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Based on novel phenanthro[9,10-d]imidazole (PI) chromophore, three deep-blue luminescent donor-acceptor
molecules with different molecular configurations at the triphenylamine (TPA) core were designed and syn-
thesized, the linear TPA-1PI, the V-shaped TPA-2PI and the star-shaped TPA-3PI. All three molecules displayed
the hybridized local and charge-transfer (HLCT) excited state character, and highly efficient deep blue emissions
were observed in their solution state, but only those of linear TPA-1PI and V-shaped TPA-2PI molecule were
maintained in the solid state. Meanwhile, the V-shaped TPA-2PI and star-shaped TPA-3PI showed the much
better thermal properties. Thus the molecular configurations of HLCT materials significantly influence their
solid-state, and the V-shaped TPA-2PI molecule was highlighted because of its both deep-blue emission and good
thermal stability. A double-layer device by using TPA-2PI as the emitter showed a highly efficient deep-blue
electroluminescence with a very good CIE coordinate of (0.14, 0.08) and high current efficiency of 2.7 cd
A~!, which suggest that it might be a promising candidate for emission-layer materials for high-performance

deep-blue OLEDs.

1. Introduction

Since the discovery of the multilayer thin-film structures in organic
light-emitting diodes (OLEDs) by Tang et al. [1-8], through the huge
efforts of scientists, OLEDs have been broadly applied commodities such
as in displays and, to some extent, as lighting sources. Compared with
red [9-11] and green [12-14] counterparts with satisfactory perfor-
mance, blue organic emitters, especially the deep-blue organic emitters
have attracted huge research attention as a consequence of their present
day poor colour purity, unbalanced charge injection and transport due
to its wide band gap. Although there were a lot of blue emitters have
been reported, high-performance blue emitters [15-18] with good color
quality and high electroluminescent efficiency (EL) are still urgently
required to be further developed with great attention. Among them,
phenanthro[9,10-d]imidazole (PI) based derivatives have shown the
great potential for high-performance electroluminescent materials

based on their good color purity with narrow FWHM (full width at half
maximum) [19], balanced charge carrier injection/transporting ability
[20], high fluorescent efficiency [21] as well as high exciton utilization
efficiency [22-24], indicating that PI should be a perfect building unit
for designing deep-blue emitters.

In this work, with triphenylamine (TPA) group as the donor part, a
series of newly-designed PI-based deep-blue luminescent donor-
acceptor molecule TPA-1PI, TPA-2PI and TPA-3PI with linear, V-sha-
ped and star-shaped molecular configurations respectively was devel-
oped for blue-emitted electroluminescent materials. In the film state, the
V-shaped TPA-2PI could maintain its deep-blue emission with high
quantum efficiency. The non-doped OLEDs based on TPA-2PI as emitter
layer were fabricated, and finally a highly efficient deep blue electro-
luminescence was obtained with a CIE coordinate of (0.14, 0.08) and an
external quantum efficiency of 2.6%. These results demonstrate that the
V-shaped TPA-2PI molecule might serve as a potential candidate for
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high-performance deep-blue emitters in OLEDs.
2. Experimental

2.1. Materials and measurement

All the reagents and solvents used for the synthesis were purchased
from Aldrich or Acros companies and used as received. All reactions
were performed under a dry nitrogen atmosphere. The 'H NMR spectra
were recorded on AVANCZ 500 spectrometers at 298 K by utilizing
deuterated chloroform (CDCl3) or dimethyl sulphoxide (DMSO) as sol-
vent and tetramethylsilane (TMS) as standard. The compounds were
characterized by Flash EA 1112, CHNS-O elemental analysis instru-
ment. The HRMS (ESI) mass spectra were recorded using a Bruker
micrOTOF-Q II instrument. UV-vis absorption spectra were recorded on
UV-3100 spectrophotometer. Fluorescence measurements were carried
out with RF-5301PC. Thermal gravimetric analysis (TGA) was under-
taken on a PerkinElmer thermal analysis system at a heating rate of 10
°C min~! and a nitrogen flow rate of 80 mL min~!. The differential
scanning calorimeter (DSC) analysis was determined using a NETZSCH
(DSC-204) instrument at 10 °C min~' under nitrogen flushing. Cyclic
voltammetry (CV) were performed with a BAS 100 W Bioanalytical
Systems, using a glass carbon disk (® = 3 mm) as working electrode,
platinum wire as auxiliary electrode with porous ceramic wick, Ag/Ag™"
as reference electrode, standardized for the redox couple ferricinium/
ferrocene. All solutions were purged with nitrogen stream for 10 min
before measurement. The procedure was performed at room tempera-
ture and nitrogen atmosphere was maintained over the solution during
measurements.

2.2. Device fabrication

The EL devices were fabricated by vacuum deposition of the mate-
rials at 10~ Torr onto ITO glass with a sheet resistance of 25 Q square "
All of the organic layers were deposited at a rate of 1.0 A™. The cathode
was deposited of LiF (1 nm) at a deposition rate of 0.1 A7 and then
capping with Al metal (100 nm) through thermal evaporation at a rate of
4.0 AL, The electroluminescent (EL) spectra and Commission Inter-
nationale De L’Eclairage (CIE) coordinations of these devices were
measured by a PR650 spectroscan spectrometer. The luminance-current
and density-voltage characteristics were recorded simultaneously with
the measurement of the EL spectra by combining the spectrometer with
a Keithley model 2400 programmable voltage-current source. All mea-
surements were carried out at room temperature under ambient
conditions.

2.3. Synthesis

2.3.1. 4-(diphenylamino)benzaldehyde (M1)

Triphenylamine (5.0 g, 20.3 mmol) was dissolved in DMF (10 mL).
POCl3 (1.9 mL, 20.3 mmol) was added dropwise to the mixture at 0 °C.
After mixing, the temperature was raised to room temperature, during
which the color of the solution turned red. The reaction mixture was
then heated to 60 °C and stirred for an additional 2 h. The product
mixture was poured into an ice-bath and neutralized with sodium bi-
carbonate. After filtration, the residure was dried over P5;Os in a vacuum
drier, then purified by column chromatography using CH2Cly as the
eluent. Pale yellow solid (5.4 g, 96%). MP: 120 °C. IR data (KBr): 1693,
1592, 1503, 1430, 1392, 1322, 1290, 1217, 1168, 820, 710, 650, 532
cm L. 'H NMR (500 MHz, DMSO) 6 9.77 (s, 1H), 7.72 (d, J = 8.7 Hz,
2H), 7.42 (t, J = 7.8 Hz, 4H), 7.28-7.15 (m, 6H), 6.89 (d, J = 8.7 Hz,
2H). HRMS (ESI) m/z: [M + H]+ calcdfor C19H1¢NO: 274.1217, found
274.1226.

2.3.2. 4,4’-(phenylazanediyl)dibenzaldehyde (M2)
Triphenylamine (5.0 g, 20.3 mmol) was dissolved in DMF (10 mL).
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POCl3 (9.4 mL, 102.0 mmol) was added dropwise to the mixture at 0 °C.
After mixing, the temperature was raised to room temperature, during
which the color of the solution turned red. The reaction mixture was
then heated to 60 °C and stirred for an additional 2 h. The product
mixture was poured into an ice-bath and neutralized with sodium bi-
carbonate. After filtration, the residure was dried over P5Os in a vacuum
drier, then purified by column chromatography using CHCl, as the
eluent. Yellow solid (6.4 g, 90%). MP: 143 °C. IR data (KBr): 1694, 1587,
1505, 1493, 1426, 1392, 1331, 1292, 1217, 1167, 1112, 822, 762, 701
em~ ! 'H NMR (500 MHz, DMSO) & 9.88 (s, 2H), 7.84 (d, J = 8.7 Hz,
4H), 7.47 (t,J = 7.9 Hz, 2H), 7.31 (t,J = 7.4 Hz, 1H), 7.24-7.20 (m, 2H),
7.17 (d, J = 8.6 Hz, 4H). HRMS (ESI) m/z: [M + H]+ calcdfor
Co0H16NO2: 302.1173, found 302.1176.

2.3.3. 4,4',4"-nitrilotribenzaldehyde (M3)

M2 (2.4 g, 8.2 mmol) was dissolved in 8 mL. DMF (8 mL). POCl;3
(10.0 mL, 100.0 mmol) was added dropwise to the mixture at 0 °C. After
mixing, the temperature was raised to room temperature, during which
the color of the solution turned red. The reaction mixture was then
heated to 60 °C and stirred for an additional 2 h. The product mixture
was poured into an ice-bath and neutralized with sodium bicarbonate.
After filtration, the residure was dried over P,0s in a vacuum drier, then
purified by column chromatography using CH»Cl; as the eluent. Yellow
solid (2.1 g, 80%). MP: 245 °C. IR data (KBr):1694, 1589, 1504, 1434,
1392, 1322, 1275, 1217, 1168, 819, 724 cm~L. 'H NMR (500 MHz,
DMSO) 6 9.94 (s, 3H), 7.91 (d, J = 8.5 Hz, 6H), 7.28 (d, J = 8.5 Hz, 6H).
HRMS (ESI) m/z: [M + H]+ caledfor Co1H16NO3: 330.1115, found
330.1125.

2.3.4. N,N-diphenyl-4-(1-phenyl-1H-phenanthro[9,10-d]imidazole-2-yl)
aniline (TPA-1PI)

A mixture of aniline (5.0 mmol, 465 mg), phenanthrenequinone (1.0
mmol, 208.0 mg), intermediate M1 (1.0 mmol, 237.0 mg), ammonium
acetate (4.0 mmol, 308.0 mg), and acetic acid (8 mL) was refluxed under
nitrogen in an oil bath. After 2 h, the mixture was cooled and filtered.
The solid product was washed with an acetic acid/water mixture (15
mlL, 1:1) and water. And then, it was purified by chromatography using
CHCl;, as eluent. white solid (483.0 mg, 90%). MP: 285 °C. IR data
(KBr): 1588, 1516, 1485, 1468, 1453, 1424, 1383, 1330, 1281, 1195,
1076, 1037, 966, 840, 747, 735,720 cm ™ *. 'H NMR (500 MHz, DMSO) &
8.92 (d, J = 7.9 Hz, 1H), 8.87 (d, J = 8.3 Hz, 1H), 8.67 (d, J = 7.9 Hz,
1H), 7.77 (t, J = 7.5 Hz, 1H), 7.70-7.64 (m, 1H), 7.57-7.51 (m, 1H),
7.47 (d, J = 8.8 Hz, 2H), 7.39-7.29 (m, 4H), 7.11 (t, J = 7.4 Hz, 2H),
7.05 (t, J = 7.7 Hz, 4H), 6.83 (d, J = 8.8 Hz, 2H). HRMS (ESI) m/z: [M +
H]+ calcdfor C39HogN3: 538.2278, found 538.2278.

2.3.5. N-phenyl-4-(1-phenyl-1H-phenanthro[9,10-d]imidazole-2-yl)-N-(4-
(1-phenyl-1H-phenanthro[9,10-d]imidazole-2-yl)phenylaniline (TPA-2PI)

A mixture of aniline (10.0 mmol, 930.0 mg), phenanthrenequinone
(2.0 mmol, 516.0 mg), intermediate M2 (1.0 mmol, 301.0 mg), ammo-
nium acetate (8.0 mmol, 616.0 mg), and acetic acid (8.0 mL) was
refluxed under nitrogen in an oil bath. After 2 h, the mixture was cooled
and filtered. The solid product was washed with an acetic acid/water
mixture (15 mL, 1:1) and water. And then, it was purified by chroma-
tography using CH,Cly as eluent. White solid (730.4 mg, 88%). MP: 362
°C. IR data (KBr): 1738, 1597, 1536, 1514, 1494, 1471, 1453, 1382,
1344, 1320, 1286, 1265, 1183, 1073, 1037, 920, 837, 754, 723 cm ™ *. 'H
NMR (500 MHz, DMSO) 6 8.92 (d, J = 8.3 Hz, 2H), 8.87 (d, J = 8.3 Hz,
2H), 8.68 (d, J = 7.9 Hz, 2H), 7.81-7.65 (m, 14H), 7.57-7.52 (m, 2H),
7.51 (d, J = 8.8 Hz, 4H), 7.35 (dt, J = 15.5, 8.1 Hz, 4H), 7.17 (t, J = 7.4
Hz, 1H), 7.06 (t, J = 8.7 Hz, 4H), 6.90 (d, J = 8.8 Hz, 4H). HRMS (ESI)
m/z: [M + H]+ caledfor CgoHy4oNs: 830.3277, found 830.3278.

2.3.6. tris(4-(1-phenyl-1H-phenanthro[9,10-d]imidazole-2-yl)phenyl)
amine (TPA-3PI)
A mixture of aniline (15.0 mmol, 1.4 g), phenanthrenequinone (3.0
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mmol, 624.0 mg), intermediate M3 (1.0 mmol, 330.0 mg), ammonium
acetate (12.0 mmol, 924.0 mg), and acetic acid (8 mL) was refluxed
under nitrogen in an oil bath. After 2 h, the mixture was cooled and
filtered. The solid product was washed with an acetic acid/water
mixture (15 mL, 1:1) and water. And then, it was purified by chroma-
tography using CH,Cly as eluent. White solid (898.0 mg, 80%). MP: 423
°C. IR data (KBr): 1911, 1693, 1594, 1495, 1470, 1379, 1320, 1291,
1218, 1162, 1107, 1038, 935, 920, 836, 754, 723, 698, 670, 615, 533

m~L. 'TH NMR (500 MHz, DMSO) 5 8.91 (d, J = 8.4 Hz, 3H), 8.86 (d, J =
8.4 Hz, 3H), 8.67 (d, J = 7.9 Hz, 3H), 7.80-7.65 (m, 21H), 7.53 (dd, J =
14.2, 8.4 Hz, 9H), 7.32 (t, J = 7.7 Hz, 3H), 7.05 (d, J = 8.0 Hz, 3H), 6.92
(d, J = 8.8 Hz, 6H). HRMS (ESI) m/z: [M + H]+ calcdfor Cg1HsoN7:
1122.4279; Found: 1122.4293.

3. Results and discussion
3.1. Synthesis and characterization

The molecular structures of linear TPA-1PI, V-shaped TPA-2PI and
star-shaped TPA-3PI are shown in Fig. 1, and all three new compounds
were efficiently synthesized in a one-pot multicomponent reaction from
low cost precursors, which is very important for its future commercial
applications. The mixture of aniline, phenanthrenequinone, ammonium
acetate and corresponding aromatic aldehyde were refluxed for 2 h, then
cooled to room temperature and filtered. Their crude products were
purified by chromatography and the yields of all target products were
above 75%. The 'H NMR spectra of TPA-1PI, TPA-2PI and TPA-3PI in
the aromatic range are shown in Fig. 2. The doublets at 8.93, 8.87 and
8.67 ppm together with the triplets at 7.53 and 7.32 ppm correspond to
the proton resonance of the 1-, 8-, 4-, 3-, 6-protons of the phenanthro
[9,10-d]imidazole structure respectively for all the three compounds. All
the peaks observed in the 'H NMR spectra are consistent with their
respective structures.

Q0__
@ POCI/DMF @ @

Dyes and Pigments 180 (2020) 108511

8.5 8.0 7.5
Chemical Shift (ppm)

Fig. 2. 'H NMR spectra of PI derivatives in the aromatic range.

3.2. UV and PL spectra

As shown in Fig. 3, in the solution state, TPA-1PI, TPA-2PI and TPA-
3PI showed the absorption peaks at 360 nm, 376 nm and 378 nm,
respectively. And they all exhibited the deep-blue emission with A« at
420, 424, and 426 nm, respectively. Therefore stoke’s shifts of three
compounds in solution were 60 nm, 48 nm and 48 nm, respectively.
There was no obvious big difference between their photoluminescence
(PL) spectra except for some little spectra shift. In film state, all the PL
emissions from these three molecules showed red shifts but still local-
ized in the blue spectral zone with A, at 438 nm for TPA-1PI, 458 nm
for TPA-2PI, and 489 nm for TPA-3PI, respectively. Compared to those
in solution state, all the three molecules showed the redshift of PL

CHO

OHC CHO
@ @ POClz

@ Elioae!
OHC CHO
M3

J

TPA-1PI TPA-2PI

TPA-3P1

Fig. 1. The synthetic route and molecular structures of linear TPA-1PI, V-shaped TPA-2PI and star-shaped TPA-3PIL.
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UV and PL spectrum
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Fig. 3. The normalized UV and PL spectra of linear TPA-1PI, V-shaped TPA-2PI
and star-shaped TPA-3PI in solution (107° mol L’l, chloroform) and film state.

spectra in solid state. This might be ascribed to the aggregated-state
intermolecular n-n stack due to the existence of large n-conjugated
plane of PI unit in their molecular structure. The redshift of PL spectra in
star-shaped TPA-3PI was much larger than those of linear TPA-1PI and
V-shaped TPA-2PI. This indicated that their molecular configurations
should induce the different aggregated-state structures, which resulted
in different redshifts of PL spectra in solid state. It was obvious that the
spectra of TPA-1PI and TPA-2PI belong to the deep-blue emission while

T T T T T T
TPA-1PI solvatochromism
={J= triethylamine J
== butyl ether -
=== ethyl acetate ]
=== tetrahydrofuran _|
=== acetone ]
== acetonitrile

TPA-2PI solvatochromism
=~ hexane T
== butyl ether
== ether

ethyl acetate
=—O== acetone ]
=/ dimethyl formamide
=== acetonitrile

TPA-3PI solvatochromism
== butyl ether

—/= ether -
=== ethyl acetate |
=== acetone ]
=== dimethyl formamide
=== acetonitrile

Normalized Intensity (a.u.)

400 450 500 | 550
Wavelength (nm)

Fig. 4. PL spectra of linear TPA-1PI, V-shaped TPA-2PI and star-shaped TPA-
3PI, measured in different solvents with increasing polarity.
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that of TPA-3PI should be attributed to the sky-blue emission. From this
point, only TPA-1PI and TPA-2PI could serve as the deep-blue electro-
luminescent emitters.

The fluorescence quantum yields (&) were determined to be as high
as 0.65 for TPA-1PI, 0.75 for TPA-2PI and 0.85 for TPA-3PI in THF so-
lution by using quinine sulphate in 1 M sulphuric acid as a standard, and
0.30 for TPA-1PI, 0.40 for TPA-2PI and 0.40 for TPA-3PI in the solid
state by using an integrating sphere photometer. Compared to the high
@ values in solution state, those of TPA-1PI, TPA-2PI and TPA-3PI in
film state were relatively lower. This might be asscribed to the
quenching effect of intermolecular zn-n stack in solid state, which were
consistent with those results of redshifted PL spectra from solution to
solid state.

3.3. Solvatochromic properties

Solvatochromism experiments were carried out to further study their
excited state properties for the three PI-based molecules, as shown in
Fig. 4. In low-polarity butyl ether, TPA-1PI, TPA-2PI and TPA-3PI
exhibited split peaks emission with Ay at 405 nm, 415 nm and 419
nm, respectively, which indicated that all of them possessed the LE-state
characteristic. As for high-polarity acetonitrile, the fluorescence spectra
of these three PI-based molecules broadened and exhibited singlet peak
emission with Apax at 427 nm, 439 nm and 440 nm, respectively which
possessed the CT-state characteristic. Along with this process when the
solvent polarity was increased gradually from low polarity to high po-
larity, these three PI-based molecules exhibited a similar redshift of
about 20 nm (22 nm for TPA-1PI, 25 nm for TPA-2PI and 21 nm for TPA-
3PI). In these molecules, they could possess the hybridized local and
charge-transfer (HLCT) excited state [25-28], in which the LE state had
a bigger contribution due to the smaller solatochromic spectra shift and
the obvious split peaks in most solvents. These three PI-based molecules
presented a similar change in solvatochromism experiments and it
indicated they possessed the similar HLCT character at the lowest
excited state in which LE state had bigger contribution.

3
>
Y
[~
.
-
K]

&

TPA-2PI

________ i________:’___________
| »
-8

TPA-3PI | g
i ) :’4’ ' 4

Fig. 5. The frontier molecular orbitals (HOMO and LUMO) in the ground state
of linear TPA-1PI, V-shaped TPA-2PI and star-shaped TPA-3PIL
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3.4. DFT calculation

Density functional theory (DFT) calculations of frontier molecular
orbitals by CAM-B3LYP method were also studied to investigate the
electronic transition character in the three molecules. In spite of
different molecular configurations in the linear TPA-1PI, V-shaped TPA-
2PI and star-shaped TPA-3PI, these three PI-based molecules possessed
similar frontier molecular orbital as shown in Fig. 5, and both the
highest occupied molecular orbital (HOMO) and lowest unoccupied
molecular orbital (LUMO) delocalized over the whole molecule, instead
of being fully separated (or localized partially). In this case, HOMO —
LUMO should not be treated as a pure-CT transition, but a HLCT state
with mainly LE transition. These DFT analyses further proved that the
different molecular configurations of these three PI-based molecules had
little effect on their single-molecule excited state properties. The
different redshifts of PL spectra (in Fig. 3) from solution to solid state of
these three PI-based molecules should be ascribed to different
aggregated-state structures induced by their different molecular
configurations.

3.5. Electrochemical properties

The electrochemical properties of TPA-1PI, TPA-2PI and TPA-3PI
were characterized by cyclic voltammetry (CV) method as shown in
Fig. 6. CV curves of the three molecules exhibited one reversible redox
peak at the positive potential range, all of which were similar to that of
TPA. The same onset oxidative potential of 0.55 V was obtained for all
three molecules, giving a HOMO level of —5.18 eV for TPA-1PI, TPA-2PI
and TPA-3PI by comparison to ferrocene. Compared to that of PI (HOMO
level of —5.53 eV) [20], the HOMO levels of TPA-1PI, TPA-2PI and
TPA-3PI were obviously higher, indicating enhanced hole injection
ability, which should be asscribed to the importance of the TPA donor
group with lower ionization energy!?"!. The CV analysis also gave the
LUMO levels of —2.12, —2.16, and —2.19 eV for TPA-1PI, TPA-2PI and
TPA-3PI respectively, which were close to that of PI (LUMO level of
—2.15 eV). The CV analysis of HOMO and LUMO energy levels in linear
TPA-1PI, V-shaped TPA-2PI and star-shaped TPA-3PI reflected the
import of TPA group into molecular structure really improved hole
carrier injection ability in these three materials without influencing the
injection ability of electron carrier.

3.6. Thermal properties

All three PI-based derivatives showed high thermal stabilities. As

——PPI
—o— TPA-1PI
—— TPA-2PI
—— TPA-3PI
TPA

—
S

52 a6 i
Potential (V vs. Ag/Ag’)

.
|

Current

Fig. 6. The electrochemistry curves of linear TPA-1PI, V-shaped TPA-2PI and
star-shaped TPA-3PI with those of PI under negative potential and TPA under
positive potential as reference.
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Fig. 7. The measured thermal curves of differential scanning calorimeter (DSC,

left) and thermal gravimetric analyzer (TGA, right) for linear TPA-1PI, V-sha-
ped TPA-2PI and star-shaped TPA-3PL

shown in Fig. 7, the temperatures for 5% weight loss were estimated to
be 430 °C, 515 °C and 550 °C for TPA-1PI, TPA-2PI and TPA-3PI,
respectively, which were much higher than that of PI (340 °C). More
importantly, TPA-2PI and TPA-3PI could form amorphous films with
very high glass transition temperature (Tg) of 185 °C and 228 °C,
respectively, which were distinctly higher than that of PI (62 °C). Such
high T, values implicated that they could form morphologically stable
amorphous films upon thermal evaporation, which was highly impor-
tant for application in OLEDs. While TPA-1PI showed the obviously
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Fig. 8. a) The current density-voltage-luminance curves (inset graph was the

EL spectra of the device) and b) current efficiency versus current density curves
of device based on TPA-2PI.
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repeated melting and crystalization peaks during the whole heating and
cooling program, which indicated that TPA-1PI tended to form as
crystalline state in solid. These results also demonstrated that the
different molecular configurations of TPA-1PI, TPA-2PI and TPA-3PI
brought the different aggregation-state structures and associated
properties.

3.7. Device performance

Considering the sky-blue emission of TPA-3PI in the film state and
the thermal properties of TPA-1PI, the non-doped electroluminescent
devices based on TPA-2PI (deep blue emission in film and highly thermal
stability) as emitters were fabricated in order to obtain the highly effi-
cient deep blue electroluminescence which was more desirable and
significative for the current organic light emitting diode applications.
The device configurations of ITO/PEDOT:PSS (40 nm)/TPA-2PI (30
nm)/TPBi (50 nm)/LiF/Al was fabricated, in which TPBi was utilized as
the hole-blocking and electron-transporting layer. The results in Fig. 8
showed that this device displayed a deep blue electroluminescence with
Amax at 458 nm, which was consistent with the previous PL spectra of
TPA-2PI in the solid state. The obtained deep blue electroluminescence
of TPA-2PI based device corresponded to a CIE coordinate of (0.14,
0.08), which matched well with the blue standards (0.14, 0.08) of the
National Television Standards Committee (NTSC). As for the perfor-
mance, the device based on TPA-2PI as emitter also exhibited a
maximum luminance of 11,309 cd m~2, a maximum current efficiency of
2.7 cd A™! and a maximum power efficiency of 2.0 1 m W™}, equivalent
to an external quantum efficiency (EQE) of 2.6%. These results indicated
TPA-2PI to potentially serve as a highly efficient deep blue emitter in
OLEDs with excellent color purity.

4. Conclusion

In summary, with a triphenylamine (TPA) group as the donor part
and phenanthro[9,10-d]imidazole (PI) blocks as the acceptor part, a
series of newly-designed deep-blue luminescent D-A molecules TPA-1PI,
TPA-2PI and TPA-3PI with linear, V-shaped and star-shaped molecular
configurations respectively were developed for blue-emitting electro-
luminescent materials. Experimental measurement and theoretical
calculation indicated that all these materials displayed HLCT character
and exhibited similar photophysical properties in single molecule but
different ones in solid state which was aroused by their different mo-
lecular configurations. After a systematic comparison of these three
molecules, TPA-2PI can act as a high-performance emitter out of
comprehensive consideration of deep-blue emission, high fluorescence
efficiency and good thermal stability. The non-doped OLED based on
TPA-2PI as emitter was fabricated, and a highly efficient deep-blue
electroluminescence was obtained with a CIE coordinate of (0.14,
0.08) and an EQE of 2.6%. These results demonstrate that the V-shaped
TPA-2PI molecule might serve as a potential candidate for high-
performance deep-blue emitters in OLEDs. The device with a simple
structure shows good device performance, rendering the prospect of this
material in the actual applications. This work also demonstrates a
strategy of chemical structure modification to improve material
properties.
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