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Abstract
Nitrogen/boron-based multi-resonance thermally activated delayed fluorescence (MR-TADF) materials offer advantages in terms of high 
photoluminescence quantum yield (PLQY) and narrowband emission, making them highly promising for display applications. Represented by 
ν-DABNA, diboron MR-TADF materials demonstrate the potential for high-efficiency narrowband emission. However, their large planar 
structures are susceptible to intermolecular interactions, thus increasing the complexity of device fabrication. In this research, our objective 
was to enhance the anti-aggregation capabilities of the diboron-based ν-DABNA by incorporating sterically hindered terphenyl groups. We 
synthesized two luminescent materials, DTPF-ν-DABNA and DTP-ν-DABNA, with intermolecular distances exceeding 4 Å in single-crystal 
stacking, significantly inhibiting intermolecular interactions. Both materials achieved an external quantum efficiency (EQE) exceeding 30% 
and full width at half maximum (FWHM) of no more than 22 nm, demonstrating characteristics of high-efficiency narrowband emission. Our 
research provides a straightforward and practical method to obtain MR-TADF materials with high device efficiency and low sensitivity to 
doping concentration.
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1. Introduction
Currently, organic light-emitting diodes (OLEDs)[1] have been widely used in the display industry. Among the emissive materials, 
thermally activated delayed fluorescence (TADF)[2-9] materials offer a cost-effective alternative to expensive noble metal complexes. 
TADF materials can achieve 100% internal quantum efficiency (IQE) through the process of reverse intersystem crossing (RISC) with 
pure organic materials. To achieve delayed fluorescence, the material must possess a sufficiently fast RISC rate (kRISC). This requires 
the molecule to have a small energy gap (ΔEST) between S1 and T1. Donor-acceptor (D-A) type TADF materials can achieve a small ΔEST 
by constructing twisted donor and acceptor structures that separate the highest occupied molecular orbital (HOMO) and lowest 
unoccupied molecular orbital (LUMO). However, molecules designed using this strategy often exhibit significant charge transfer (CT) 
characteristics and multiple vibrational levels, leading to substantial structural relaxation and a large stokes shift, which hampers the 
achievement of narrowband emission. Based on this fact, Hatakeyama et al. employed nitrogen atoms with electron-donating 
capabilities and boron atoms with electron-withdrawing abilities to construct a rigid polycyclic aromatic framework[10]. By utilizing 
the multi-resonance (MR) effect, they successfully separated the HOMO and LUMO, achieving a reduced ΔEST. MR-TADF materials 
feature a rigid molecular structure[11-18], enabling significant suppression of vibrational coupling and yielding a minimal a stokes shift, 
thereby facilitating small full width at half maximum (FWHM).

The emergence of MR-TADF materials has greatly expanded the variety of TADF materials. From initially incorporating single boron 
(B) atoms, the molecular design has gradually progressed to include diboron and even multiple B atoms in MR-TADF systems[19-29]. 
Comparatively, the diboron system with a larger π-conjugated plane exhibits superior optoelectronic performance compared to 
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single B-based MR-TADF. Notably, Hatakeyama et al. designed a diboron emitter ν-DABNA[30], which demonstrates an extremely 
narrow spectrum (λEL = 469 nm, FWHM = 18 nm) and high external quantum efficiency (EQE) (34.4%), offering novel insights for the 
design of MR-TADF materials. The ultra-high device efficiency and extremely narrow FWHM of ν-DABNA have attracted wide 
researchers’ attention to this diboron system with large planar structures. Hatakeyama et al. introduced oxygen atoms into ν-DABNA, 
leading to the design and synthesis of ν-DABNA-O[31]. The incorporation of oxygen atoms restricted the π-conjugation of HOMO. 
Compared to ν-DABNA, ν-DABNA-O with oxygen atoms exhibited a larger HOMO-LUMO gap, enabling a bluer and narrower emission 
in device (λEL = 465 nm, FWHM = 23 nm). Kwon et al. designed the methyl- and fluoro-substituted 4F-m-ν-DABNA[32], where the 
introduction of methyl and fluoro atoms lowered the HOMO energy level, increased the bandgap, and further blue-shifted the 
molecular spectra (λEL = 461 nm, FWHM = 18 nm). The addition of methyl and fluoro atoms also acted as steric hindrance, to some 
extent inhibiting the π-π interactions between planes. Even at a doping concentration of 3 wt%, the molecule achieved a high EQE of 
33.7% (0.5 wt% doping concentration for ν-DABNA). Yoo et al. introduced methyl groups as steric hindrance agents around ν-DABNA, 
designing the sterically encapsulated o-Tol-ν-DABNA-Me[33]. The introduced steric hindrance groups reduced van der Waals 
interactions between molecules while preserving the extensive conjugated structure of ν-DABNA. At a doping concentration of 3 wt%, 
an EQE of 33.1% was achieved, maintaining an FWHM of 18 nm. These studies demonstrate the developmental potential of ν-DABNA 
while highlighting its high sensitivity to doping concentration, which increases the difficulty in device fabrication.

In this study, we utilized terphenyl groups[34,35]with larger steric hindrance[36-38] as bulky substituents to modify the core of ν-DABNA, 
aiming to increase the molecular torsion degree. Consequently, we designed and synthesized two molecules, N7,N7,N13,N13,5,15-
hexaphenyl-9,11-bis(2,6-difluorophenyl)-5,9,11,15-tetrahydro5,9,11,15-tetraaza-19b,20b-diboradinaphtho[3,2,1-de:1',2',3'-
jk]pentacene-7,13-terphenyl (DTPF-ν-DABNA) and N7,N7,N13,N13,5,9,11,15-octaphenyl-5,9,11,15-tetrahydro-5,9,11,15-tetraaza-
19b,20b-diboradinaphtho[3,2,1-de:1',2',3'-jk]pentacene-7,13-terphenyl (DTP-ν-DABNA), which are modified by peripheral terphenyl 
groups. From the single-crystal structures, it is observed that the introduced terphenyl groups exhibit torsion angles exceeding 50° 
with respect to the luminescent core. Notably, in DTPF-ν-DABNA, the distance between the faces exceeds 8 Å, demonstrating that the 
introduction of the terphenyl groups effectively inhibits intermolecular π-π interactions. Even when the doping concentration of 
DTPF-ν-DABNA increased from 2 wt% to 10 wt%, narrowband emission with a consistent FWHM of 21 nm was maintained. 
Furthermore, at a doping concentration of 5 wt%, the EQE remained 34.2%. These performance characteristics demonstrate that the 
introduced terphenyl groups are beneficial for enhancing the molecular anti-aggregation capabilities and improving the 
performance of the molecules at high doping concentrations. This provides a good approach for modifying MR-TADF materials with 
large planarity, such as ν-DABNA.

2. Experimental
2.1 Synthesis of DTPF-ν-DABNA and DTP-ν-DABNA

All the synthesis routes and details of DTPF-ν-DABNA and DTP-ν-DABNA are available in supplementary materials.

2.2 Characterization
The raw reagents, catalysts, and chemicals involved in the initial reaction were all obtained from commercial companies and used 
without further purification. Solvents used in the reaction, such as toluene, o-dichlorobenzene, etc. were purified by the solvents 
purification system. 1H NMR and 13C NMR spectra were recorded on a Bruker 400 spectrometer or a Bruker 600 spectrometer at room 
temperature. Mass spectra and time-of-Flight MS-MALDI (MALDI-TOF) were performed on a Thermo ISQ mass spectrometer using a 
direct exposure probe and Bruker Autoflex II/Compass 1.0, respectively.

The ultraviolet-visible (UV-vis) absorption spectra were measured by a Shimadzu UV-2600 spectrophotometer. Fluorescent, as well as 
phosphorescent spectra, were measured by a Hitachi F-4600 spectrophotometer. Thermogravimetric analysis (TGA) was measured by 
a METTLER TOLEDO TGA1 under a high purity nitrogen atmosphere.

The temperature was increased to 800 °C with a heating rate of 10 °C/min. Density functional theory (DFT) calculations were 
performed utilizing PBE0-6-31G (d, p) atomic basis set. Electrochemical analysis was achieved on a CHI 600D electrochemical 
workstation, and the scan rate was 100 mV S-1 at room temperature. The three-electrode configuration system in n-Bu4NPF6 (0.1 M) 
dichloromethane solution. The redox potential of ferrocene/ferrocenium (Fc/Fc+) was measured at room temperature. The 
photoluminescence quantum yield (PLQY) was measured using Hamamatsu C9920-02G in nitrogen or air atmosphere. Transient 
spectra were obtained by using the Quantaurus-Tau fluorescence lifetime measurement system (C11367-03, Hamamatsu Photonics 
Co.) in a vacuum.

2.3 Single crystal information
The crystal was grown by slow evaporation from dichloromethane and ethanol. We used a Bruker D8-Venture diffractometer with a 
Turbo X-ray Source (Mo-Kα radiation, λ=0.71073 Å) adopting the direct-drive rotating anode technique and a CMOS detector to 
collect the single-crystal data. The structures were solved by direct methods and refined by the full-matrix least-squares on F2 using 
the SHELXTL-2014 program. The X-ray crystallographic coordinates for the structure reported in this study have been deposited at 
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the Cambridge Crystallographic Data Centre (CCDC), under deposition numbers DTPF-ν-DABNA and DTP-ν-DABNA (2303137 and 
2322055). These data can be obtained free of charge at The Cambridge Crystallographic Data Centre.

2.4 Devices fabrication and measurements

OLEDs were fabricated on the ITO glass substrate layers (110 nm, 15 Ω/square) under a base pressure of 3 × 10-6 Torr. The active area 
of each device was 0.09 cm2. Deposition rates and thicknesses of all materials were monitored using oscillating quartz crystals. The 
doping layer was deposited by utilizing two different sensors to monitor the deposition rates of both host material and dopant 
material. The deposition rate of the host was controlled at 0.2 nm s-1, and the deposition rate of the dopant was adjusted according to 
the volume ratio doped in the host materials. The electroluminescence (EL) and current density-voltage(J-V) characteristics of the 
devices were measured by a constant current source (Keithley 2400 SourceMeter) combined with a photometer (Photo Research 
SpectraScan PR655).

3. Results and Discussion
The synthesis routes for compounds DTPF-ν-DABNA and DTP-ν-DABNA are depicted in Figure 1, with detailed information provided 
in the supplementary materials. In the first step, a palladium-catalyzed Suzuki-Miyaura coupling reaction was designed to yield 
intermediate 3. The steric hindrance of the terphenyl groups prevents undesired one-shot borylation at unreactive positions, thus 
enhancing the overall yield of the target product. Subsequently, Buchwald-Hartwig coupling reactions were employed to generate 
precursors 6 and 7. Finally, the desired products, DTPF-ν-DABNA and DTP-ν-DABNA, were obtained via a one-shot borylation reaction 
at 200 °C. Both emitters demonstrate acceptable synthetic yields exceeding 50%, indicating that scaling up to commercial production 
would be easily achievable. All products were characterized by MALDI-TOF-MS and nuclear magnetic resonance 
(Figure S1,S2,S3,S4,S5). TGA reveals high decomposition temperatures for both molecules (Figure S6), measuring at 535 and 524 °C 
respectively, indicating excellent thermal and morphological stability.

Figure 1. Synthetic route for DTPF-ν-DABNA and DTP-ν-DABNA.

To understand the influence of introducing terphenyl groups on the molecular structure and packing modes, single crystals of 
DTPF-ν-DABNA and DTP-ν-DABNA were obtained by slow evaporation of a mixture of ethanol and dichloromethane. The crystal 
structures were characterized using X-ray diffraction measurements (Table S1). Figure 2 reveals that the introduction of terphenyl 
groups increases the distortion in both DTPF-ν-DABNA and DTP-ν-DABNA. In DTP-ν-DABNA, the twisting angles between planes A2 
and B2, as well as between planes C2 and D2, exceed 50°, indicating enhanced structural flexibility due to the introduction of 
terphenyl groups. In DTPF-ν-DABNA, the additional fluorine atoms along with the terphenyl groups further increase steric hindrance, 
resulting in twisting angles between planes A1 and B1, as well as between planes C1 and D1, reaching 59.83° and 59.03°, respectively. 
The distorted molecular structures caused by the introduction of terphenyl groups also lead to looser stacking in the single crystals. 
The presence of terphenyl groups increases the distance between planes, with maximum interplanar distances exceeding 8.00 Å in 
both DTPF-ν-DABNA and DTP-ν-DABNA (Figure S7). This impedes the contact between emitting planes and effectively suppresses 
aggregation-caused quenching. In the stacking of DTPF-ν-DABNA single crystals, the molecular arrangement is looser compared to 
DTP-ν-DABNA, with an intermolecular distance of 8.66 Å. This advantageous arrangement inhibits intermolecular interactions and 
enhances the molecule’s resistance to aggregation. These findings demonstrate that the introduction of terphenyl groups induces a 
twisted molecular structure, which reduces the π-π stacking between the large planar structures in the solid state and minimizes 
energy losses due to face-to-face contacts.
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Figure 2. Crystal structures and calculation results of (a), (c) DTPF-ν-DABNA and (b), (d) DTP-ν-DABNA.

Extensive analyses of the molecular orbitals using DFT at the PBE0-6-31G (d, p) level were also conducted. The analysis revealed that 
the frontier molecular orbitals primarily localized on the MR core, as shown in Figure 2. The calculated values for the 
HOMO/LUMO/bandgap were -4.88/-1.27 eV for DTPF-ν-DABNA and -4.80/-1.22 eV for DTP-ν-DABNA. This indicates that the MR effect 
is not significantly influenced by the presence of the distorted terphenyl groups. However, it was observed that the LUMOs slightly 
extend onto the terphenyl groups in both compounds. Moreover, after replacing diphenylamine with terphenyl groups (Figure 3 and 
Figure S8), the bandgap becomes narrower, which may result in a redshift in the spectra of DTPF-ν-DABNA and DTP-ν-DABNA. 
Additionally, the introduction of electron-withdrawing fluorine atoms[32,39] slightly deepens the HOMO energy by 0.08 eV, thereby 
increasing the bandgap. As a result, it is possible that DTPF-ν-DABNA exhibits a blue shift compared to DTP-ν-DABNA in terms of its 
emission peak. The results of the excited states calculations indicate that the S1/T1 energies for DTPF-ν-DABNA and DTP-ν-DABNA are 
2.93/2.51 eV and 3.00/2.60 eV, respectively. The holes and electrons are both distributed on the corresponding atoms, and the 
distribution of holes and electrons in S1 and T1 is similar (Figure S8). Furthermore, the excited-state calculations also reveal that the 
ΔEST for DTPF-ν-DABNA and DTP-ν-DABNA was larger than that of ν-DABNA (Figure S9).

Figure 3. (a) Absorption and fluorescence spectra of DTPF-ν-DABNA in dilute toluene solution (10-5 mol L-1) at room temperature; (b) Fluorescence and phosphorescence 

spectra of DTPF-ν-DABNA in dilute toluene solution (10-5 mol L-1) at 77 K; (c) Transient spectra of 2 wt% DTPF-ν-DABNA in PPF; (d) Absorption and fluorescence spectra of 

DTP-ν-DABNA in dilute toluene solution (10-5 mol L-1) at room temperature; (e) Fluorescence and phosphorescence spectra of DTP-ν-DABNA in dilute toluene solution 

(10-5 mol L-1) at 77 K; (f) Transient spectra of 2 wt% DTP-ν-DABNA in PPF, showing the charge transfer (ICT) effect. PPF: 3,3'-di(9H-carbazol-9-yl)-1,1'-biphenyl.
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Subsequently, we estimated the energy levels of DTPF-ν-DABNA and DTP-ν-DABNA using differential pulse voltammetry (DPV) and 
cyclic voltammetry (CV) under a nitrogen atmosphere (Figure S10). The oxidation potential and reduction potential were determined 
from the first oxidation peak and first reduction peak in the DPV curves, respectively. The calculated HOMO and LUMO levels for 
DTPF-ν-DABNAwere -5.03 eV and -2.23 eV, while those for DTP-ν-DABNA were -4.98 eV and -2.36 eV, respectively. These results are 
consistent with the trends observed in the DFT calculations.

The photophysical properties of DTPF-ν-DABNA and DTP-ν-DABNA in solution are shown in Figure 3. In toluene at room temperature, 
both emitters exhibit symmetric absorption and emission spectra with minimal stokes shift and extremely narrowband emission 
(FWHM = 16/17 nm). This suggests the presence of non-bonding HOMO and LUMO in the molecules and the suppression of vibrational 
coupling in the S1-S0 transition. Additionally, the introduction of terphenyl groups enhances the intramolecular interactions.

Compared to ν-DABNA (λPL = 468 nm), both DTPF-ν-DABNA and DTP-ν-DABNA exhibit significant redshifts in their emission peaks, 
measured at 484 nm and 474 nm, respectively, which are consistent with theoretical calculations. Notably, DTP-ν-DABNA shows a 
larger redshift of 16 nm, while DTPF-ν-DABNA only experiences a redshift of 6 nm due to the presence of four electron-withdrawing 
fluorine atoms, which deepen the HOMO energy and enhance the bandgap (Table 1). Furthermore, pronounced solvatochromic 
effects were observed in both molecules (Figure S11 and Table S2), indicating the presence of significant charge transfer properties. 
To estimate the S1 and T1 states, low-temperature fluorescence and phosphorescence spectra of DTPF-ν-DABNA and DTP-ν-DABNA in 
toluene were further measured at 77 K. The calculated S1/T1 energies for DTPF-ν-DABNA were 2.59/2.49 eV, and for DTP-ν-DABNA, 
they were 2.53/2.43 eV. From these values, it can be determined that both molecules have ΔEST values of 0.1 eV, indicating the 
presence of TADF characteristics.

Table 1. Summary of the physical and photophysical properties of DTP-ν-DABNA and DTPF-ν-DABNA.

Compound
λAbs

(a) 

(nm)

λPL
(a) 

(nm)

FWHM(a) 

(nm)

S1/T1
(b) 

(eV)

ΔE ST
(c) 

(eV)

HOMO/LUMO(d) 

(eV)

E g
(e )  

(eV)

PLQY(f) 

(%)

T d
(g)  

(°C)

ν-DABNA[21,30] 457 468 14 2.73/2.71 0.02 -5.28/-2.64 2.64 83.7 440

4F-ν-DABNA[32] 447 457 14 2.84/2.79 0.05 -5.66/-3.03 2.63 90.2 520

DTPF-ν-DABNA 463 474 16 2.59/2.49 0.1 -5.03/-2.23 2.8 99.2 535

DTP-ν-DABNA 473 484 17 2.53/2.43 0.1 -4.98/-2.36 2.62 95.5 524

(a) Photoluminescence maximum emission and full width at half maximum measured in toluene solution; (b) Singlet and triplet energies estimated from the first peak of 
fluorescent and phosphorescent spectra in toluene matrix at 77 K; (c) ΔEST = S1 - T1, (d) HOMO and LUMO obtained from cyclic voltammetry; (e) Eg = LUMO - HOMO; (f) PLQY in 
2 wt% of doped film (1 wt% ν-DABNA in DOBNA-OAr and 3 wt% 4F-ν-DABNA in DBFPO); (g) Decomposition temperature corresponding to 5% weight loss from TGA 
measurement. PLQY: photoluminescence quantum yield; LUMO: lowest unoccupied molecular orbital; HOMO: highest occupied molecular orbital; TGA: thermogravimetric 
analysis.

We further investigated the photophysical properties of DTPF-ν-DABNA and DTP-ν-DABNA in thin films. Even when doped at a 
concentration of 2% in a 3,3'-di(9H-carbazol-9-yl)-1,1'-biphenyl (PPF) film, DTPF-ν-DABNA, and DTP-ν-DABNA exhibited relatively 
narrow fluorescence spectra at 482 nm and 491 nm, with FWHM values of 19 nm and 23 nm, respectively (Figure S12). However, 
compared to their performance in toluene solution, a slight broadening and redshift were observed. Furthermore, both doped films 
of DTPF-ν-DABNA and DTP-ν-DABNA achieved high PLQY values of 99.2% and 95.5%, respectively. They also displayed short decay 
lifetimes and fast kRISC in transient photoluminescence decay measurements, reflecting significant TADF characteristics. The main 
kinetic parameters of DTPF-ν-DABNA and DTP-ν-DABNA are shown in Table S3. We also conducted transient spectra testing for 
DTPF-ν-DABNA and DTP-ν-DABNA at different temperatures (Figure S12). It was observed that the delayed component gradually 
increased as the temperature rose from 77 to 300 K, demonstrating the TADF characteristics.

To further explore the device performance of these two MR-TADF emitters, devices based on DTPF-ν-DABNA and DTP-ν-DABNA were 
fabricated. The device structure was as follows: ITO/HAT-CN (10 nm)/TAPC (40 nm)/TCTA (10 nm)/mCP (10 nm)/ x wt% emitter in PPF 
(20 nm)/TmPyPb (40 nm)/Liq (2 nm)/Al (80 nm). Indium tin oxide (ITO) and aluminum (Al) were used as the anode and cathode, 
respectively. 1,4,5,8,9,11-hexaazaterphenylene hexacarbonitrile (HAT-CN) served as the hole-injection layer, while 
1,1-bis[(di-4-tolylamino)phenyl]cyclohexane (TAPC) and tris(4-carbazolyl-9-ylphenyl)amine (TCTA) functioned as hole-transporting 
layers. 1,3-di(9H-carbazol-9-yl)benzene (mCP) acted as the electron-blocking layer, and PPF was used as the host material for the 
emitters. 1,3,5-tri[(3-pyridyl)phen-3-yl]benzene (TmPyPB) served as the electron-transporting layer. 8-hydroxyquinolinato lithium 
(Liq) was employed as the electron-injection layer. The energy level diagram and molecular structures of the aforementioned 
materials can be found in Figure S13.

As shown in Figure 4, DTPF-ν-DABNA and DTP-ν-DABNA achieved narrow emission peaks at 493 and 480 nm, respectively, with a 
FWHM of 22 and 21 nm. The CIE coordinates were (0.089, 0.225) and (0.068, 0.393) for DTPF-ν-DABNA and DTP-ν-DABNA, respectively. 
Both emitters exhibited device efficiencies exceeding 30%, with the maximum EQE of DTPF-ν-DABNA reaching 36.0% (Figure 4 and 
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Figure S14). Although the efficiency decreased with increasing doping concentration, this is a common issue for molecules with large 
planar structures (Table S4,S5). However, even with higher doping concentrations, DTPF-ν-DABNA and DTP-ν-DABNA maintained 
narrow emission spectra, indicating that the introduction of terphenyl groups did not disrupt their inherent rigid structures. When 
the doping concentration was increased from 2 wt% to 5 wt%, DTPF-ν-DABNA still maintained an EQE of 34.2% (Table 2). This can be 
attributed to the increased steric hindrance provided by the terphenyl and fluorine atoms, which more effectively suppress 
aggregation. Under the condition of a 10 wt% doping concentration, both DTPF-ν-DABNA and DTP-ν-DABNA exhibited EQE exceeding 
20%, demonstrating that the terphenyl groups, as steric hindrance moieties, can to some extent enhance the molecule’s resistance to 
aggregation. However, compared to ν-DABNA, these two materials exhibit severe efficiency roll-off (Table S4), which is attributed to a 
lower kRISC (Table S3) than that of ν-DABNA (2.0 × 105 s-1). Additionally, we have also conducted lifetime testing for DTPF-ν-DABNA and 
DTP-ν-DABNA, as shown in Figure S15.

Figure 4. EL characteristics of devices based on DTPF-ν-DABNA and DTP-ν-DABNA: (a), (d) EL spectra; (b), (e) Current density and luminance versus voltage characteristics; (c), 

(f) EQE-luminance curves. EL: electroluminescence.

Table 2. Summary of OLED device performance utilizing DTPF-ν-DABNA and DTP-ν-DABNA

Dopant
x 

(wt%)

V ( a )  

(V)

λ (b )  

(nm)

FWHM(c) 

(nm)

CE(d) 

(cd A-1)

PE(e) 

(lm W-1)

EQE(f) 

(%)

Luminance(g) 

(cd/m2)

CIE(h) 

(x , y )

2 3.1 480 21 40.0 40.5 36.0 1783 (0.092, 0.216)

5 3.1 480 21 40.0 40.4 34.2 1993 (0.091, 0.223)

DTPF-ν-DABNA

10 3.1 480 21 30.0 30.4 24.6 1672 (0.090, 0.238)

2 3.1 492 22 50.0 50.0 31.5 2835 (0.071, 0.380)

5 3.1 492 22 44.9 43.7 25.6 3023 (0.070, 0.411)

DTP-ν-DABNA

10 3.1 492 22 40.0 40.8 22.7 2749 (0.076, 0.432)

(a): Onset voltages at current density of 0.01 mA cm-2; (b): electroluminescence peak wavelength; (c): full-width at half-maximum; (d): maximum current efficiency; 
(e): maximum power efficiency; (f): maximum external quantum efficiency; (g): maximum luminance; (h): commission Internationale de l'Eclairage coordinates, recorded at 
40 mA cm-2.

4. Conclusion
In summary, we designed a strategy to increase molecular distortion by incorporating terphenyl groups onto the diboron-based MR 
emitting core. This modification can increase the degree of molecular distortion, enabling efficient and narrowband emission in 
devices. The introduction of terphenyl groups imparts unique twisting structures to the molecules, with torsion angles exceeding 50° 
between the terphenyl and diboron core. Both DTPF-ν-DABNA and DTP-ν-DABNA exhibit intermolecular distances of over 4 Å in 
single stacks, indicating enhanced π-π interaction suppression conferred by the incorporation of terphenyl groups. In terms of 
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device performance, DTPF-ν-DABNA and DTP-ν-DABNA both demonstrate superior characteristics. The EQEmax of DTPF-ν-DABNA and 
DTP-ν-DABNA exceeds 30%, maintaining an EQE above 20.0% even at a doping concentration of 10 wt%. Furthermore, there is no 
change in the FWHM or redshift in the electroluminescence spectra of DTPF-ν-DABNA and DTP-ν-DABNA when the doping 
concentration increases from 2 wt% to 10 wt%. This suggests that the terphenyl-encapsulated DTPF-ν-DABNA and DTP-ν-DABNA are 
less sensitive to doping concentration. Moreover, this strategy can be extended to other luminescent materials such as nitrogen 
carbonyl systems and indolo[3,2,1-jk]carbazole systems to suppress aggregation and achieve narrowband emission at different 
doping concentrations, thereby enhancing material performance.

Supplementary materials
The supplementary material for this article is available at: Supplementary materials.
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