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Abstract：Organic violet-blue luminescent materials have exhibited great potential in full-color displaying and light‑
ing fields. However，it is a huge challenge to develop efficient violet-blue emitters because of the inherently wide energy
gap. In this work，two violet-blue emitters with donor（D）-π-acceptor（A）type using 10H-phenothiazine 5，5-dioxide
（2OPTZ）as a weak acceptor and N-（2-naphthyl）aniline（PNA）as the donor，namely 2OPTZ-PNA and 2OPTZ-BP-

PNA，were designed and synthesized. By extending π -conjugation length between donor and acceptor，local excited
states and charge transfer excited states were adjusted，and absolute photoluminescence quantum yields（PLQYs）values
in the evaporated film increased from 14% to 33%. Notably，non-doped device based 2OPTZ-BP-PNA exhibits violet-
blue light at 436 nm with a narrow full width at half-maximum（FWHM）of 54 nm，Commission Internationale de l’
Eclairage（CIE）coordinates of（0. 155，0. 046）and external quantum efficiency（EQE）of 4. 1%. Given this，our re‑
sults provide an efficient design strategy for the high-quality violet-blue luminescent materials.
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发高效的紫蓝色材料是一项巨大的挑战。本文利用 10H‑吩噻嗪 5，5‑二氧化物（2OPTZ）作为弱受体、N‑苯基‑2‑
萘胺（PNA）作为供体，设计合成了两个具有 D‑π‑A型结构的紫蓝色材料，命名为 2OPTZ‑PNA和 2OPTZ‑BP‑
PNA。通过延长给受体之间的 π共轭长度，使局域态和电荷转移态被优化，并且薄膜中的绝对量子产率从 14%
提高到 33%。此外，利用 2OPTZ‑BP‑PNA制备的非掺杂器件呈现紫蓝光（436 nm）发射，半峰全宽为 54 nm，色

坐标为（0.155，0.046），外量子效率为 4.1%。鉴于此，本文提供了一种制备高质量紫蓝发光材料的有效策略。

关 键 词：有机发光二极管；紫蓝色；二氧化吩噻嗪；D-π-A结构；π共轭长度

1 Introduction
Organic light-emitting diodes（OLEDs）play an

essential role in full-color flat-panel displaying and
lighting fields due to high color contrast, low driving
voltages, fast response and environmental friendli‑
ness[1-6]. High-efficiency violet-blue emitters are sig‑
nificant to OLEDs because they can not only be em‑
ployed as energy donors to generate light covering
the entire visible light region，but also reduce power
consumption[7-10]. In addition, the violet-blue light-
emitting materials are also widely used in photother‑
apy[11], biological and chemical sensing[12 -13], high-

density information storage[14], sterilization and so
on[15]. Therefore, developing high-performance violet-
blue light-emitting materials is an integral part of the
OLEDs technology field[16-19].

In principle, excellent violet-blue emitters re‑
quire wide optical band gaps, rigid planar structures,
conjugated backbones, and the ability to balance
electron and hole transport[20-23]. Recently, violet-
blue emitters with D-π -A structure were reported by
using weak electron donors and acceptors[24-26]. On
this basis, reasonable regulation of the intramolecu‑
lar charge transfer（ICT）state is the key to achieve
violet-blue emitter, which satisfies the color stan‑
dards of violet-blue light with CIE coordinates（x, y）=
（0. 131, 0. 046）, defined by the ITU-R Recommen‑
dation BT. 2020[27-29].

It is known that phenothiazine has excellent
electron donating ability and was widely used in the
D-π -A system for high-performance electrolumines‑
cent materials[30-31]. Interestingly, 10H-phenothiazine
5,5-dioxide exhibits weaker electron-donating ability
than phenothiazine and is widely used to construct
room temperature phosphorescent materials[32-33]. In

2021, Prof. Rout et al. reported the influence of the
oxidation state of the sulfur atom in phenothiazine on
the photophysical and electrochemical properties of
the compound. The results show that the oxygen-

functionalized molecular structure is more rigid, the
absorption and emission spectra are blue-shifted,
and the highest occupied molecular orbital（HOMO）
energy level is deeper[34]. In addition, it is also veri‑
fied that the oxidized oxygen-functionalized mole‑
cules possess better thermal stabilities and signifi‑
cantly lower the lowest unoccupied molecular orbital
（LUMO）energy levels, which endows better electron-

injection and transport abilities[35]. In 2016, Prof.
Ma and his co-workers designed and synthesized a
series of triphenylamine-phenirimidazole derivatives.
By gradually adding phenyls along with horizontal
and vertical directions, respectively, the appropriate
composition between the locally-excited（LE） state
and the charge-transfer（CT）state components were
adjusted and controlled, thereby effective electrolu‑
minescence（EL）efficiency was achieved[36-37].

In this work, we designed and synthesized two
new D-π-A-typed violet-blue fluorescent emitters us‑
ing 10H-phenothiazine 5, 5-dioxide（2OPTZ）as the
weaken acceptor and N-（2-naphthyl）aniline（PNA）
as the donor, namely 2OPTZ-PNA and 2OPTZ-BP-

PNA. By extending the length of the π-bridge between
the donor and acceptor, the local excited and charge
transfer states were optimized, and their absolute
PLQYs values increased from 14% to 33%. Non-

doped devices of 2OPTZ-PNA and 2OPTZ-BP-PNA
exhibited violet-blue emission with the CIE coordi‑
nates of（0. 164, 0. 060）and（0. 155, 0. 046）, respec‑
tively, maximum external quantum efficiency（EQE）of
1. 5% and 4. 1%, respectively, which indicated the
excellent application prospect of 10H-phenothiazine
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5,5-dioxide in the violet-blue OLED materials.
2 Experiment
2. 1 Synthesis

The synthetic routes of 2OPTZ-PNA and 2OPTZ-

BP-PNA are shown in Fig. 1, and the intermediates
and target products were prepared by palladium-cat‑
alyzed Ullmann reaction and then purified by silica
gel column chromatography[38-40]. Their precise struc‑
tures were characterized by 1H-NMR spectra, 13C-

NMR spectra and high-resolution mass spectrometry
（Fig. S1-S3）.
2. 1. 1 2OPTZ-PNA

Synthesis of 1a. The materials of 10H-pheno‑
thiazine（1. 99 g, 10 mmol）, 1-bromo-4-iodobenzene
（5. 66 g, 20 mmol）, tri-tert-butylphosphine tetrafluo‑
roborate（0. 17 g, 0. 60 mmol）, sodium tert-butoxide
（1. 92 g, 20 mmol）, tris（dibenzylideneacetone）di‑
palladium（0. 28 g, 0. 30 mmol）were dissolved in
toluene（50 mL）. The mixture solution was heated
to 110 ℃ and reacted for 8 h. When the reaction

was completed, the reaction solution was extracted,
dried and subjected to column chromatography to ob‑
tain a white solid（2. 15 g, yield 61%）. 1H NMR
（600 MHz, chloroform-d）: δ =8. 17（dt, J=8. 0, 1. 7
Hz, 2H）, 7. 85-7. 83（m, 2H）, 7. 41（ddd, J=8. 7,
7. 2, 1. 6 Hz, 2H）, 7. 30-7. 26（m, 4H）, 6. 62（dd, J=
8. 7, 0. 9 Hz, 2H）.

Synthesis of 2a. The intermediate of 1a（1. 20
g, 3. 40 mmol） was dissolved in 40 mL dichloro‑
methane and stirred. Glacial acetic acid（20 mL）
and aqueous hydrogen peroxide solution（8 mL, 30%）
were added to the reaction mixture, and then the mix‑
ture was heated to 70 ℃ for 8 h. When the reaction
was over, the reaction solution was extracted, dried
and column chromatography to give a white solid
（1. 18 g, yield 90%）. 1H NMR（600 MHz, chloro‑
form-d）δ 8. 18（d, J=1. 8 Hz, 1H）, 8. 16（d, J=1. 6
Hz, 1H）, 7. 84（d, J=2. 0 Hz, 1H）, 7. 83（d, J=2. 1
Hz, 1H）, 7. 41（ddd, J=8. 8, 7. 2, 1. 6 Hz, 2H）, 7. 29
（d, J=2. 1 Hz, 1H）, 7. 28-7. 26（m, 3H）, 6. 63（s,
1H）, 6. 61（s, 1H）.

Synthesis of 2OPTZ-PNA. The intermediate of
2a（1. 16 g, 3. 00 mmol）, N-phenylnaphthalen-2-

amine（0. 72 g, 3. 30 mmol）, tri-tert-butylphosphine
tetrafluoroborate（0. 06 g, 0. 2 mmol）, sodium tert-
butoxide（0. 63 g, 6. 6 mmol）were dissolved in tolu‑
ene（50 mL）and the catalyst of tris（dibenzylidene‑
acetone）dipalladium（0. 09 g, 0. 1 mmol）was added.
The mixture solution was reacted at 110 ℃ for 8 h.

When the reaction was over, the reaction solution
was extracted, dried and column chromatography to
give a white solid（1. 02 g, yield 65%）. 1H NMR
（600 MHz, chloroform-d）: δ =8. 18（d, J=1. 6 Hz,
1H）, 8. 16（d, J=1. 6 Hz, 1H）, 7. 84（d, J=8. 8 Hz,
1H）, 7. 82（d, J=7. 9 Hz, 1H）, 7. 70（d, J=8. 0 Hz,
1H）, 7. 61（d, J= 2. 3 Hz, 1H）, 7. 49-7. 45（m,
3H）, 7. 45-7. 41（m, 2H）, 7. 41-7. 36（m, 3H）,

（2b） 89%（1b） 56%

2OPTZ‑PNA 65%（2a） 90%
（1a） 61%
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Fig.1 Chemical structures and synthetic routes of 2OPTZ-PNA and 2OPTZ-BP-PNA
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7. 34-7. 31（m, 2H）, 7. 29（dd, J=8. 6, 1. 1 Hz,
2H）, 7. 27-7. 25（dd, J=15. 0, 0. 9 Hz, 1H）, 7. 20-
7. 16（m, 3H）, 6. 82（d, J=8. 3 Hz, 2H）. 13C NMR
（101 MHz, chloroform-d）: δ=148. 9, 147. 0, 144. 5,
141. 1, 134. 4, 132. 8, 131. 5, 131. 0, 130. 8, 129. 8,
129. 6, 127. 7, 127. 2, 126. 6, 125. 7, 125. 3, 125. 0,
124. 5, 123. 5, 123. 4, 122. 6, 122. 4, 122. 0, 117. 4.
HRMS（FAB/magnetic sector）m/z: [M] + calcd for
C34H24N2O2S 524. 63; found 524. 53.
2. 1. 2 2OPTZ‑BP‑PNA

Synthesis of 1b. It was prepared using a similar
procedure to 1a. The obtained product was a white
powder（2. 41 g, yield 56%）. 1H NMR（600 MHz,
chloroform-d）: δ =7. 76（s, 2H）, 7. 63-7. 59（m,
2H）, 7. 55-7. 52（m, 2H）, 7. 45（d, J=8. 4 Hz, 2H）,
7. 05（dd, J=7. 5, 1. 6 Hz, 2H）, 6. 95-6. 75（m,
4H）, 6. 32（d, J=8. 2 Hz, 2H）.

Synthesis of 2b. It was prepared using a similar
procedure to 2a. The obtained product was a white
powder（1. 41 g, yield 89%）. 1H NMR（600 MHz,
chloroform-d）δ 8. 19（dd, J=1. 6, 0. 5 Hz, 1H）, 8. 18
（dd, J=1. 7, 0. 5 Hz, 1H）, 7. 89-7. 87（m, 1H）, 7. 87
（d, J=2. 1 Hz, 1H）, 7. 67-7. 64（m, 2H）, 7. 58-7. 56
（m, 2H）, 7. 47（d, J=1. 7 Hz, 1H）, 7. 46（d, J=2. 1
Hz, 1H）, 7. 41（ddd, J=8. 7, 7. 1, 1. 6 Hz, 2H）, 7. 28-
7. 26（m, 2H）, 6. 71（d, J=8. 7 Hz, 2H）.

Synthesis of 2OPTZ-BP-PNA. It was prepared
using a similar procedure to 2OPTZ-PNA. The re‑
sulting product is a white powder（1. 10 g, yield
61%）. 1H NMR（600 MHz, DMSO-d6）: δ=8. 10（d,
J=1. 6 Hz, 1H）, 8. 09（d, J=1. 6 Hz, 1H）, 8. 04（d,
J=8. 5 Hz, 2H）, 7. 91（d, J=8. 9 Hz, 1H）, 7. 87（d, J=
6. 8 Hz, 1H）, 7. 79（d, J=8. 7 Hz, 2H）, 7. 76（d, J=
8. 3 Hz, 1H）, 7. 60（ddd, J=8. 8, 7. 2, 1. 7 Hz, 2H）,
7. 57（d, J=8. 5 Hz, 2H）, 7. 53（d, J=2. 3 Hz, 1H）,
7. 47-7. 41（m, 2H）, 7. 40-7. 35（m, 4H）, 7. 30
（dd, J=8. 8, 2. 3 Hz, 1H）, 7. 17（s, 1H）, 7. 17-7. 15
（m, 3H）, 7. 14（d, J=7. 4 Hz, 1H）, 6. 72（d, J=9. 1
Hz, 2H）. 13C NMR（101 MHz, Chloroform-d）: δ =
146. 5, 146. 5, 144. 1, 143. 2, 139. 3, 138. 7, 133. 4,
133. 0, 130. 0, 129. 2, 128. 4, 128. 0, 127. 8, 126. 8,
126. 6, 126. 0, 125. 8, 125. 7, 125. 3, 123. 7, 123. 7,
123. 6, 123. 0, 122. 3, 121. 5, 119. 8, 119. 3, 115. 2.
HRMS（FAB/magnetic sector） m/z: [M] + calcd for

C40H28N2O2S 600. 18; found 600. 10.
2. 2 Fabrication of OLEDs

The non-doped and doped OLEDs were fabri‑
cated by vacuum deposition. The glass substrates
were cleaned with deionized water, acetone and etha‑
nol. The electroluminescence（EL）spectra and CIE
coordinates were measured by PR-655 spectropho‑
tometer. The current density-voltage-luminance（J⁃V⁃
L）characteristics were tested with the equipment of
Keithley 2400 Source Meter and ST-900M Spot
Brightness Meter. The characterization of devices
was recorded at room temperature.
2. 3 Characterizations

The Switzerland Bruker DR × 600 was used to
measure the 1H NMR and 13C NMR spectra. Finni‑
gan 4021C gas chromatography（GC）-mass spectrom‑
etry（MS） instrument was used to characterize mass
spectra. Gaussian 09 program package with the
B3LYP/6-31g（d）method was used to study theo‑
retical calculations. The Lambda Bio 40, HORIBA
FluoroMax-4 spectrophotometer and Edinburgh FLS
980 spectrometer were used to study the photophysi‑
cal properties. Netzsch TG 209F3 and DSC Q2000
were used to investigate the TGA and DSC curves.
CHI 660E electrochemical workstation was used to
study cyclic voltammetry.
3 Results and Discussion
3. 1 Theoretical Calculation

To further understand the relationship between
the electronic structure and photophysical properties
of 2OPTZ-PNA and 2OPTZ-BP-PNA, density func‑
tional theory（DFT） calculations were performed.
The optimized molecular structures and the density
state distributions of the LUMOs and the HOMOs
were plotted in Fig. 2. From the optimized ground
geometry, the dihedral angles of benzene ring and
adjacent benzene ring, naphthalene group and ben‑
zene ring, phenothiazine oxide group and benzene
ring of 2OPTZ-PNA were 68. 13°, 66. 82° and 86. 25°.
When the π -bridge length was extended to the biphenyl
group, the corresponding dihedral angles became
68. 94° , 67. 25° and 87. 16° , at the same time dihe‑
dral angle between the benzene rings on the biphenyl
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group was 35. 97° . It indicated that the elongation
of π -conjugation did not change the twisted molecu‑
lar configuration.

The HOMO of 2OPTZ-PNA was mainly distrib‑
uted on the N-（2-naphthyl）aniline and the adjacent
benzene ring, and its LUMO was mainly localized
over the naphthylamine and adjacent benzene ring.
By contrast, the HOMO distribution of 2OPTZ-BP-

PNA was mainly on the N-（2-naphthyl）aniline and
the biphenyl groups, and its LUMO was mainly lo‑
calized over the naphthalene groups and adjacent

biphenyl groups. In addition, it was found that both
compounds had a significant degree of orbital over‑
lap and separation between HOMO and LUMO,
which may be led to a hybrid LE state and CT state.
Furthermore, theoretically calculated band gaps of
2OPTZ-PNA and 2OPTZ-BP-PNA were 4. 03 eV
and 3. 81 eV, respectively, guaranteeing emission in
the violet-blue region. Fig. 2（c）showed that promi‑
nent CT states were found, and 2OPTZ-BP-PNA had
stronger oscillator strength（f=0. 036 1）which is fa‑
vorable to achieve higher PLQY.

3. 2 Single⁃crystal Structure
Single crystal of 2OPTZ-PNA was obtained

through slow diffusion of methyl alcohol into methy‑
lene dichloride. The crystal system of 2OPTZ-PNA
was monoclinic, the space group was P21/c, and

there were four molecules in one unit cell（Tab.
S1）. As shown in Fig. 3（a）, the twisted dihedral
angle between the benzene ring and the central benzene
ring, the naphthalene group and central benzene
ring, the phenothiazine oxide group and central benzene

（a） （b） （c）
Structure

2OPTZ‑PNA

2OPTZ‑BP‑PNA
-5.14 eV

-5.35 eV -1.32 eV

4.03 eV

3.81 eV

-1.33 eV

FMO
HOMO LUMO

NTO
Hole Particle

f=0.027 6

f=0.036 1

S0 S1

Fig.2 （a）The geometries and structural formulas of 2OPTZ-PNA and 2OPTZ-BP-PNA.（b）Spatial distribution of the HOMOs
and LUMOs of 2OPTZ-PNA and 2OPTZ-BP-PNA.（c）The S0→S1 natural transition orbit（NTO） of 2OPTZ-PNA and
2OPTZ-BP-PNA.
（a） （b）

Fig.3 Inter-molecular interactions（a）and molecular packing structure（b）of the 2OPTZ-PNA crystal
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ring of 2OPTZ-PNA are 76. 17° , 57. 65° and 80. 83° ,
which is a small difference from the dihedral angle
from theoretical calculations. There is strong inter‑
molecular interaction of π -π stacking（0. 336 6 nm
and 0. 338 0 nm） between phenothiazine oxide
groups in adjacent molecules. Moreover, typical
C—H···O hydrogen bonds（0. 264 9 nm）between
the oxygen atom and the central benzene groups
were found. It indicated that more planar molecular
structure in the single crystal resulted from the stron‑
ger π - π stacking and hydrogen bonds. Fig. 3（b）
showed that the molecular stacking owned the head-

to-head arrangements.
3. 3 Photophysical Properties

Photophysical properties of 2OPTZ-PNA and
2OPTZ-BP-PNA were measured in 10-5 mol/L tolu‑
ene solution（Fig. 4（a））and vacuum-deposited neat
films（Fig. 4（b））. From the absorption spectra in
the toluene solution, absorption bands of both com‑
pounds between 300 nm and 340 nm were assigned

as π -π* transition[41-42] and the long-wavelength ab‑
sorption peaks between 370 nm and 400 nm, respec‑
tively, were attributed to the intramolecular charge
transfer state. Photoluminescence（PL）emission peaks
in toluene solution of 2OPTZ-PNA and 2OPTZ-BP-

PNA were located at 391/500 nm and 402 nm, re‑
spectively. In the neat films, PL emission peaks of
2OPTZ-PNA and 2OPTZ-BP-PNA were at 411 nm
and 429 nm belong to the violet-blue light, respec‑
tively, which had a red-shift of about 20 nm and 27
nm owing to the aggregate state. By comparison,
2OPTZ-BP-PNA had an obvious red shift than
2OPTZ-PNA because of the change of electronic
structure by the extended π-bridge. Additionally, the
absolute PLQY values（14% and 33%）and their life‑
time（3. 20 ns and 2. 47 ns, Fig. S4）of 2OPZT-PNA
and 2OPTZ-BP-PNA were obtained in the neat films.
It indicated that the expansion of π -bridge could ef‑
fectively enhance the PLQY values by adjusting the
CT state that has stronger oscillator strength.

In order to further investigate the photophysical
properties, we measured the UV-Vis absorption spec‑
tra（Fig. S5）, PL spectra and time-dependent fluo‑
rescence spectroscopy（Fig. 5）of 2OPTZ-PNA and
2OPTZ-BP-PNA in different polar solvents. UV ab‑
sorption bands of both compounds had no significant
changes in the different solvents, indicating that
their electron transition in the absorption process
was similar. However, PL emission of 2OPTZ-PNA
and 2OPTZ-BP-PNA exhibited a remarkable solvato‑
chromic effect. As shown in Fig. 5（a）, emission
peaks of 2OPTZ -PNA showed obvious red -shift

from low-polarity n-hexane to high-polarity dimethyl
sulfoxide（DMSO） and extra PL emission band
presented at the long-wavelength region. It could be
explained as that HOMO and LUMO of 2OPTZ-PNA
were located at triarylamine groups leading to the
hybrid emission from the locally excited states（LE）
state and CT state. However, the emission peak of
2OPTZ-BP-PNA exhibited a red shift of 50 nm in
the different solvents, which was attributed to the
obvious CT characteristics. We used the Lippert-
Mataga model[43] to estimate the excited state dipole
moments with increasing the solvent polarities. Both
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Fig.4 The UV-Vis absorption spectra and PL spectra of 2OPTZ-PNA and 2OPTZ-BP-PNA in toluene solution（10−5 mol/L）（a）
and in the neat film（b）
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compounds exhibited a linear relationship（Fig. S6）
and their excited dipole moment（μe） values of
2OPTZ-PNA and 2OPTZ-BP-PNA were 18. 79 D
and 22. 06 D, respectively. In addition, PL decay
lifetime of 2OPTZ-PNA in different solvents ranged
from 1. 30 ns to 2. 32 ns, while 2OPTZ-BP-PNA had
a longer lifetime from 2. 32 ns to 3. 33 ns. The
above results testified that the extension of π -bridge
could optimize the intramolecular charge transfer
（ICT）states.
3. 4 Thermal and Electrochemical Properties

Thermal properties of 2OPTZ-PNA and 2OPTZ-

BP-PNA were investigated by thermalgravimetric

analysis（TGA）and differential scanning calorime‑
try（DSC）under nitrogen atmosphere（Fig. 6（a）and
Tab. 1）. It showed that 2OPTZ-PNA and 2OPTZ-

BP-PNA possessed good thermal and morphological
stabilities with the high decomposition temperatures
（Td, corresponding to 5% weight loss）of 370/447 ℃
and glass-transition temperatures（Tg）of 106/134 ℃,
respectively. It indicated that both compounds were
suitable to fabricate the stable OLEDs by vacuum
thermal evaporation. It was worth mentioning that
2OPTZ-BP-PNA had more excellent thermal stabili‑
ty owing to the rigidly molecular structure by the ex‑
tended π-bridge length.
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Electrochemical properties of 2OPTZ-PNA and
2OPTZ-BP-PNA were evaluated by cyclic voltamme‑
try（CV） curves（Fig. 6（b））, which were used to
calculate the HOMO and LUMO energy levels. Ac‑
cording to the formula of EHOMO=-4. 8-e（Ecox-Efox）,
the HOMO energy levels of 2OPTZ-PNA and 2OPTZ-

BP-PNA were -5. 40 eV and -5. 32 eV, respective‑
ly, which were calculated from the oxidation poten‑
tial with ferrocene as an internal reference. Corre‑
spondingly, the LUMO energy levels calculated from
the formula of ELUMO=EHOMO+Eg were -1. 93 eV and -
2. 12 eV, respectively.

3. 5 Film Morphology Characteristic
As is well-known that the excellent film mor‑

phologies for the light-emitting layer are favor to re‑
duce the interface problems and improve device effi‑
ciency. On this basis, film morphologies of both
compounds in the thermally evaporated thin film
were evaluated by atomic force microscopy（AFM）.
As shown in Fig. 7, the root mean square surface rough‑
ness values of 2OPTZ-PNA and 2OPTZ-BP-PNA are
0. 36 nm and 0. 24 nm, respectively. It indicated that
2OPTZ-BP-PNA would have better contact with the
adjacent functional layers owing to the smoother and
more homogeneous surface morphology.

3. 6 Electroluminescent Performance
In order to evaluate the EL performance of

2OPTZ-PNA and 2OPTZ-BP-PNA, non-doped devices
were firstly fabricated. The device structures were as
follows: ITO/MoO3（3 nm）/NPB（40 nm）/TCTA（10
nm）/2OPTZ-PNA or 2OPTZ-BP-PNA（20 nm）/TPBi
（40 nm）/LiF（1 nm）/Al（100 nm）. The molecular
structures of related functional layer materials, de‑
vice structures and energy-level diagrams are shown
in Fig. S8. Fig. 8 showed the EL properties of these
non-doped devices, and the critical data were summa‑
rized in Tab. 2. Both 2OPTZ-PNA-based and 2OPTZ-

BP-PNA-based non-doped devices achieved violet-
blue emission, and their emission peaks were located

at 424 nm and 436 nm with the corresponding CIE
coordinates at（0. 164, 0. 060）and（0. 155, 0. 046）,
respectively. Here, apart from the slight red shift of
EL emissions, EL spectra for two devices were similar
to the PL spectra in the neat films prepared by vacu‑
um-deposition, indicating that EL emissions for these
devices were well originated from the intrinsic emis‑
sion of two materials.

Moreover, EL spectra of 2OPTZ-PNA and
2OPTZ-BP-PNA at different driving voltages exhi ‑
bited good color stability without noticeable changes
（Fig. S9）. The lower turn-on voltages（3. 0-3. 2 V）
were obtained, which could be attributed to the use
of a suitable device structure and the balanced carrier

Tab. 1 The thermal properties and photophysical data of 2OPTZ-PNA and 2OPTZ-BP-PNA

Compounds
2OPTZ‑PNA

2OPTZ‑BP‑PNA
a Measured in toluene solution（10-5 mol/L）. b Measured in the neat film. c Measured in powder.

λabs
a/nm

310，370
320，337

λem
a/nm

391，500
402

λem
b/nm
411
429

λem
c/nm
439
424

HOMO/LUMO/eV
-5. 40/-1. 93
-5. 32/-2. 12

ΦPL
b/ %
14
33

Td /Tg/℃
370/106
447/134
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[μm]
[nm]00 2.43

2
4 4

2
0

[μm]

2
0

[nm
]

0 1 2 3 4 5 0
1

2
3

4
5

[μm]
[nm]0 1.64

2
4 4

2
0

[μm]

2
0

[nm
]

[μm
]

[μm
]

2OPTZ‑PNA RMS=0.36 nm 2OPTZ‑BP‑PNA RMS=0.24 nm
Fig.7 AFM images（5 μm × 5 μm）and the corresponding 3D height images of 2OPTZ-PNA and 2OPTZ-BP-PNA in the evapo‑

rated films
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transport properties characterized by the carrier-only
devices（Fig. S10）. In particular, the non-doped
2OPTZ-BP-PNA-based device exhibited excellent
EL performance with the maximum EQE and lumi‑
nance（Lmax）of 4. 1% and 2 602 cd/m2, respectively.
Importantly, it also had the narrower FWHM of 54

nm, and CIE coordinates of（0. 155, 0. 046）at the
driving voltage of 6 V was very close to the standard
violet-blue light in the high-definition displays. The
high EQE of 2OPTZ-BP-PNA was due to its better
carrier transport performance, more suitable device
energy levels and high PLQY.

Furthermore, we also tried to explore the EL
properties of 2OPTZ-PNA and 2OPTZ-BP-PNA in
the doped devices, where mCP was employed as the
host material of 2OPTZ-PNA and 2OPTZ-BP-PNA.
The device structure was ITO/MoO3（3 nm）/NPB（40
nm）/TCTA（10 nm）/mCP∶x% 2OPTZ-PNA or 2OPTZ-

BP-PNA（20 nm）/TPBi（40 nm）/LiF（1 nm）/Al（100
nm）. Compared with their non-doped devices, the
EL emission spectra of two doped devices had signif‑

icantly blue-shifted emission peaks and narrower
FWHMs（Fig. 8 and Tab. 2）. This was mainly attrib‑
uted to the fact that the introduction of the host mate‑
rial（mCP）reduced the polarity of the emitting layer
and weakened the intermolecular interaction. More‑
over, we investigated the different doping concentra‑
tions of 70%, 50%, 30%, 20% and 10% in the doped
2OPTZ-BP-PNA-based devices（Fig. S11-S12）. As
the doping concentration decreased（Tab. S2）, EL
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Fig.8 （a）EL performance of 2OPTZ-PNA and 2OPTZ-BP-PNA in the non-doped and doped devices. EL spectra at a driving
voltage of 5 V.（b）J⁃V⁃L curves.（c）CE-L-PE curves.（d）EQE-L curves.

Tab. 2 EL performance of devices based on 2OPTZ-PNA and 2OPTZ-BP-PNA

Devices
2OPTZ‑PNA

mCP∶2OPTZ‑PNA
2OPTZ‑BP‑PNA

mCP∶2OPTZ‑BP‑PNA
a Turn‑on voltage estimated at a brightness of 1 cd/m2.

λEL/
nm
424
414
436
428

Von
a/
V
3. 2
3. 7
3. 0
3. 2

Lmax/
（cd·m-2）

666
861
2602
2180

CEmax/
（cd·A-1）

0. 60
0. 23
1. 67
1. 09

PEmax/
（lm·W-1）

0. 57
0. 16
1. 46
0. 96

EQEmax/
%
1. 5
1. 1
4. 1
3. 9

CIE
（x，y）

（0. 164，0. 060）
（0. 162，0. 036）
（0. 155，0. 046）
（0. 157，0. 034）

FWHMs/
nm
57
54
54
51
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emission peaks had obvious blue-shift to a certain
extent owing to increasing the distance between the
chromophores. When the doping concentration was
70%, it showed high-quality violet-blue light emis‑
sion at 428 nm with a CIE coordinate of（0. 156,
0. 036）. However, the maximum luminance and de‑
vice efficiency were slightly lower than the non-doped
device. It could be explained that the disordered mo‑
lecular arrangement in the doped films decreased the
light output. These results indicated that the new
compounds of 2OPTZ-PNA and 2OPTZ-BP-PNA had
great potential in lighting and full-color display.
4 Conclusion

In summary, we have designed and synthesized
a kind of violet-blue fluorescent materials（2OPTZ-

PNA and 2OPTZ-BP-PNA）with D-π-A-typed struc‑
tures using 10H-phenothiazine 5, 5-dioxide as the

weak acceptor and N-（2-naphthyl）aniline as the do‑
nor and the phenyl and biphenyl as the π -bridge.
By prolonging the π -bridge length, the charge trans‑
fer state has been appropriately regulated and con‑
trolled. On this basis, PLQYs improved from 14% to
33%. Non-doped OLED devices based on 2OPTZ-

PNA and 2OPTZ-BP-PNA exhibited purely violet-
blue light with the CIE coordinates of （0. 164,
0. 060）and（0. 155, 0. 046）, respectively. Further‑
more, the non-doped devices of 2OPTZ-BP-PNA ex‑
hibited the best EL performance with the narrow
FWHM of 54 nm and maximum EQEs of 4. 1%.
This work provides a new strategy for high-perfor‑
mance violet-blue emitters.

Supplementary Information and Response Letter are
available for this paper at：http://cjl. lightpublishing.
cn/thesisDetails#10.37188/CJL. 20220093.
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