
Open Access Article

Efficient deep-blue fluorescent material serving as 
emitter and host for high-performance organic 
light-emitting diodes
Ting Guo1, Zhangshan Liu1, Ruming Jiang2,*, Ben Zhong Tang3, Zujin Zhao1,*

1State Key Laboratory of Luminescent Materials and Devices, Guangdong Provincial Key Laboratory of Luminescence from Molecular 
Aggregates, South China University of Technology, Guangzhou 510640, Guangdong, China.
2School of Materials and Energy, Foshan University, Foshan 528000, Guangdong, China.
3School of Science and Engineering, Shenzhen Institute of Aggregate Science and Technology, The Chinese University of Hong Kong, 
Shenzhen 518172, Guangdong, China.

*Correspondence to: Ruming Jiang, School of Materials and Energy, Foshan University, Foshan 528000, Guangdong, China. E-mail: 
rumingjiang@fosu.edu.cn
Zujin Zhao, State Key Laboratory of Luminescent Materials and Devices, Guangdong Provincial Key Laboratory of Luminescence from 
Molecular Aggregates, South China University of Technology, Guangzhou 510640, Guangdong, China. E-mail: mszjzhao@scut.edu.cn

Received: July 02, 2024  Accepted: August 21, 2024  Published: January 09, 2025

Cite this article: Guo T, Liu Z, Jiang R, Tang BZ, Zhao Z. Efficient deep-blue fluorescent material serving as emitter and host for high-
performance organic light-emitting diodes. Smart Mater Devices. 2025;1:36723. https://doi.org/10.70401/smd.2025.0002

Abstract
Blue emitters are highly desired in organic light-emitting diodes (OLEDs), but their electroluminescence efficiencies and roll-offs are always 
less than satisfactory. In this work, a triazine-based deep-blue emitter (2PhCzTRZ-Cz) is designed and synthesized. It prefers high thermal 
stability with a decomposition temperature of up to 543 °C, and possesses strong deep-blue photoluminescence. The doped OLEDs using 
2PhCzTRZ-Cz as an emitter attain deep-blue lights at 418-424 nm, with high maximum external quantum efficiencies (η exts) of 4.46-5.68%, 
maximum luminances of 2,820-7,400 cd m-2, CIEy values < 0.1 and small efficiency roll-offs. In addition, multiple-resonance thermally 
activated delayed fluorescence OLED by using 2PhCzTRZ-Cz as host realizes a high maximum η ext of 21.5%, significantly higher than those 
of the device based on traditional m CBP host (12.9%). These outstanding performances demonstrate the great potential of 2PhCzTRZ-Cz as 
an emitter and host for OLEDs.
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1. Introduction
In the past decades, organic light-emitting diodes (OLEDs) have attracted great attention due to their unique advantages in the 
display area, including lightweight, good flexibility, and ease of fabricating[1-5]. For traditional organic fluorescent materials, their 
internal quantum efficiency (IQE) is limited to 25%[6]. In trying to break out of this limitation, researchers paid a heavy price to develop 
new materials including triplet-triplet annihilation (TTA)[7,8] and thermally activated delayed fluorescence (TADF)[9]. Specifically, TADF 
materials can achieve almost 100% exciton utilization through reverse intersystem crossing (RISC) from the lowest triplet excited state 
(T1) to the lowest singlet state (S1), but they generally face severe roll-offs. Recently, hybridized local and charge transfer (HLCT) 
fluorescent materials have been developed to become an important organic material system for high performance OLEDs due to their 
“hot exciton” channel[10] that can convert high level triplet (Tn, n ≥ 2) to S1 through the high-lying RISC (hRISC) process. Although the 
development of OLEDs has solved the problem of exciton utilization, there are still many problems for blue materials, including 
unsatisfactory electroluminescence (EL) efficiencies and severe efficiency roll-offs[11-15].

Researchers have made tremendous efforts to address these issues by developing new blue materials. In 2019, Su et al.[16] adopted a 
simple strategy to extend the non-conjugated fragments and molecular lengths by introducing a tri-spiral donor to triphenyltriazine 
for alleviating the aggregation-caused emission quenching, and synthesized a triazine-based TADF material, which achieves 90% 
horizontal orientation dipole ratio (Θ//) and high ηext of 33.3% in doped and 20.0% in non-doped sky-blue OLEDs. In 2022, Wang et al.[17] 
reported a molecule, namely ICZ-TAZ, that simultaneously realized short-wavelength ultraviolet (UV) or near ultraviolet (NUV) 
emission while maintaining a narrow full width at half maximum (FWHM) value. They designed an ingenious synthetic method to 
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achieve emitters with a coplanar structure, and the UV/NUV OLEDs based on ICZ-TAZ achieve ηext of 3.26% at 388 nm and 4.02% at 
406 nm with narrow FWHM of 32 nm and 46 nm, respectively. In 2023, Wong and co-workers[18] proposed a design strategy by 
integrating asymmetric oxygen-boron-nitrogen (O-B-N) multi-resonance (MR) unit into traditional N-B-N MR molecules to form a 
rigid and extended O-B-N-B-N MR π-skeleton. Three deep blue MR materials (namely OBN, MBN, and ODBN) were synthesized, in 
which ODBN can achieve a high ηext of 24.15% accompanied by a deep blue emission with the corresponding CIEy coordinate below 
0.1.

Herein, we introduced two 9-phenylcarbazoles to weaken the electronegativity of the acceptor core of triazine, and then carbazole as 
a weak donor is also used to connect the core through a phenyl bridge to weaken the charge transfer (CT) effect of the entire 
molecule, ensuring its deep-blue emission. Based on the above design, a new triazine-based fluorescence material (2PhCzTRZ-Cz) is 
synthesized, which has high thermal stability of 543 °C and good photoluminescence (PL) quantum yield (ΦPL) of 38%. The OLEDs 
employing 2PhCzTRZ-Cz as an emitter achieve high maximum ηextS of 4.46-5.68% with CIEy values < 0.1 and small efficiency roll-offs. 
More inspiringly, when employing 2PhCzTRZCz as the host, high-performance green MR TADF OLED can be realized with a high 
maximum ηext of 21.5%, much superior to that of the device based on traditional mCBP host (12.9%).

2. Experimental Section
2.1 General information
All the chemicals and reagents were purchased from commercial sources and used as received without further purification. The final 
product was subjected to vacuum sublimation to further improve purity before photoluminescence (PL) and electroluminescence (EL) 
properties investigations. 1H and 13C NMR spectra were measured on a Bruker AV 400 or 500 spectrometer in CDCl3 or CD2Cl2 at room 
temperature. High-resolution mass spectra (HRMS) was recorded on an Agilent1290/Bruker maXis impact mass spectrometer. 
Thermal gravimetric analysis (TGA) data were collected from a TG209F1 under nitrogen protection at a heating rate of 10 K min-1. 
Differential scanning calorimetric (DSC) analysis were performed on a DSC 214 Polymer under dry nitrogen at a heating rate of 
10 °C min-1. UV-vis absorption spectra were measured on a Shimadzu UV-2600 spectrophotometer. PL spectra were recorded on a 
Horiba Fluoromax-4 spectrofluorometer. PL quantum yields were measured using a Hamamatsu absolute PL quantum yield 
spectrometer C11347 Quantaurus_QY. Transient PL decay spectra were measured under vacuum atmosphere for the films, using 
Quantaurus-Tau fluorescence lifetime measurement system (C11367-03, Hamamatsu Photonics Co., Japan). Cyclic voltammogram was 
performed in dichloromethane or dimethylformamide containing 0.1 M tetrabutylammonium hexafluorophosphate with the scan rate 
of 50 mV s-1, using a platinum wire as the auxiliary electrode, a glass carbon disk as the working electrode and Ag/Ag+ as the 
reference electrode, standardized for the redox couple ferricenium/ferrocene (Fc/Fc+). The ground-state geometry was optimized 
using the density function theory (DFT)[19] method with B3LYP functional at the basis set level of 6-31G**, and the energy levels of 
excited-states were carried out using the time-dependent DFT (TD-DFT) method with B3LYP functional at the basis set level of 
def2tzvp.

2.2 OLED fabrication and characterization

The glass substrates precoated with a 90 nm layer of indium tin oxide (ITO) with a sheet resistance of 15~20 Ω per square were 
successively cleaned in ultrasonic bath of acetone, isopropanol, detergent and deionized water, respectively, taking 10 minutes for 
each step. Then, the substrates were totally dried in a 70 °C oven. Before the fabrication processes, in order to improve the hole 
injection ability of ITO, the substrates were treated by O2 plasma for 10 minutes. The vacuum-deposited OLEDs were fabricated under 
a pressure of < 5 × 10-4 Pa in the Fangsheng OMV-FS450 vacuum deposition system. Organic materials, LiF and Al were deposited at 
rates of 1~2 A s-1, 0.1 A s-1 and 5 A s-1, respectively. The devices B1-B3 had their luminance-voltage-current density and external 
quantum efficiency characterized with a dual-channel Keithley 2614B source meter and a PIN-25D silicon photodiode. The EL spectra 
were obtained via an Ocean Optics USB 2000+ spectrometer, along with a Keithley 2614B source meter. And devices H1 and H2 had 
their luminance-voltage-current density and external quantum efficiency characterized with a Keithley 2400 Source Meter and a 
PhotoResearch PR670 spectroradiometer, and EL spectra were characterized with a Keithley 2400 Source Meter and a PhotoResearch 
PR670 spectroradiometer. The effective emitting area of the devices was 9 mm2, determined by the overlap between anode and 
cathode. All the characterizations for EL efficiencies were conducted at room temperature in ambient conditions without any 
encapsulation.

2.3 Synthesis and characterization
3,3'-(6-(4-Fluorophenyl)-1,3,5-triazine-2,4-diyl)bis(9-phenyl-9H -carbazole) (3): The mixture of (9-phenyl-9H-carbazol-3-yl) boronic 
acid (1) (5.74 g, 20 mmol), 2,4-dichloro-6-(4-fluorophenyl)-1,3,5-triazine (2) (2.45 g, 10 mmol), K2CO3 aqueous solution (2 mol L-1, 50 mL), 
toluene (100 mL) and ethanol (50 mL) was added into a three-neck round-bottom flask. After bubbling through nitrogen for 15 min, 
Pd(PPh3)4 (0.48 g, 0.50 mmol) was added into the solution and heated to 100 °C with stirring for 12 h under nitrogen atmosphere. The 
reaction mixture was washed with water (5 × 200 mL) and dried over Na2SO4. The solvent was removed by rotary evaporation and the 
crude product was purified by silica gel column chromatography using dichloromethane/petroleum ether (1:3, v/v) to give the 
product 3 as white solid (4.28 g, 65%). 1H NMR (500 MHz, CDCl3) δ 9.60 (d, J = 1.6 Hz, 2H), 8.91-8.87 (m, 4H), 8.38 (d, J = 7.6 Hz, 2H), 
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7.68-7.62 (m, 8H), 7.55-7.38 (m, 10H), 7.32-7.27 (m, 2H).

3,3'-(6-(4-(9H -carbazol-9-yl)phenyl)-1,3,5-triazine-2,4-diyl)bis(9-phenyl-9H -carbazole) (2PhCzTRZ-Cz): A 250 mL two-necked flask 
was charged with the powder of 3 (3.29 g, 5 mmol), Cz (920 mg, 5.5 mmol), sodium hydride (0.40 g, 10 mmol) under the protection of 
nitrogen. The flask was cooled in an ice-bath and anhydrous N,N-dimethylformamide (120 mL) was added to the flask and the mixture 
was stirred at 0 °C for 0.5 h, and then stirred at 130 °C for 24 h. After the reaction was completed, the mixture was cooled down to 
room temperature. The mixture was quenched with water and was vacuum filtered under reduced pressure. The crude product was 
purified by silica gel column chromatography using dichloromethane/petroleum ether (1:1, v/v) to obtain 2PhCzTRZ-Cz as white solid 
(2.13g, 53%).1H NMR (500 MHz, CD2Cl2) δ 9.70 (d, J = 1.5 Hz, 2H), 9.14 (m, 2H), 8.97 (m, 2H), 8.42 (m, 2H), 8.20 (m, 2H), 7.88 (m, 2H), 
7.66 (m, 10H), 7.58 (m, 4H), 7.54 (m, 6H), 7.41 (m, 2H), 7.35 (m, 2H). 13C NMR (125 MHz, CD2Cl2) δ 143.73, 141.71, 140.52, 137.18, 130.54, 
130.03, 128.26, 127.90, 127.15, 127.06, 126.58, 126.49, 126.15, 123.68, 121.83, 120.73, 120.71, 120.33, 120.31, 110.16, 110.03, 109.70. HRMS 
(ESI, m/z) calcd. for C57H36N6 [M + H]+: 805.3001; found: 805.3074.

3. Results and Discussion
3.1 Synthesis and characterization
The target molecule 2PhCzTRZ-Cz was facilely synthesized by the two-step reaction as shown in Scheme S1 in Supporting 
Information. Initially, the intermediate 3,3'-(6-(4-fluorophenyl)-1,3,5-triazine-2,4-diyl)bis(9-phenyl-9H-carbazole) (3) was obtained via 
a Suzuki reaction of (9-phenyl-9H-carbazol-3-yl) boronic (1) acid and 2,4-dichloro-6-(4-fluorophenyl)-1,3,5-triazine (2). Subsequently, 
carbazole was coupled with the intermediate (3) to furnish the final product. The chemical structure of 2PhCzTRZ-Cz was well 
confirmed by nuclear magnetic resonance and high-resolution mass spectrometry, with satisfactory results. 2PhCzTRZ-Cz is of 
brilliant thermal and morphological stabilities, as evidenced by a high decomposition temperature (corresponding to 5% loss of initial 
weight) of 543 °C and a high glass-transition temperature of 180 °C (Figure S1). According to the half-wave potentials in oxidation and 
reduction curves in cyclic voltammetry measurement[20-23], the highest occupied molecular orbital (HOMO) and the lowest 
unoccupied molecular orbital (LUMO) energy levels of 2PhCzTRZ-Cz were obtained to be -5.03 and -2.87 eV, respectively (Figure S2).

3.2 Electronic structure
Theoretical simulation was conducted by density functional theory (DFT) and time-dependent DFT for exploring the electronic 
information of 2PhCzTRZ-Cz. The electron cloud distributions of HOMO, LUMO, and energy levels of excited states are shown in 
Figure 1. The HOMO is mainly distributed on the carbazole donor that connected to the core through a phenyl. At the same time, the 
LUMO is primarily located on the central triazine acceptor with a wide-bound region extending to adjacent three phenyl rings. Such 
excessive overlap of HOMO and LUMO leads to a large theoretical energy splitting between S1 and T1 of 0.41 eV, which is unfavored for 
the appearance of delayed fluorescence. However, the calculated energy levels of high-lying triplet states (Tn, n = 4, 5, 6) are very 
close to the S1 energy level, which may open a potential “hot exciton” channel to effectively utilize triplet excitons through an hRISC 
process, thus breaking the theoretical limit of 25% for exciton utilization in traditional fluorescence.

Figure 1. Molecular structure of 2PhCzTRZ-Cz, frontier molecular orbital distribution, and the calculated energy levels of excited states. HOMO: highest occupied molecular 

orbital; LUMO: lowest unoccupied molecular orbital.
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3.3 Photophysical performances
The absorption and PL spectra of 2PhCzTRZ-Cz in dilute toluene solutions and PPF in dilute dichloromethane with a concentration of 
10-5 M are displayed in Figure 2A and Figure S3. 2PhCzTRZ-Cz exhibits an absorption maximum at 322 nm, assigned to the π-π* 
transitions of the molecule. However, the discernible absorption peak from the CT transition cannot be found in the whole 
absorption curve, suggesting that the CT effect should be weak in 2PhCzTRZ-Cz. Owing to the weak CT effect, 2PhCzTRZ-Cz has a 
short-wavelength PL emission with a peak at 404 nm. The host of PPF shows an absorption maximum at 290 nm with a PL peak at 
320 nm. To further evaluate the potentials of 2PhCzTRZ-Cz in OLEDs application, PL properties of 2PhCzTRZ-Cz in doped film were 
further investigated by using PPF (Table S1) as host with a doping concentration of 20 wt%. The doped film of 2PhCzTRZ-Cz shows a 
deep-blue PL peak at 433 nm (Figure 2B) with ΦPL of 38%, and a short PL lifetime of 11 ns with no obvious delayed component in the 
transient PL decay curve (Figure 2C). The main reason for the 19 nm red shift in the PL peak of dope film is that the PPF host has a 
large polarity. Meanwhile, such a short PL lifetime is insufficient to generate delayed fluorescence. According to the phosphorescence 
and fluorescence spectra of the doped film and toluene solutions measured at 77 K (Figure 2D and Figure S4), the ΔEST values are 
calculated to be as large as 0.41 eV and 0.45 eV respectively. Such large ΔEST values are unfavored for up-conversion of T1 to S1. 
Therefore, 2PhCzTRZ-Cz hasn’t TADF characteristics. All the key photophysical and electrochemical properties of 2PhCzTRZ-Cz are 
summarized in Table 1.

Figure 2. (A) Absorption and PL spectra of 2PhCzTRZ-Cz in dilute toluene solution (10-5 M); (B) PL and (C) transient PL decay spectra of the doped film (20 wt% 2PhCzTRZ-Cz: 

PPF); (D) Fluorescence and phosphorescence spectra of the doped film (20 wt% 2PhCzTRZ-Cz: PPF) measured at 77 K (delayed 20 ms). PL: photoluminescence.

Table 1. The photophysical and electrochemical properties of 2PhCzTRZ-Cz.

Molecule λ abs
a)[nm] λ em

b)Tol/DF [nm] Φ PL
c)[%] τ d)[ns] HOMO/LUMOf)[eV] �E ST

f)Tol/DF [eV] T d
g)[°C] T g

h)[°C]

2PhCzTRZ-Cz 322 404/433 38 11 -5.03/-2.87 0.45/0.41 543 180

a): Measured in oxygen-free toluene solution (10-5 M) at room temperature; b): PL peak in Tol solution and DF in PPF (20 wt%) at room temperature; c): Absolute PL quantum 
yield determined by a calibrated integrating sphere under nitrogen at room temperature; d): Fluorescence lifetime; e): Cyclic voltammogram of 2PhCzTRZ-Cz measured in 
dichloromethane (HOMO) and dimethylformamide (LUMO); F): Doped film and tol solution measured at 77K; G): TGA and H) DSC curves of 2PhCzTRZ-Cz, measured under 
nitrogen at a scan rate of 10 °C s-1. PL: photoluminescence; HOMO: highest occupied molecular orbital; LUMO: lowest unoccupied molecular orbital; Tol: toluene; DF: doped 
film; TGA: thermogravimetric analysis; DSC: differential scanning calorimeter.
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3.4 Electroluminescence

3.4.1 Blue fluorescent OLEDs
The OLED devices were fabricated by using the doped films of 2PhCzTRZ-Cz in PPF host with different doping concentrations as 
emitting layers (EMLs). The configuration of the devices is ITO/HATCN (6.5 nm)/TAPC (30 nm)/TCTA (5 nm)/mCP (5 nm)/EMLs (20 nm)/
PPF (5 nm)/TmPyPB (30 nm)/LiF (1 nm)/Al (EMLs are 10, 20, 30, 40, 60, 80, and 100 wt% 2PhCzTRZ-Cz: PPF for device B1, B2, B3, B4, B5, 
B6, and B7). Device configuration, energy diagram, and functional layers for the vacuum-deposited OLEDs are displayed in 
Figure 3A,B, and Table S1. The EL parameters are summarized in Table 2, and the EL characteristics curves are depicted in 
Figure 3C,D,E. The B1-B7 devices radiate deep-blue light with EL peaks in the range of 418-424 nm and exhibit high maximum 
luminance (L) ranging from 2,820 to 9,150 cd m-2. Among these devices, B1 possesses the best EL efficiencies with maximum current 
efficiency (ηC), maximum power efficiency (ηP), and maximum ηext of 2.79 cd A-1, 2.58 lm W-1, and 5.68%, respectively, which is among 
the state-of-the-art deep-blue fluorescent OLEDs. The CIEy values of all devices are less than 0.1, confirming their pure deep-blue light 
features. More inspiringly, the efficiency roll-offs of B1-B7 from the maximum value to that at 1,000 cd m-2 are calculated to be 54.8%, 
32.3%, 17%, 14.8%, 1.3%, 0.2%, and 0% respectively, indicating a trend of gradually decreased roll-offs with increased guest 
concentration, and the non-doped device has smallest roll-offs at 1,000 cd m-2. Compared to some recently reported deep blue 
molecules (Table S2), 2PhCzTRZ-Cz exhibits more satisfactory advantages in EL emission and maximum ηext. Considering the excellent 
EL performance, 2PhCzTRZ-Cz should theoretically have a high horizontal dipole orientation tendency. Therefore, the horizontal 
dipole ratio (Θ//) is measured by the angle-dependent p-polarization PL method. As depicted in Figure S5, 2PhCzTRZ-Cz possesses a 
large Θ// of 81.4%, which contributes to the high ηext over 5%.

Figure 3. (A) Configuration and energy diagram; (B) Molecular structures of the functional materials of the deep-blue doped OLEDs based on 2PhCzTRZ-Cz; (C) EL spectra 

measured at 5 V; (D) External quantum efficiency curves with the change of luminance; (E) Luminance and current density curves with the change of voltage of the blue 

OLEDs. OLEDs: organic light-emitting diodes; EL: electroluminescence.

Table 2. The EL performances of OLEDs based on 2PhCzTRZ-Cz.

η C (cd A-1) η P (lm W-1) η ext (%)
Devicea) λ EL (nm) V on (V) L max (cd m-2)

maximum value/at 1,000 cd m-2
CIE (x, y)

B1 418 3.3 2,820 2.79/1.26 2.58/0.51 5.68/2.57 (0.16, 0.07)

B2 422 3.1 5,160 2.56/1.74 2.51/0.88 4.77/3.23 (0.16, 0.07)

B3 424 2.9 7,400 2.61/2.17 2.74/1.22 4.46/3.70 (0.16, 0.08)

B4 424 3.1 8,210 2.94/2.50 2.90/1.40 4.45/3.79 (0.16, 0.09)
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B5 424 3.1 9,150 2.26/2.26 2.15/1.36 4.25/4.24 (0.16, 0.07)

B6 424 3.1 8,970 2.16/2.14 1.82/1.34 3.99/3.94 (0.16, 0.07)

B7 424 3.1 6,540 1.89/1.89 1.47/1.14 3.76/3.76 (0.16, 0.07)

λ EL: electroluminescence peak at 5 V; V on: turn-on voltage at 1 cd m-2; L max: maximum luminance; η C/η P/η ext: current efficiency/power efficiency/external quantum efficiency; 
CIE: Commission Internationale de I'Eclairage coordinates at 1000 cd m-2; a): abbreviations; EL: electroluminescence; OLEDs: organic light-emitting diodes.

3.4.2 Carrier mobility
Further, to detect the ability of this molecule as the host, we fabricated the single carrier devices. The hole-only and electron-only 
devices based on the structures of ITO/TAPC (10 nm)/2PhCzTRZ-Cz (80 nm)/TAPC (10 nm)/Al (120 nm) and ITO/TmPyPB (10 nm)/
2PhCzTRZ-Cz (80 nm)/TmPyPB (10 nm)/LiF (1 nm)/Al (120 nm) were fabricated. Typical ohmic characteristics were observed at a low 
voltage based on the current density-voltage (J-V) curves. The space-chargelimited current property can be estimated using 
Mott-Gurney equation (1)[24]:

(1)

Where ε0 represents the vacuum permittivity (ε0 = 8.85 × 10-14 C V-1 cm-1), εr stands for the relative dielectric constant, which is 
considered to be 3.0 for organic semiconductor, E is the strength of an electric field, and L means the thickness of the neat film of an 
emitter. Apparently, from Figure 4, this molecule exhibits better electron transfer performance than hole transfer performance, with 
electron mobility three orders of magnitude higher than hole mobility. The fast electron transfer ability is offered by the core of 
triazine, while the hole transfer ability is mainly provided by the three carbazole groups.

Figure 4. (A) Plots of current density-voltage; (B) Plots of electric field-dependent mobilities (μ) of single carrier devices.

3.4.3 MR-TADF OLEDs employing 2PhCzTRZ-Cz as the host
To verify the ability of the molecule as the host, we selected a green MR-TADF molecule (BN2, Figure 5B) as the guest, 2PhCzTRZ-Cz 
was used as a host for device characterization. For comparison, the traditional host of mCBP was also used to prepare the device. The 
structure of the devices is ITO/HATCN (5 nm)/TAPC (30 nm)/TCTA (5 nm)/mCP (5 nm)/EMLs (20 nm)/PPF (5 nm)/TPBi (50 nm)/LiF 
(1 nm)/Al (EMLs is 3 wt% BN2: 2PhCzTRZ-Cz for device H1 and EMLs is 3 wt% BN2: mCBP for device H2). The obtained device H1 has a 
lower turn-on voltage of 3.4 eV than device H1 (3.7 eV), indicative of more efficient injection and balanced transport of the charge 
carriers. Device H2 exhibits green emission peaking at 544 nm with a small FWHM of 42 nm and a maximum ηext of 12.9% (Figure 5 and 
Table 3). When employing 2PhCzTRZ-Cz as the host, the device H1 radiates green light with an EL peak at 544 nm and FWHM of 41 nm, 
which is coincident with those of the device H2. Very encouragingly, device H1 provides excellent EL performance with maximum L, 
ηC, ηP and ηext of 49,690 cd m-2, 89.7 cd A-1, 79.6 lm W-1, and 21.5%, respectively, significantly higher than those of the device based on 
mCBP host (17,440 cd m-2, 54.3 cd A-1, 41.2 lm W-1 and 12.9%). The significant improvement of EL performance by using 2PhCzTRZ-Cz as 
the host may mainly be due to the 2PhCzTRZ-Cz having better electron transport and result in more balanced carrier transport in the 
EML[25,26]. In addition, using the host with high Θ// can also induce the guest to have higher Θ//, which is contributed to the better EL 
efficiency[27]. Last, to ensure the reliability of the device data, both devices B1 and H1 were repeated by 4 times, and similar results 
were obtained (Figure S6), indicative of high repeatability.
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Figure 5. (A) Configuration and energy diagram; (B) Molecule structure of BN2, mCBP, and 2PhCzTRZ-Cz; (C) EL spectra measured at 5 V; (D) External quantum efficiency 

curves with the change of luminance; (E) Luminance and current density curves with the change of voltage of the green OLEDs. OLEDs: organic light-emitting diodes; EL: 

electroluminescence.

Table 3. The EL performances of OLEDs using 2PhCzTRZ-Cz (H1) and m CBP (H2) as hosts.

η C (cd A-1) η P (lm W-1) η ext (%)
Devicea) λ EL (nm) V on (V) L max (cd m-2)

maximum value/at 1,000 cd m-2
CIE (x, y)

H1 544 3.4 49,690 89.7/26.2 79.6/15.2 21.5/6.3 (0.35, 0.64)

H2 544 3.7 17,440 54.3/12.6 41.2/5.8 12.9/3.0 (0.34, 0.64)

λ EL: electroluminescence peak at 5 V; V on: turn-on voltage at 1 cd m-2; L max:  maximum luminance; η C/η P/η ext: current efficiency/power efficiency/external quantum efficiency; 
CIE: Commission Internationale de l'Eclairage coordinates at 1000 cd m-2; a): abbreviations; EL: electroluminescence; OLEDs: organic light-emitting diodes.

4. Conclusion
In conclusion, an efficient deep-blue fluorescent molecule (2PhCzTRZ-Cz) comprised of triazine acceptor and carbazole donor is 
successfully developed. 2PhCzTRZ-Cz exhibits high thermal stability and possesses a deep-blue PL peak at 433 nm with ΦPL of 38% in 
doped film. Efficient pure deep-blue OLEDs (CIEy < 0.1) are fabricated with 2PhCzTRZ-Cz serving as emitter, providing excellent EL 
performances with maximum ηext of 3.76-5.68% at 418-424 nm and 0% roll-offs at 1,000 cd m-2 for the non-doped device, being among 
the state-of-the-art deep-blue fluorescent OLEDs. Especially, when 2PhCzTRZ-Cz serves as the host for MR-TADF guest (BN2), 
high-performance green narrowband OLED can be realized with a maximum ηext of 21.5% and small FWHM of 41 nm. These results 
demonstrate that 2PhCzTRZ-Cz is capable of both emitter and host for the fabrication of high-performance OLEDs.
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The supplementary material for this article is available at: Supplementary materials.
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