, t-BuOK, grind.

2.7. Synthesis of compound
4'-(4-{2-[4-(diethylamino)phenyl]ethenyl}phenyl)-2,6-
diphenylpyridine 6 (Scheme 1)

Fresh t-BuOK (672mg, 6.00mmol) was placed in a dry
mortar and milled to very small, then compound 4-(2,6-
diphenylpyridine-4’)-benzyl triphenyl phosphonium bromide 5
(661.20 mg, 1.00 mmol) and 4-diethylaminobenzaldehyde (200 mg,
1.13 mmol) were added and mixed equably. The mixture was milled
vigorously for about 20 min, and became sticky. After completion of
the reaction (the reaction was monitored by TLC; petroleum:ethyl
acetate, 4:1), the mixture was dispersed in 100 mL water. The solu-
tion was extracted with CH,Cl, three times. The organic layer was
washed with water and saturated brine consequently. The organic
extracts were dried over MgSOg4. The solvent was removed in vacuo,
the residue was transferred to the top of a silica gel chromatogra-
phy column which was eluted with petroleum:ethyl acetate (8:1).
The strong green fluorescence was collected, and 252 mg prod-
uct 6 was obtained with 52.50% yield. IR (KBr, cm~1): 2924, 1595,
1439, 1188, 692. 'H NMR (CDCls, 400 MHz, ppm) 8: 1.08 (m, 6H),
3.35 (m, 4H), 6.67 (d, 2H, J=8.40Hz), 7.02 (d, 1H, J=16.00Hz),
7.24 (d, 1H, J=16.40Hz), 7.47 (m, 4H), 7.56 (t, 4H), 7.70 (d, 2H,
J=8.00Hz),8.03(d, 2H,J=8.00Hz),8.16 (d, 2H,J=26.00 Hz), 8.33 (d,
4H, J=7.60Hz). 3C NMR (CDCl3, 100.61 MHz, ppm) §: 12.95, 18.90,
4415, 111.92, 116.46, 122.56, 126.83, 127.40, 127.97, 128.58, 129.22,
129.68, 130.41, 135.70, 139.33, 139.65, 149.55, 157.01. MS (EI), m/z:
480 (M*), 465 (M*—CH3).

2.8. Devices fabrication and characterization

Four-layer devices were fabricated with a configuration of
indium tin oxide ITO/NPB (30nm)/6 (40nm)/BCP (10 nm)/Alqs
(20nm)/Mg:Ag (10:1, mass ratio, 150nm)/Ag (10nm), in which
4,4'-bis[N-(1-naphthyl)-N-phenylamino]biphenyl (NPB) as hole-
transport layer, 6 as the emitting layer, 2,9-dimethyl-4,7-
diphenyl-1,10-phenanthroline (BCP) as a hole-blocker layer,
tris(8-hydroxyquinoline)aluminum (Alqgs) as electron transport
layer. The ITO glass was cleaned in ultrasonic baths of detergent,
deionized water and acetone in sequence, and followed oxygen

plasma cleaning. The organic films and metal electrode were
sequentially deposited on the substrate by thermal evaporation
under a vacuum of 10-6 Torr. The deposition rates were 2-3 Afs
for the organic materials and 5-7 A/s for the cathode metals. The
emitting area of the device was 4 mmZ. The thickness of films was
measured by a Dektak surface profilometer. The EL spectra and
current-voltage-luminance (J-V-L) characteristics were measured
with a Spectra scan PR 650 photometer and a computer-controlled
DC power supply. All the measurements of the devices were carried
out under ambient conditions.

3. Results and discussion
3.1. Structure features

The crystal of 6, suitable for the X-ray analysis, was obtained
from slow evaporation CH,Cl, covered with ethanol at room tem-
perature several days later (Table 1). The selected bond distances
and angles are listed in Table 2. As shown in Fig. 1, it is obvious

Table 1

Crystal data collection and structure refinement of 6
Molecule 6
Formula C35H3oN,
Formula weight 480
Crystal system Orthorhombic
Space group Pca2(1)
Temperature (K) 293(2)

A of Mo Ka (A) 0.71069
Absorption coefficient (mm~1) 0.093
a(A) 9.981(5)
b (A) 13.461(5)
c(A) 41.256(5)
o (°) 90.000(5)
B() 90.000(5)
y(°) 90.000(5)
V(A3) 5543(4)
VA4 4
Reflections collected 10950
Reflections unique 4024

Final R indices [I>2r(I)]JR; =0.0698, wR, = 0.1274
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Table 2 R

Selected bond lengths (A) and angles (°) of 6

C8-C11 1.450
C12-C13 1.456
C4-N1 1.445
C2-N1-C4 116.09
C4-N1-C5 120.45
C11=C12 1.312
C2-N1 1.436
C5-N1 1.375
C2-N1-C5 120.83

that the C=C exists in trans-isomer, making for planar construction
of molecular. In the diphenylpyridine acceptor moiety, the central
pyridinyl (labeled PO) is also arranged with three phenyl planes
(P1, P2 and P3) being 6.53° (between PO and P1), 13.10° (PO and P2)
and 13.10° (PO and P3). The result indicates that the diphenylpyri-
dine group is seldom coplanar. At the diethylamino donor end, the
central nitrogen and its three bended carbon atoms are basically
coplanar, forming a quasi-equilateral trigonal NC3 plane (defined
as the P5 plane), with the sum of the three C-N-C angles (357.37°)
being close to 360°. In fact, the entire aniline groups are basically
coplanar. This coplanarity of the trigonal NC; in chromophore 6
implies that the lone pair of the electrons may be highly delocal-
ized into the large m-system, even in the ground state. The linkage
between two phenyl rings (P1 and P4) is quite conjugated with
bond lengths of C8-C11: 1.450A, C11=C12: 1.312 A and C12-C13:
1.456 A. These structural features suggest that all non-hydrogen
atoms between donor and acceptor are highly conjugated, leading
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to a -bridge for the charge transfer from the central diethylamino
moiety to the phenylpyridine unit.

3.2. Photophysical properties

The optical properties of the 6 were measured both in solu-
tion and in thin film, and the corresponding spectra were shown
in Fig. 2. The concentration of the solution for the measurements
of UV-vis and photoluminescent (PL) spectra was 1.00 x 10~
and 1.00x 107°M in benzene, respectively. The thin film for
UV-vis and PL measurements was prepared by spin-coating from
dichloromethane solution on a quartz plate followed by drying for
2h at room temperature. The optical properties data for 6 were
summarized in Table 3. As shown in Fig. 2, the solution and the film
show absorption maximum at 382 and 396 nm, respectively, which
correspond to the - transition of the main chain [21]. Note that
the absorption profiles and the absorption maxima are mainly dom-
inated by the nature of the excited state m-electron system [20,22].
The band gap energy figured out from the UV-vis spectrum of 6
film is 2.77 eV. The solution and the film emit blue-green light with
a maximum at 482 and 497 nm, respectively. The emitting wave-
length of 6 shows more significantly red shifts in the solid film
than those in solution, which implies that there are stronger inter-
actions among dye than between solvent and dye. Therefore, this
material has probably strong fluorescence quenching in the solid
film [23]. Note that the emission profiles and the emission maxima
mainly reflect the nature of the ground state m-electron system
[20,22]. Using coumarin 307 as a reference, fluorescence quantum

Fig. 1. Crystal structure of 6.
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Fig. 2. (a) Solution and film absorption spectra of 6 and (b) solution and film emission spectra of 6.
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Table 3

Summary of the optical and electrochemical properties data for 6

Compound Amax (nm) ADaX (nm) Egm (eV)2 ECXIN (V)R HOMO (eV)© LUMO (eV)d
Solution® Film Solution® Film

6 382 396 482 497 2.77 0.55 —5.25 —2.48

a Optical band gap, calculated from the absorption edge of the UV-vis spectrum.
b potential values are listed vs Ag/AgCl.

¢ Determined from the onset oxidation potential, HOMO = —(Eqnset +0.20 V) — 4.50 eV, where the value 0.20V is for Ag/AgCl vs NHE.

4 Eumo =Enomo * Eg.

€ The concentration of the solution for the measurements of UV-vis and photoluminescent (PL) spectra was 1.00 x 10~5 and 1.00 x 10~6 M in benzene, respectively.

yield (@) of 6 was obtained. Compound 6 shows a moderately high
fluorescence quantum yield with @ =0.67. In order to examine the
potential application of the new synthesized compound, 6 selected
as the candidate for electroluminescent (EL) device fabrication due
to its higher solubility and easier fabrication. Therefore, thermal
properties, electrochemistry and electroluminescence studies of 6
were carried out.

3.3. Thermal stability

To study the thermal stability of the title compound, TGA was
performed on the single crystal sample in the range 20-850°C
(Fig. 3). The title compound is stable up to 269.2 °C and then keeps
losing weight from 269.2 to 840.5 °C, indicating that it possess good
thermal stability.

3.4. Electrochemical properties

In the device to fabricate and investigate the OLED characteris-
tics of 6, information on the electronic structure of the luminescent
compound is essential. Cyclic voltammetry was used to investigate
the redox behavior of the compound and to assess the HOMO and
LUMO energy levels [21,24]. The electrochemical properties data
for 6 were summarized in Table 3. The cyclic voltammogram for the
selected compound is shown in Fig. 4. The couple of reversible oxi-
dation process is probably attributed to the removal of one electron
from the diethylamino unit [23]. Moreover, the reversible nature
of these peaks indicates the electrochemical stability of the com-
pound [25]. The energy gap was determined by the absorption edge
of the absorption spectra (2.77 eV) of the sample films on quartz
substrates [23]. The HOMO energy level vs vacuum level was cal-
culated from the measured onset potential of oxidation (0.55V vs
Ag/AgCl) (Fig. 4) by assuming that the energy level of NHE is 4.50 eV
below the vacuum level, and the LUMO energy level was calcu-
lated from the HOMO energy level and the absorption edge. The
HOMO and LUMO energy levels obtained from electrochemical and

100 -

80 A
£ 60 A
-
&)
=40 A

20 A

u 1 T T T T
0 200 400 600 800

Temp °C

Fig. 3. The TGA diagram of 6.

UV-vis spectrum are —5.25 and —2.48 eV, respectively. Thus, the
charge-trapping mechanism will play an important role in improv-
ing the device efficiency. The higher electron affinity of 6 could
also decrease the energy barrier for electron injection. LUMO lev-
els of the compound (6: 2.48 eV) in a neat solid were low enough to
easily accept electrons from a cathode metal such as Mg:Ag (work
function: 3.7 eV). This nature was caused by the electron-accepting
moiety (pyridine) [26].

3.5. Quantum chemical calculations [23]

To understand the energy levels and to get further information
about the charge-transferring electronic structure of the dye, quan-
tum chemical calculations are performed with INDO method in the
ZINDO program. The optimal molecular orbitals of the ground state
for the dyes are shown in Fig. 5. In the HOMO, the electrons are
mainly concentrated on the nitrogen atom of the diethylamino and
its adjacent ethenylbenzene unit. In the LUMO, the electrons spread
over the molecule along the molecular axis. Obviously, the electron
transition from the HOMO to the LUMO is accompanied by charge
transfer from the central diethylamino moiety to the phenylpyri-
dine unit.

3.6. Electroluminescent properties

With indium tin oxide (ITO) as the anode, 30 nm of 4,4’-bis|N-
(1-naphthyl)-N-phenylamino]biphenyl (NPB) as hole-transport
layer, 40nm of 6 as the emitting layer, 10 nm of 2,9-dimethyl-
4,7-diphenyl-1,10-phenanthroline (BCP) as a hole-blocker layer,
20nm of tris(8-hydroxyquinoline)aluminum (Alqs) as electron
transport layer. An alloy of magnesium and silver (10:1, mass
ratio, 150 nm) as the cathode, which was capped with 10 nm of
silver, devices with structure of ITO/NPB (30 nm)/6 (40 nm)/BCP
(10nm)/Alqs (20nm)/Mg:Ag (10:1, mass ratio, 150 nm)/Ag
(10 nm) was fabricated by thermal vacuum deposition. The device

Current/uA
S
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—

=
1
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Fig. 4. Cyclic voltammetry (CV) of 6.
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Fig. 5. Energy level and electron density distribution of frontier molecular orbital: (a) 6—HOMO and (b) 6—LUMO.

performances are summarized in Table 4. There is essentially no
change in the EL spectrum (Fig. 6) between 4 and 14 V. The material
showed appropriate green emission at Amax =518 nm. Fig. 7 shows
the current-voltage-luminance characteristics of the OLEDs. The
device based on 6 shows good performance with a low turn-on volt-
age 0f 3.10V and a maximum brightness of 28,839 cd/m? at 14.71 V.
Fig. 8 illustrates the current efficiency-power efficiency-current
density characteristics of the device. A maximum current efficiency

Table 4
Summary of device performance data for 6

of 2.63 cd/A was obtained at a current density of 2.57 mA/cm?2.
The device showed a gradual decreasing in current efficiency (7;)
with increasing current density. However, it remained high 7 of
2.23 cd/A at the high current density of 500 mA/cm?. Although its
efficiency is not too high, it can be further improved by optimizing
the device structure. The CIE coordinate calculated based on the
EL data is (0.28,0.58) close to the chromaticity coordinate of the
NTSC standard green (x=0.22,y=0.71) [8]. The EL spectrum of

Uoneset (V) Lmax (Cd/mz) Nmax (IM/W)

Nimax (Cd/A)

CIE coordinate (8 V) Amax (nm) (low voltage)

3.10 28,839 1.65

(0.28,0.58) 518
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Fig. 6. EL spectra of 6 from ITO/NPB/6/BCP/Alq3/Mg:Ag/Ag run at 4-14 V.
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Fig. 7. Current density-voltage-brightness characteristics of devices of
ITO/NPB/6/BCP/Alqs/Mg:Ag/Ag.

6 closely resembles the PL spectrum, particularly in the half-
bandwidth and the lowest and highest emission edges of the
spectrum (Figs. 2 and 6). Although Alqgs also reveals a maximum
emission at the wavelength very close to the value of 6, we can
conclude that the excitons are confined in the 6 layer through the
HOMO and LUMO energy levels of layers for the device ITO/NPB
(30nm)/6 (40 nm)/BCP (10nm)/Algs (20 nm)/Mg:Ag (10:1, mass
ratio, 150nm)/Ag (10nm). Analysis of the HOMO and LUMO
energy levels of layers for this device was shown in Fig. 9. HOMO
energy level of 6 (5.25eV) lies between those of NPB (5.23eV)
and that of BCP (6.70eV) [27], whereas the LUMO energy level of
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Fig. 8. Current efficiency-power efficiency-current density characteristics of
devices of ITO/NPB/6/BCP/Alqs /Mg:Ag/Ag.
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Fig. 9. Relative HOMO/LUMO energy levels of device ITO/NPB/6/BCP/Alqs
IMg:Ag/Ag.

6 (2.48eV) lies between those of BCP (3.20eV) and that of NPB
(2.20eV). There is a barrier of 1.45eV for holes to migrate from
6 to BCP layer. Thus, under the present configuration [ITO/NPB
(30nm)/6 (40 nm)/BCP (10 nm)/Alqz (20nm)/Mg:Ag (10:1, mass
ratio, 150 nm)/Ag (10 nm)], BCP acts as a hole blocker and the
charge recombination is confined to 6 layer. The observations
strongly indicate that the 6 instead of Alqs layer is responsible for
the emission of the green light. These results are in contrast to a
vast number of electroluminescent devices using arylamines as
the hole-transport materials and Alqgs as the electron-transport
material [1,28]. In these devices, light generally emits from the Alqs
layer due in part to the fact that hole mobility in the arylamine layer
is faster than the electron migration in Alqz by a magnitude of a few
orders and holes and electrons recombine in the Alqs layer [8,29].

4. Conclusions

In summary, we have presented the synthesis, characterization
and crystal structure of a novel phenylpyridine derivative prepared
from a solvent-free reaction. Its photoluminescence properties
were studied. It had saturated blue-green emission, moderately
high fluorescence intensity and chemical stability. The HOMO and
LUMO energy levels obtained from electrochemical and UV-vis
spectrum are —5.25 and —2.48 eV, respectively. The electron tran-
sition from the HOMO to the LUMO is accompanied by charge
transfer from the central diethylamino moiety to the phenylpyri-
dine unit. EL device with green emission was fabricated. We can
conclude that the excitons are confined in the 6 layer through
the HOMO and LUMO energy levels of layers for the device
ITO/NPB (30 nm)/6 (40 nm)/BCP (10 nm)/Alq3 (20 nm)/Mg:Ag(10:1,
mass ratio, 150nm)/Ag (10nm). Maximum luminance reached
28,839 cd/m? and the maximum power efficiency was 1.65 Im/W.
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