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ABSTRACT KEYWORDS

We designed and synthesized two diphenylamino-dibenzo(g,p] Organic light-emitting diode;
chrysene derivatives. To investigate EL properties of these blue emit- blue fluorescence;

ting compounds, devices were fabricated as following structure : dibenzochrysene; )
indium-tin-oxide (ITO) (180 nm) / N,N’-di(1-naphthyl)-N,N-diphenyl-(1,1'- Buchwald-Hartwig reaction

biphenyl)—4,4'-diamine (NPB) (50 nm) / 2-methyl-9,10-bis(naphthalen-
2-yl)anthracene (mADN); emitters 1 and 2 (3% doping) (20 nm) /
tris(8-hydroxyquinolinato)aluminum (Alqs) (30 nm) / lithium quinolate
(Lig) (1 nm) / Al (100 nm). Particularly, a device using 3,6-dimethyl-11,14-
bis(diphenylamino)-dibenzo[g,plchrysene as a dopant showed good
EL properties with power, luminous, and external quantum efficiency
of 0.99 Im/W, 2.28 cd/A, and 2.81%, respectively, at 20 mA/cm?. The CIE
coordinates were (0.15,0.12) at 6.0 V.

Introduction

Organic light-emitting diodes (OLEDs) have attracted many attentions due to their poten-
tial applications in full-color display and solid-state lightning. However, compared to
red and green emitters, blue emitters have the poor electroluminescent (EL) perfor-
mances for the practical applications [1]. Due to their excellent photoluminescent (PL)
and EL characteristics, anthracene derivatives have been widely used as emitting mate-
rials in OLEDs [2-3]. However, the most anthracene derivatives have also character-
istic disadvantages of blue emitters and thus need further to be improved their EL
performances.

Thus, many researches have reported the efficient and stable blue light-emitting materials
based on various aromatics besides anthracenes [4-7]. Among those examples, dibenzochry-
sene derivatives are good candidates as blue emitters for OLEDs due to suitable wide band-
gap. Also, they have high thermal stabilities and electrochemical properties due to their rigid
structures [8]. However, few systematic studies have investigated the EL properties of blue-
emitting materials based on dibenzochrysene derivatives.
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Here, we designed and synthesized two diphenylamino-dibenzo[gp]chrysene deriva-
tives; 3,6-dimethyl-11-diphenylamino-dibenzo[gp]chrysene (1) and 3,6-dimethyl-11,14-
bis(diphenylamino)-dibenzo[gp]chrysene (2). These materials (1 and 2) have the twisted
diphenylamino groups around the extended 7 -aromatic surfaces of dibenzochrysene. These
non-planar structures of materials 1 and 2 disrupt intermolecular interaction and reduce self-
aggregation through steric hindrance, and thus would lead to the improved EL performances
OLEDs using them as blue emitters [9-10]. Moreover, the effective electron-donating and thus
hole-transporting ability of diphenylamine moieties would be expected to have the improved
EL properties [5].

Experimental details

Synthesis and characterization

All reactions were performed under nitrogen gas. Solvents were carefully dried and distilled
from appropriate drying agents prior to use. Commercially available reagents were used with-
out further purification unless otherwise stated. '"H NMR were recorded on Bruker Avance
III 500 MHz NMR spectrometer. Low-resolution mass spectra were measured using a Jeol
JMS-AX505WA spectrometer in APCI mode. Elemental analyses (EA) were determined by a
Flash 2000 autoanalyzer.

3,6-Dimethyl-11-diphenylamino-dibenzo[gp]chrysene (1). 11-Bromo-3,6-dimethyl-
dibenzo[gp]chrysene (1.0 mmol) and diphenylamine (1.1 mmol), Pd,(dba); (0.05 mmol),
tri-tert-butylphosphine (1.0 mmol), sodium tert-butoxide (2.0 mmol), toluene (30 ml) were
mixed in a flask. The mixture was refluxed at 120°C for 12 h and then the precipitates in
reaction mixture were filtered off. The resulting solution was extracted with CH,Cl,. The
organic layer was washed with water and dried with anhydrous MgSQO,. After the evaporation
of organic solvents, the crude product was purified by column chromatography using CH,Cl,
and recrystallization from CH,Cl,/Hex. (yield: 45%). 'H-NMR (500 MHz, CDCl;) [§ ppm];
8.65 (s, 1H), 8.55 (d, 3H), 8.47 (s, 2H), 8.36 (d, 2H), 7.57 (m, 3H), 7.43 (t, 2H), 7.32 (t, 6H),
7.09 (m, 4H), 2.65 (s, 6H); APCI-MS (m/z): 524 [MT+1]; caled for CyoHyN: C, 91.74; H,
5.58; N, 2.67. Found: C, 91.53; H, 5.52; N, 2.65.

3,6-Dimethyl-11,14-bis(diphenylamino)-dibenzo[g,p]chrysene (2). 11,14-Dibromo-3,6-
dimethyl-dibenzo[gp]chrysene (1.0 mmol) and diphenylamine (2.2 mmol), Pd,(dba);
(0.08 mmol), tri-tert-butylphosphine (1.0 mmol), sodium tert-butoxide (2.0 mmol), toluene
(30 ml) were used and followed the procedure of the synthesis of (1). (yield: 75%). "H-NMR
(500 MHz, CDCl;) [8 ppm]; 8.50 (s, 2H), 8.45 (d, 2H), 7.90 (m, 2H), 7.41 (d, 2H), 7.31 (dd,
2H), 7.24 (d, 8H), 7.15 (d, 8H), 7.04 (t, 6H), 2.64 (s, 6H); APCI-MS (m/z): 691 [M*++1]; caled
for Cs,HssNy: C, 90.40; H, 5.54; N, 4.05. Found: C, 90.31; H, 5.48; N, 4.01.

Physical measurements

The UV-Vis absorption and PL spectra of the newly designed materials were measured in
dichloromethane (10~> M) using Shimadzu UV-1650PC and Aminco-Bowman series 2 lumi-
nescence spectrometers. The fluorescence quantum yields of the emitting materials were
determined in dichloromethane at 293 K against 9,10-diphenylanthracene (DPA) as a refer-
ence (Pppy = 0.90) [13]. The highest occupied molecular orbital (HOMO) energy levels were
measured with a low-energy photoelectron spectrometer (Riken-Keiki, AC-2). The energy
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band gaps were determined from the intersection of the absorption and PL spectra. The low-
est unoccupied molecular orbital (LUMO) energy levels were calculated by adding the corre-
sponding optical band gap energies from the HOMO energy values.

OLED fabrication and measurements

For fabricating OLEDs, indium-tin-oxide (ITO) thin films coated on glass substrates were
used, which was 30 2/ square of the sheet resistivity, and 180 nm of thickness. The ITO-coated
glass was cleaned in an ultrasonic bath by the following sequence: acetone, methyl alcohol, dis-
tilled water, and stored in isopropyl alcohol for 48 h and dried by a N, gas gun. The substrates
were treated by O, plasma under 2.0 x 10~ torr at 125 W for 2 min. All organic materials and
metals were deposited under high vacuum (5 x 1077 torr). The devices were fabricated in the
following sequence: indium-tin-oxide (ITO) (180 nm) / N,N'-di(1-naphthyl)-N,N'-diphenyl-
(1,1'-biphenyl)-4,4'-diamine (NPB) (50 nm) / 2-methyl-9,10-bis(naphthalen-2-yl)anthracene
(mADN); emitters 1 and 2 (3% doping) (20 nm) / tris(8-hydroxyquinolinato)aluminum
(Algs) (30 nm) / lithium quinolate (Liq) (2 nm) / Al (100 nm), NPB as the hole-transporting
layer, mADN as host in the emitting layer, Alq; as the electron-transporting layer, and Liq:Al
as the composite cathode. The current density (J), luminance (L), luminous efficiency (LE),
power efficiency (PE), external quantum efficiency (EQE), and CIE chromaticity coordinates
of the devices were measured with a Keithley 2400, Chroma meter CS-1000A. Electrolumi-
nance was measured using a Roper Scientific Pro 300i.

Results and discussion

Scheme 1 shows chemical structures and synthetic scheme of materials 1 and 2. Compound
1 and 2 were synthesized by Buchwald-Hartwig reactions between diphenylamine and the
corresponding arylbromide [11] with the moderate yields (45 and 75%).

Br Ph,N
1
Q0 o OO
@, @,
BY Br Ph,N NPh,

Scheme 1. Structures and synthetic routes of compounds (1and 2).(a) Diphenylamine, Pd,(dba);, P(t-Bu);,
NaOt-Bu, toluene, reflux, 120°C, 12 h.
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Figure 1. (a) UV-Vis absorption and PL spectra in CH,Cl, (107> M), and (b) PL spectra in thin film of blue
materials (1and 2).

Figure 1 shows the UV-Vis absorption and PL spectra of materials 1 and 2 both in CH,Cl,
and thin film state. Their photophysical data are listed in Table 1. In the PL spectra in CH,Cl,,
the two compounds show similar maximum wavelengths (A,.x) of 451 and 454 nm, respec-
tively, in the blue region of the visible spectrum. The maximum emission peak (Ay.x) of 2
in thin film states show red-shift to 472 nm, due to the molecular packing effect in thin film
state [12]. Interestingly, compound 1 shows the almost same maximum emission peaks in

Table 1. Photophysical properties of compounds 1and 2.

UV, 2 PLa” FWHM? PLos” HOMO / LUMO® Ed
Compound [nm] [nm] [nm] [nm] [eV] [e%/] [
1 271,322,381 451 57 448 —542/-239 3.03 0.38
2 269, 296, 393 454 55 472 —5.26/—231 2.95 0.27

aCH,Cl, solution (107> M).

b-Measured in the film.

“The HOMO energy level was determined using a low-energy photoelectron spectrometer (Riken-Keiki, AC-2). LUMO =
HOMO + AE.

dE_is the energy band gap estimated from the intersection of the absorption and photoluminescence spectra.

¢Using DPA as a standard; ., = 360 nm (&; = 0.90 in CH,Cl,).
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Compound Highest occupied molecular orbital Lowest unoccupied molecular orbital

Figure 2. Frontier molecular orbitals of compounds 1and 2 by using DFT calculation.

solution and solid-state PL spectra (451 and 448 nm), because of the unexpected weak ten-
dency of self-aggregation in compound 1. In addition, compound 2 exhibits the slightly lower
quantum yield than compound 1 in CH,Cl,, due to the effective intermolecular interaction.

The HOMO levels of the materials were measured by a low-energy photo-electron spec-
trometer (Riken-Keiki AC-2) and the LUMO levels were calculated by adding the correspond-
ing E; from the HOMO values, respectively. The HOMO levels of 1 and 2 are —5.42 and
—5.26 eV and the calculated E,; values for them were and 3.03 and 2.95 eV, respectively. The
LUMO energy levels of them by adding the E, from the HOMO energy levels were —2.39 and
—2.31 eV, respectively.

To study the observed photophysical properties of compounds 1 and 2 at the molecular
level, density functional theory (DFT) calculations of 1 and 2 were carried out by the Becke’s
three parameterized Lee-Yang-Parr (B3LYP) functional with 6-31Gsbasis sets using a suite
of Gaussian programs. Figure 2 represents the optimized geometry and electron clouds of
HOMO and LUMO of 1 and 2. In the electron clouds of HOMOs, electrons are spread diben-
zochrysene core over the diphenylamine units in both of 1 and 2. In contrast, electrons are
spread only dibenzochrysene cores in both of 1 and 2, in the electron clouds of LUMO.

To research the EL performances of them as emitting materials in electronic devices,
devices were fabricated with the following sequence: ITO (180 nm) / NPB (50 nm) / mADN;
emitters 1 and 2 (3% doping) (20 nm) / Alq; (30 nm) / Liq (1 nm) / Al (100 nm), (Devices A
and B). In the Figure 3, there are HOMO/LUMO energy-level diagram of the materials used
in devices A and B. The EL spectra of the devices are shown in Figure 4 and their EL prop-
erties are summarized in Table 2. The trend of the EL spectra of devices A and B is similar
with the PL spectra of compounds 1 and 2, which were used as dopants in the corresponding
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Figure 3. Energy level diagram of the materials used in devices A and B.
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Figure 4. EL spectra of devices A and B.

devices A and B. This suggests that EL spectra of devices A and B were originated from the
singlet excited state of each corresponding dopants 1 and 2. Both devices A and B shows deep
blue emission with A,,,x values of 451 and 453 nm in EL spectra and CIE coordinates of (0.15,

0.11) and (0.15,0.12) at 6.0 V.

Figure 5 illustrates the J-V-L characteristics of devices A and B. Figure 6 shows lumi-
nous efficiency (LE), power efficiency (PE), and external quantum efficiency (EQE) values of
devices A and B, respectively. Especially, device B shows the better EL efficiencies than device

Table 2. EL properties of devices A and B.

)"max ja L2 LE b/c PE b/c EQE b/c
Device [nm] [mA/cm?] [cd/m?] [cd/A] [Im/W] [%] CIE9(x, y)
A 451 4.0 55 1.67/1.65 0.72/0.70 225/223 (0.15, 0.11)
B 453 5.9 122 229/2.28 1.08/0.99 2.82/2.81 (0.15,0.12)

aCurrent density and Luminance at 6.0 V.

b-Maximum values.

<At 20 mA/cm?.

d-Commission Internationale d’Eclairage (CIE) at 6.0 V.
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Figure 5. Current density-Voltage—Luminance (J-V-L) curves of devices A and B.
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Figure 6. (a) Luminous efficiencies and power efficiencies, and (b) external quantum efficiencies as a func-
tion of current density for devices A and B.
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A. As shown in the figure 1(a), the emission spectrum of mADN host of devices A and B is
more effectively overlapped with the absorption spectrum of dopant 2 in device B than that
of dopant 1 in device A. These observations suggest that the Forster energy transfer between
host and dopant is more effective in the emitting layer of device B than device A. The effective
energy transfer would contribute to the improved EL efliciencies of device B in comparison
with device A. Intriguingly, the HOMO energy level of dopant 2 (—5.26 eV) in device B is
higher than that of dopant 1 (—5.42 eV) in device A. Therefore, the direct hole trapping into
dopant in the emitting layer become more effective in device B than device A. Presumably,
the effective direct hole-trapping would play a partial role in the improved EL efficiencies of
device B in comparison with device A.

Conclusion

In this work, we have synthesized blue fluorescent materials 1 and 2 based on dibenzochrysene
emitting core containing diphenylamine groups by Buchwald-Hartwig reactions. Their EL
properties were investigated by fabrication of multilayered OLEDs. Especially, a device using
material 2 as an emitting material exhibited the deep-blue emission with CIE (x, y) coordinates
of (0.15, 0.12) at 6.0 V. This device has the LE, PE, and EQE values of 2.28 cd/A, 0.99 Im/W,
and 2.81% at 20 mA/cm?, respectively. This study shows that dibenzo[g,p]chrysene derivatives
have the excellent properties as the blue emitting materials for OLEDs.
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