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A B S T R A C T

In this research, two innovative bipolar host materials, DMID-BP and BFCz-BP, were strategically designed and 
synthesized, marking the first application of these materials in red and green phosphorescent organic light- 
emitting diodes. Both compounds exhibit remarkable bipolar carrier transport properties, well aligned HOMO 
and LUMO levels, and exceptional thermal stability, with Tg value of 185 ◦C and 171 ◦C, respectively. The red 
and green Phosphorescent Organic Light-Emitting Diodes (PhOLEDs) fabricated with these two materials 
demonstrate high light-emitting efficiency along with low efficiency roll-off. Notably, R1 device, utilizing DMID- 
BP as the host material, achieves an impressive maximum external quantum efficiency (EQEmax) of 23.68 %, 
significantly surpassing most conventional host materials reported to date. Additionally, the R2 device, based on 
BFCz-BP, also attains a high EQEmax of 20.26 %. Consequently, all the results underscore the significant potential 
of these two host materials for applications in both red and green PhOLEDs.

1. Introduction

Following the discovery of a semiconductor molecule that emits light 
under an electric field in 1987, research on organic light-emitting diodes 
(OLEDs) has been progressing so far [1]. Nowadays, OLEDs have drawn 
widespread interest because of their potential applications in solid-state 
illumination and full-color information display technologies [2–5]. 
During the electroluminescence process, electron-hole capture generates 
25 % singlet and 75 % triplet excitons. However, traditional fluorescent 
OLEDs only use singlet excitons for light emission, leading to a very low 
Internal Quantum Efficiency (IQE) [6,7]. To overcome this limitation, 
phosphorescent OLEDs (PhOLEDs) were developed, which leverage the 
spin–orbital coupling effects introduced by heavy metals, enabling the 
harvesting of both singlet and triplet excitons and achieving a theoret
ical IQE of up to 100 % [8,9]. Despite this advantage, phosphorescent 
emitters still face challenges such as triplet-triplet annihilation (TTA) 

and triplet-polaron quenching (TPQ) at high concentrations or increased 
luminance [10]. These issues arise from the extended lifetime of triplet 
excitons, thereby constraining the practical application of these mate
rials [11–14]. Fortunately, the host-guest system has been developed to 
address these concerns, incorporating both electron donor (D) and 
acceptor (A) fragments into the emitters to confer bipolar-transporting 
characteristics [15,16]. In comparison to unipolar hosts, where the 
recombination zone within the emitting layer (EML) is often confined 
and shifting to the interface near the electron transport layer (ETL) or 
hole transport layer (HTL), bipolar hosts exhibit more balanced hole and 
electron transport properties that can effectively suppress the previously 
mentioned efficiency loss and prevent efficiency roll-off at high lumi
nance [17–20]. Thus, a suitable host material for PhOLEDs must fulfill 
specific criteria: Firstly, its triplet energy level (ET) should exceed that of 
the guest emitter to evade undesirable reverse energy transfer, effec
tively confining triplet excitons within the guest molecules. 
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Furthermore, it should demonstrate a high and well-balanced charge-
carrier mobility to optimize electron-hole recombination. Additionally, 
proper alignment of the frontier molecular orbital energy levels is 
essential for minimizing the driving voltage. Finally, excellent thermal 
and morphological stability is required to extend the operational life
span of the devices [21–23].

To fulfill these requirements, bipolar host materials featuring a 
donor-π-acceptor (D-π-A) structure have been rationally designed in 
PhOLEDs. In this structure, the π-conjugated system serves as a bridge 
between the hole and electron transport units to facilitate bipolar charge 
transfer with proper carrier balance [24]. Among the D-π-A system, 
donor-type carbazole structure is widely recognized as a preferred hole 
transport units for developing bipolar host materials, owing to its 
exceptional hole-transporting properties, high energy transfer (ET) and 
excellent thermal stability [25]. Furthermore, acceptor units with 
electron-transporting property, including triazine, pyridine, and benz
imidazole are commonly used in various OLEDs with high-performance 
[26]. However, achieving balanced charge transport is still a challenge. 
For example, hole mobility in hole-transport materials, especially those 
based on carbazole, are several orders of magnitude higher than their 
electron-transporting counterparts. Previous research has predomi
nantly focused on improving electron mobility on the 
electron-transporting units on the D-π-A compound. However, to opti
mize overall device performance, it is imperative to design new 
hole-transporting unit that rival the efficiency of the leading 
electron-transporting materials<b.></b> The 7,7-dimethyl-5,7-dihy
droindeno [2,1-b]carbazole (DMID) unit has shown excellent potential 
as hole-transporting materials due to its exceptional chemical, thermal, 
photochemical stability, as well as its ability to minimize undesirable 
nonradiative emission [27,28]. Besides, the electron-donating methyl 
groups attached to the indolocarbazole unit slightly elevate the highest 
occupied molecular orbital (HOMO) level, thereby facilitating hole in
jection and transport in OLED devices. Similarly, benzofurocarbazole 
has proven to be a more effective hole-transporting moiety than carba
zole, owing to the electron-donating oxygen atom in the furan ring and 
its superior thermal stability, both of which contribute to enhanced 
quantum efficiency [29,30]. Consequently, both moieties serve as po
tential hole-transporting material for constructing bipolar hosts with 
D-π-A structure. Meanwhile, benzimidazole-hybridized phenanthridine 
unit has recently been adopted as an electron-transport moiety owing to 
its demonstrated efficacy as red bipolar host materials and good thermal 
stability [31].

In this research, two novel bipolar host materials, 7-(4-(7,7-dime
thylindeno [2,1-b]carbazol-5(7H)-yl)phenyl)benzo [4,5]imidazo [1,2-f] 
phenanthridine (DMID-BP) and 5-(4-(benzo [4,5]imidazo [1,2-f] 
phenanthridin-7-yl)phenyl)-5H-benzofuro [3,2-c]carbazole(BFCz-BP), 
were designed and synthesized by employing the aforementioned hole- 
transporting units. Both DMID-BP and BFCz-BP, demonstrate excep
tional thermal stability, characterized by glass transition temperatures 
(Tg) exceeding 170 ◦C. Additionally, their high ET and appropriate 
HOMO and LUMO levels further qualify them as ideal host materials for 
practical applications. Red and green PhOLEDs utilizing the two mate
rials present overall outstanding electroluminescence (EL) performance. 
Notably, the red PhOLED hosted by DMID-BP achieved a high maximum 
external quantum efficiency (EQEmax) value of 23.68 %, probably due to 
its superior electron mobility.

2. Experimental section

2.1. Synthesis and characterization

2.1.1. Synthesis of 2-(4-chloro-2′-fluoro-[1,1′-biphenyl]-2-yl)-1H-benzo[d] 
imidazole (IN1)

4-chloro-2′-fluoro-[1,1′-biphenyl]-2-carbaldehyde (20.0 g, 85.24 
mmol), benzene-1,2-diamine (11.1 g, 102.28 mmol) and sodium bisul
fite (97.56 g, 937.56 mmol) were sequentially introduced in a three- 

necked flask. Thereafter, 800 mL of water was poured in the flask. 
Then stirring the mixture to reflux under nitrogen (N2) atmosphere for 
2.5 h. After cooling, the crude product was isolated via diafiltration. 
Then the mixture underwent purification through column chromatog
raphy, employing silica gel as the stationary phase and a PE/DCM (5:1, 
v/v) mixture used for eluent, yielding 12 g of white solid with a 60 % 
yield.

2.1.2. Synthesis of 7-chlorobenzo [4,5]imidazo [1,2-f]phenanthridine 
(IN2)

IN1 (12 g, 37.18 mmol), K2CO3 (15.4 g, 111.54 mmol) and DMF 
(120 mL) were sequentially introduced in a three-necked flask. 
Following this, stirring the mixture to reflux under nitrogen (N2) at
mosphere for 4 h (120 ◦C). After cooling and filtering, the white solid 
product underwent purification through column chromatography, 
employing silica gel as the stationary phase and a PE/DCM (4:1, v/v) 
mixture as the eluent, yielding 10.2 g of white solid with an 89 % yield.

2.1.3. Synthesis of 5-(4-bromophenyl)-7,7-dimethyl-5,7-dihydroindeno 
[2,1-b]carbazole (IM1)

7,7-dimethyl-5,7-dihydroindeno [2,1-b]carbazole (10.0 g, 35.28 
mmol),1,4 dibromobenzene (33.2 g, 141.16 mmol), K2CO3 (14.6 g, 
105.86 mmol), CuI(3.4 g, 17.64 mmol) and 200 mL DMAC were intro
duced in a three-necked flask respectively. Then stirring the mixture to 
reflux under nitrogen (N2) atmosphere for 2 h (160 ◦C). After cooling 
and filtering, the white solid product underwent purification through 
column chromatography, employing silica gel as the stationary phase 
and a PE/DCM (5:1, v/v) mixture used for eluent, yielding 13.6 g of 
white solid with an 88 % yield.

2.1.4. Synthesis of 5-(4-bromophenyl)-5H-benzofuro [3,2-c]carbazole 
(IM2)

5H-benzofuro [3,2-c]carbazole(10 g, 38.86 mmol), 1,4dibromo
benzene(36.8 g, 155.56 mmol), K2CO3 (16.2 g, 116.58 mmol), CuI(3.8 g, 
19.44 mmol) and 200 mL DMAC were introduced in a three-necked flask 
respectively. Then stirring the mixture to reflux under nitrogen (N2) 
atmosphere for 2 h (160 ◦C). After cooling and filtering, the white solid 
product underwent purification through column chromatography, 
employing silica gel as the stationary phase and a PE/DCM (5:1, v/v) 
mixture used for eluent, yielding 13.8 g of white solid with an 87 % 
yield.

2.1.5. Synthesis of 7,7-dimethyl-5-(4-(4,4,5,5-tetramethyl-1,3,2-dioxa
borolan-2-yl)phenyl)-5,7-dihydroindeno [2,1-b]carbazole (IM3)

In a three-necked flask, a mixture containing IM1 (13.6 g, 31.02 
mmol), 4,4,4′,4′,5,5,5′,5′-octamethyl-2,2′-bi(1,3,2-dioxaborolane) (9.4 g, 
37.22 mmol), KOAc (6.2 g, 62.04 mmol) and Pd(PPh3)2Cl2 (0.4 g, 0.58 
mmol) was prepared. Redistilled toluene (200 mL) was subsequently 
poured in the mixture, then stirring the mixture to reflux under nitrogen 
(N2) atmosphere for 5 h. Following this, the mixture was hot-filtered 
utilizing silica gel column and subsequently concentrated to dryness, 
resulting in a white solid. (11 g,78 %)

2.1.6. Synthesis of 5-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) 
phenyl)-5H-benzofuro [3,2-c]carbazole (IM4)

In a three-necked flask, a mixture containing IM2 (13.8 g, 33.72 
mmol), 4,4,4′,4′,5,5,5′,5′-octamethyl-2,2′-bi(1,3,2-dioxaborolane) (10.2 
g, 40.46 mmol), KOAc (6.6 g, 67.42 mmol) and Pd(PPh3)2Cl2 (0.4 g, 
0.58 mmol) was prepared. Redistilled toluene (200 mL) was subse
quently poured in the mixture, then stirring the mixture to reflux under 
nitrogen (N2) atmosphere for 5 h. Following this, the mixture was hot- 
filtered utilizing silica gel column and subsequently concentrated to 
dryness, resulting in a white solid. (11.8 g, 77 %)
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2.1.7. Synthesis of 7-(4-(7,7-dimethylindeno [2,1-b]carbazol-5(7H)-yl) 
phenyl)benzo [4,5]imidazo [1,2-f]phenanthridine (DMID-BP)

The reactants IN2(5 g, 16.51 mmol), IM3(8.4 g, 17.34 mmol), 
K2CO3(3.42 g, 24.76 mmol), toluene (30 mL), ethanol (15 mL), H2O (15 
mL), catalyst Pd(OAc)2 (0.15 g, 2 wt%) and X-phos (0.30 g,4 wt%) were 
introduced in a three-necked flask. Then stirring the mixture to reflux 
under nitrogen (N2) atmosphere for 2 h. After cooling, filtration, 

recrystallization, washing and drying, the resulting pure product was a 
white powder. The final solid was 9.3 g, representing an 90 % yield.

2.1.8. Synthesis of 5-(4-(benzo [4,5]imidazo [1,2-f]phenanthridin-7-yl) 
phenyl)-5H-benzofuro [3,2-c]carbazole (BFCz-BP)

The reactants IN2(5 g, 16.51 mmol), IM4(7.9 g, 17.34 mmol), 
K2CO3(3.42 g, 24.76 mmol), toluene (30 mL), ethanol (15 mL), H2O (15 

Scheme 1. Procedure for the synthesis of DMID-BP and BFCz-BP.

Fig. 1. Results from TGA (a) and DSC (b) on DMID-BP and BFCz-BP.
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mL), catalyst Pd(OAc)2 (0.15 g, 2 wt%) and ligand X-phos (0.30 g,4 wt 
%) were introduced in a three-necked flask. Then stirring the mixture to 
reflux under nitrogen (N2) atmosphere for 2 h. After cooling, filtration, 
recrystallization, washing and drying, the resulting pure product was a 
white powder. The final solid was 8.7 g, representing an 88 % yield.

3. Results and discussions

3.1. Synthesis and characterization

The synthesis route of DMID-BP and BFCz-BP are shown in Scheme 1. 
The successful synthesis of the two target compounds was accomplished 
through the Suzuki coupling reaction, with a subsequent straightfor
ward purification. All products were comprehensively characterized 
using 1H nuclear magnetic resonance (1H NMR), 13C NMR, and mass 
spectrometry (MS). The results are presented in Fig. S1–15.

3.2. Thermal properties

Excellent thermal stability of OLED materials plays a key role in the 

formation of high-quality thin films, which in turn enhances the device 
stability. Thermogravimetric analysis (TGA) and differential scanning 
calorimetry (DSC) were employed to determine the thermal degradation 
temperature (Td, weight loss of 5 %) and glass transition temperature 
(Tg) of the two compounds, thereby assessing their thermal robustness. 
Fig. 1 presents the corresponding TGA and DSC results, and the pertinent 
data are outlined in Table 1. Both DMID-BP and BFCz-BP demonstrate 
high thermal stability, characterized by Td of 455 ◦C and 488 ◦C, 
respectively. Compared to the previously reported benzimidazole- 
hybridized phenanthridine-based (BP-based) emitting materials, these 
values are considerably higher. The enhanced thermal stability of 
DMID-BP and BFCz-BP can be attributed to their larger planar rigid 
structures in the hole transport units, which effectively improve the 
morphological stability of these compounds. Concurrently, the Tg for 
DMID-BP and BFCz-BP, is determined from their DSC curves, as 185 ◦C 
and 171 ◦C, respectively. The superior thermal properties of DMID-BP 
and BFCz-BP are deemed sufficient for practical applications.

Table 1 
Properties of DMID-BP and BFCz-BP.

Compound λa abs,max (nm) λa PL (nm) λa Phos (nm) Ec T(eV) Eb g(eV) HOMOd(eV) LUMOe(eV) Tf d(◦C) Tf g(◦C)

DMID-BP 302 431 492 2.52 3.21 − 5.51 − 2.30 455 185
BFCz-BP 353 413 489 2.53 3.24 − 5.71 − 2.47 488 171

a Tests were conducted in a tetrahydrofuran (THF) solution (1 × 10− 5 M), with the results sourced from UV–vis absorption, photoluminescence (PL), phospho
rescence spectra.

b Determined by the onset of absorption spectra, Eg = 1241/λonset.
c ET determined by phosphorescence spectra at 77 k.
d HOMO energy levels computed using EHOMO = − (Eox onset+4.4).
e LUMO energy levels computed using ELUMO = EHOMO + Eg.
f Measured through DSC and TGA tests.

Fig. 2. (a) UV–Vis and PL spectra in THF; (b) DMID-BP and (c) BFCz-BP PL spectra in solvents with different polarities, along with (d)low-temperature phos
phorescence spectra (2-Me-THF). Measurement concentration: 10− 5 M.
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3.3. Photophysical properties

The ultraviolet–visible (UV–vis) absorption and photoluminescence 

(PL) spectra of compounds DMID-BP and BFCz-BP in tetrahydrofuran, 
low-temperature phosphorescence spectra recorded at 77 K, are pre
sented in Fig. 2. The UV–vis absorption spectrum of BFCz-BP displayed 
well-defined and sharp peaks (Fig. 2 a). The two absorption bands of 
both compounds around 300 nm were ascribed to local π-π* transitions. 
In the absorption spectrum of the BFCz-BP, the phenyl carbazole skel
eton exhibits a sharp peak between 325 nm and 360 nm, whereas in 
DMID-BP, it appears as a shoulder peak. In tetrahydrofuran solution, 
both compounds exhibit blue fluorescence, with an obvious emission 
peak around 436 nm. Based on the absorption onset, it was determined 
that the optical energy gaps (Eg) of DMID-BP and BFCz-BP were 3.21 eV 
and 3.24 eV, respectively. The influence of solvent polarity on DMID-BP 
and BFCz-BP was examined using their PL spectra to further explore the 
nature of their excited states (Fig. 2b and c). As the solvent polarity 
increases, a notable redshift is observed in the maximum absorption 
peaks, shifting from 380 nm to 480 nm and from 380 nm to 450 nm, 
respectively. The more significant redshift observed for DMID-BP 
compared to BFCz-BP in DCM suggests a stronger intramolecular 
charge transfer (ICT) effect, which can be explained by the better 
electron-donating capability of the indolocarbazole unit over the ben
zofurocarbazole unit. In addition, with the increase in solvent polarity, 
the fine construction of the PL spectra slowly diminishes, and the full 
width at half maximum (FWHM) broadens. This behavior further sup
ports the conclusion that both compounds exhibit ICT characteristics. 
Furthermore, the phosphorescence spectra (Fig. 2 d) of DMID-BP and 
BFCz-BP were measured at 77 K to determine their ET. The calculated ET 

Fig. 3. HOMO, LUMO distribution and bandgap of DMID-BP and BFCz-BP.

Fig. 4. CV curves of DMID-BP and BFCz-BP.
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values for both materials were found to be 2.52 eV and 2.53 eV, 
respectively, making them promising candidates for host-guest doping 
structures in red PhOLEDs.

3.4. Theoretical calculations and electrochemical properties

Density functional theory (DFT) calculations at the B3LYP/6-31G(d) 
level using Gaussian 09 were conducted to have a comprehension on the 
electronic properties of DMID-BP and BFCz-BP [32]. These two com
pounds exhibit nearly identical HOMO and LUMO distributions. As 
shown in Fig. 3, the LUMO is primarily localized on the BP unit, with 
slightly delocalization extending to the adjacent phenyl group. As for the 
HOMO, the primary location of it is on the indolocarbazole unit in 
DMID-BP and on the benzofurocarbazole unit in BFCz-BP. The distinct 
separation of HOMO and LUMO levels enables efficient mobility of both 
holes and electrons, making DMID-BP and BFCz-BP promising bipolar 
host materials [33].

Charge carrier transport in OLEDs involves repeated oxidation and 
reduction processes of the materials. Thus, cyclic voltammetry (CV) was 
used to examine the electrochemical properties of DMID-BP and BFCz- 
BP in DCM solutions (see Fig. 4). Based on the onset potential of their 
first oxidation wave (Eox onset), the HOMO energy levels of the two 
materials were calculated as − 5.51 eV and − 5.71 eV, respectively. The 
LUMO energy levels of DMID-BP and BFCz-BP were determined by 
combining their respective HOMO levels with the Eg, resulting in − 2.30 
eV and − 2.47 eV, respectively.

3.5. Carrier transport properties

Since charge carrier balance within the emitting layer is a critical 
factor for achieving high performance in OLEDs, the charge transport 
capability of DMID-BP and BFCz-BP were evaluated by fabricating hole- 

only devices (HODs) and electron-only devices (EODs). The construction 
of HODs was [ITO/MoO3 (3 nm)/NPB (5 nm)/host (50 nm)/NPB (5 
nm)/Al (80 nm)], while the corresponding configurations for EODs was 
[ITO/TPBi (10 nm)/host (45 nm)/TPBi (10 nm)/LiF (10 nm)/Al (80 
nm)]. Seen from Fig. 5, all single-carrier devices exhibited a high current 
density at low voltage, demonstrating that both compounds possess 
excellent bipolar characteristics. It is noteworthy that DMID-BP 
demonstrated stronger hole-transporting ability compared to BFCz-BP. 
It is probably because the two methyl units in DMID, which are attached 
an aromatic ring. These methyl groups can raise the HOMO energy level 
by donating electron density to the π-system thus lead to an improved 
hole injection and transport in OLED devices. However, BFCz-BP 
generally exhibits more balanced hole- and electron-transporting 
properties.

3.6. Electroluminescence properties

The electroluminescent (EL) performance of four diodes is presented 
in Figs. 7 and 8, with the corresponding data compiled in Table 2.

3.6.1. Red PhOLEDs based on DMID-BP and BFCz-BP
To estimate the electroluminescent(EL) properties of DMID-BP and 

BFCz-BP, red PhOLEDs have been fabricated first. The devices config
uration is as follows: ITO/MoO3 (3 nm)/NPB (40 nm)/TCTA (10 nm)/ 
DMID-BP or BFCz-BP: 5 wt% Ir(piq)2acac (20 nm)/TPBi (40 nm)/LiF (1 
nm)/Al (100 nm). TCTA was used as the electron blocking layer, ITO and 
Al functions as the anode and cathode, respectively. NPB and TPBi are 
acted as hole- and electron-transporting layers, while MoO3 and LiF 
serves as hole-and electron-injection layers, respectively. DMID-BP and 
BFCz-BP were doped with Ir(piq)2acac to fabricate the emitting layer for 
devices R1 and R2, respectively. Diagrams of energy levels for the green 
and red diodes, architecture of the green and red devices along with 
materials’ molecular structures utilized in the devices are depicted in 
Fig. 6.

The EL spectra of red PhOLEDs were investigated, as illustrated in 
Fig. 7 a. Devices R1 and R2 display a strong red emission located at 622 
nm, indicating efficient energy transfer from the host material to the 
emitter and well-confined triplet excitons in the emitting layer (EML). 
Their respective CIE chromaticity coordinates (x, y), (0.661, 0.310) and 
(0.657, 0.308), meet the National Television Systems Committee (NTSC) 
standard requirements. As expected, the two devices demonstrate rela
tively high light-emitting efficiency with minimal roll-off efficiency. 
Notably, the maximum external quantum efficiency (EQEmax) of R1 and 
R2 reaches 23.68 % and 20.26 %, respectively, and these values are 
significantly superior to those reported for majority of red PhOLEDs [34, 
35]. The luminance of R1 reached 52.4 cd/m2 at a voltage of 2.80 V, 
corresponding to its turn-on voltage. Besides, device R1 shows a high 
maximum current efficiency (ηc,max) of 21.20 cd/A, a maximum power 
efficiency (ηp,max) of 23.77 lm/W, and a peak luminance (Lmax) of 
10071.27 cd/m2, while device R2 shows a ηc,max of 18.09 cd/A, a ηp,max 
of 18.63 lm/W, a Lmax of 7153.52 cd/m2 and a Von of 2.92 V. The higher 
EQEmax and lower turn-on voltages of R1 can be ascribed to the 
enhanced hole transport capabilities of DMID-BP at a low driving 
voltage. Additionally, the EQE of R2 reaches 19.18 % at a luminance of 

Fig. 5. J-V profiles of HODs, EODs for DMID-BP and BFCz-BP.

Table 2 
Red and green device EL characteristics.

Device λa EL(nm) Vb on(V) EQEc max(%) ηc c,max(cd/A) ηc p,max(Im/W) Lc max(cd/m2) CIEa(x,y)

R1 622 2.80 23.68 21.20 23.77 10071.3 (0.661,0.310)
R2 622 2.92 20.26 18.10 18.63 7153.5 (0.657,0.308)
G1 525 2.80 17.23 65.89 73.88 24061.4 (0.308,0.632)
G2 525 2.93 13.27 49.22 53.21 18521.8 (0.305,0.622)

a EL spectra measured at 5 V.
b Turn-on voltage at 1 cd/m2.
c The maximum external quantum efficiency, current efficiency, power efficiency, and luminance.
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1000 cd/m2, indicating that the device exhibits small efficiency roll-off. 
Furthermore, the meticulously optimized device architecture ensures 
that the HOMO/LUMO energy levels of DMID-BP and BFCz-BP align 
well with those of the neighboring layers. Over time, R2 exhibited a 

slower rate of luminance degradation, which can be attributed to the 
more balanced charge carrier transport properties of BFCz-BP, thereby 
enhancing the device’s operational stability (Fig. S18). In general, 
DMID-BP and BFCz-BP are effective host materials for red PhOLEDs.

Fig. 6. (a) Diagrams of energy levels for the red and green diodes. (b) architecture of the red and green diodes. (c) Materials’ molecular structures utilized in the 
diodes. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

Fig. 7. (a) Normalized EL data (5 V) (b) J–V–L (c) PE–L-CE (d) EQE–L profiles.
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3.6.2. Green PhOLEDs based on DMID-BP and BFCz-BP
Moreover, since DMID-BP and BFCz-BP exhibited excellent perfor

mance in red PhOLEDs, we explored their potential by fabricating green 
PhOLEDs using these two compounds. The device architecture consisted 
of ITO/MoO3 (3 nm)/NPB (40 nm)/TCTA (10 nm)/DMID-BP or BFCz- 
BP: Ir(ppy)3 (7 wt%, 20 nm)/TPBi (40 nm)/LiF (1 nm)/Al (100 nm). 
Fig. 8 illustrates the optoelectronic characteristics of the two devices. 
Under an operating voltage of 5 V, both devices G1 and G2 demonstrate 
maximum emission peaks at wavelengths of 525 nm, with correlative 
CIE coordinates of (0.308, 0.632) and (0.305, 0.622), respectively. 
Additionally, G1 presented pure green electroluminescence with EQEmax 
of 17.23 %. As the driving voltage increases, the EL spectra of the four 
diodes remained almost consistent (Fig. S17), indicating their excellent 
stability during the charge injection process.

4. Conclusion

In summary, two bipolar host materials with a D-π-A structure were 
built, where DMID and BFCz act as the hole-transporting units, benzene 
serves as the π-bridge, and BP functions as the electron-transporting 
moiety. The introduction of DMID and BFCz greatly elevated the ther
mal properties, carrier mobility, and facilitated the achievement of 
suitable HOMO/LUMO energy levels. DFT calculations confirm a 
distinct separation between the HOMO and LUMO levels, indicating that 
the material exhibits commendable bipolar properties and effectively 
facilitates carrier transport within the luminescent layer. More encour
agingly, the red devices based on DMID-BP and BFCz-BP demonstrated 
impressive performance, achieving EQEmax values of 23.68 % and 20.26 
%, respectively. Those results suggest that these bipolar host materials 
based on DMID and BFCz hold significant promise for application in 
OLEDs with ultra-high efficiency.
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