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Abstract： Theoretically， blue phosphorescent materials are capable of achieving 100% internal quantum effi⁃
ciency.  Nevertheless， the mutual constraints among efficiency， color purity， and stability remain one of the 
key bottlenecks in the industrialization of organic light-emitting diodes （OLEDs）.  In addition， the design and 
application of host materials also exert a significant impact on the overall performance of blue light -emitting de⁃
vices.  To address this issue， this study constructs a series of host materials with high triplet energy levels by 
designing different connection modes， based on 9-phenylcarbazole and benzimidazole units.  Through a combi⁃
nation of theoretical and experimental approaches， the correlation between the chemical structure and perfor⁃
mance has been unraveled.  It is found that the designed and synthesized blue phosphorescent bipolar host ma⁃
terials based on different biphenyl linking sites， i. e. ， 9-（3'-（1-phenyl-1H-benzo［d］imidazol-2-yl）-［1，1'-bi⁃
phenyl］-3-yl）-9H-carbazole（mCzmBI）， 9-（2'-（1-phenyl-1H-benzo［d］imidazol-2-yl）-［1，1'-biphenyl］-3-yl）- 
9H-carbazole（mCzoBI） and 9-（3'-（1-phenyl-1H-benzo［d］imidazol-2-yl）-［1，1'-biphenyl］-2-yl）-9H-carbazole
（oCzmBI）.  The three compounds have a similar triplet energy level of 2. 70 eV， accompanied with the glass 
transition temperatures of 92 ℃， 103 ℃， and 93 ℃ respectively.  mCzmBI， mCzoBI and oCzmBI are regioiso⁃
mers， but differ in the linking sites of carbazole and benzimidazole on the biphenyl linker.  This difference in 
linking positions enables effective regulation of the host materials’ properties.  Constructed with the blue phos⁃
phorescent material bis（4，6-difluorophenylpyridinato-N，C2）picolinatoiridium（Ⅲ） （FIrpic） as the guest， the 
influence of the three hosts on device performance is clarified .  Overall， the device using mCzmBI， a host 
linked by biphenyl at double meta-positions， achieved a maximum current efficiency of 24. 9 cd·A−1 and a max⁃
imum external quantum efficiency exceeding 12. 8%， it also demonstrates low efficiency roll-off under high-

brightness conditions.  This work offers an effective strategy to the development of high -efficiency blue phospho⁃
rescent hosts.
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含 9-苯基咔唑与苯并咪唑单元的双极主体材料设计、
合成及其光电性能
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摘要： 蓝色磷光材料理论上可实现 100% 的内量子效率，但其效率、色纯度、稳定性三者之间的相互制约关系

仍是有机发光二极管（OLED）产业化进程中的关键瓶颈之一。此外，主体材料的设计和使用在很大程度上也

影响了蓝光器件的整体性能。为此，本研究以 9-苯基咔唑与苯并咪唑单元为基础，通过设计不同连接方式构

建高三线态能级主体材料，采用理论与实验相结合的方法，探究材料的分子结构、光物理性能及器件应用性

能，揭示其结构与性能之间的关联。实验结果表明，所设计并制备的基于不同联二苯基连接位点的蓝色磷光

双极主体材料（即 mCzmBI、mCzoBI 与 oCzmBI））均具有 2.70 eV 的三线态能级，三者的玻璃化转变温度分别为

92 ℃、103 ℃和 93 ℃。虽然 mCzmBI、mCzoBI 与 oCzmBI 互为同分异构体，但其咔唑基团与苯并咪唑基团在

联苯基团上的连接位点不同，这种连接位点的差异可以很好地实现对主体材料性能的有效调控。以经典蓝

光磷光材料 FIrpic 为客体，分别研究三种主体对器件性能的影响机制。其中，以联二苯基双间位连接的主体

mCzmBI 所构筑的器件最大电流效率达 24.9 cd·A-1，最大外量子效率超过 12.8%，并在高亮度环境下表现出较

低的效率滚降。该研究为高效蓝光磷光主体的开发提供了一种有效的策略。

关 键 词： 蓝色磷光； 有机电致发光； 9-苯基咔唑； 苯并咪唑； 主体材料

1　Introduction
Since the first demonstration of the advantages 

of phosphorescent organic light-emitting diodes 
（PhOLEDs） in 1998, the development of high-per⁃
formance phosphorescent host materials has 
emerged as a core driving force in this research 
field[1].  Theoretically, phosphorescent materials can 
achieve 100% internal quantum efficiency.  Mean⁃
while, driven by the widespread adoption of OLED 
smartphones and the urgent demand for longer bat⁃
tery life, the development of high-efficiency all-phos⁃
phorescent devices has become one of the key focus⁃
es in both academia and industry.  The emissive lay⁃
er structure of PhOLEDs generally contains triplet 
phosphorescent guest and host materials, and the 
physicochemical, electrical, and thermodynamic 
properties of both play a key role in the device per⁃
formance[1].  Bipolar host materials constructed from 
electron-rich and electron-deficient units rank as the 
most optimal phosphorescent host materials for prac⁃

tical use[2-3].  Over the past decades, researchers have 
continuously optimized and refined the design of 
such materials, aiming to bring the performance of 
PhOLEDs to meet the requirements of practical ap⁃
plication.  To date, while phosphorescent host mate⁃
rials for red and green PhOLEDs have grown increas⁃
ingly mature in design and development, the blue 
host-guest system still does not satisfy the rigorous 
industrial requirements for practical applica⁃
tions[3-10].  A major merit of donor/acceptor-type host 
materials resides in their capacity for bipolar charge 
transport, establishing them as a universal approach 
to host material design.  Specifically, in 2020, the re⁃
ported host material SPA-2, 7-F（POPh2）2 achieved 
an ideal balance between hole mobility （8. 2×10−6 
cm2·V−1·s−1） and electron mobility （2×10−4 cm2·V−1·

s−1）.  This balanced transport property stabilizes car⁃
rier injection in the emissive layer, thereby elevating 
the probability of radiative recombination[8,11].  Owing 
to this inherent characteristic, SPA-2, 7-F（POPh2）2 
has been successfully employed in single-layer 
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PhOLEDs, achieving a maximum external quantum 
efficiency of 18%.  Notably, this device architecture 
obviates the requirement for extra functional trans⁃
port layers, thereby facilitating streamlined device 
fabrication and lowering manufacturing costs.

At present, achieving high-efficiency and stable 
blue PhOLEDs remains a key bottleneck that the 
OLED industry must address urgently.  Overall, blue 
OLEDs——regardless of their emission mechanism 
（fluorescence, phosphorescence, thermally activated 
delayed fluorescence, or superfluorescence）[12-15] ——

have consistently been a limiting factor in the ad⁃
vancement of this technology [3,16-22].  For organic mole⁃
cules, high triplet energy and superior bipolar charge 
transport performance typically present an inherent 
incompatibility.  The root cause lies in the introduc⁃
tion of electron-donating （D） and electron-withdraw⁃
ing （A） groups, which tends to initiate intramolecular 
charge transfer; this process in turn reduces the band 
gap and leads to a decline in the triplet energy level.  
Thus, in the development of bipolar host materials 
with high triplet energy levels, developing an effective 
strategy to minimize electronic coupling between D 
and A moieties is of utmost urgency.

For the development of bipolar host materials 
with high triplet energy levels, researchers have de⁃
veloped various strategies, though these methods pri⁃
marily center on suppressing electron transfer be⁃
tween D and A moieties to obtain the target perfor⁃
mance.  In this investigation, we designed three new 
bipolar host materials （mCzmBI, mCzoBI, and oC⁃

zmBI） by utilizing the unique advantage of highly 
twisted molecular conformations.  One of the feature 
characteristics is the introduction of the suitable D 
and A units at the 2,2'- or 2,3'-position of the biphe⁃
nyl linker since carbazole with hole transport ability 
and benzimidazole with electron transport abili⁃
ty[23-24], which provides an effective reference for ex⁃
ploring the effect of different effective conjugation 
degrees and triplet energy levels on the structure-

property relationship of materials.  Notably, mCzm⁃

BI, mCzoBI, and oCzmBI exhibited regioisomeric 
characteristics, with specific differences in the con⁃
nection sites between benzimidazole and 9-phenyl⁃

carbazole.  This structural feature is conducive to 
maintaining high triplet energy levels, thereby hold⁃
ing promise for fabricating PhOLEDs with enhanced 
efficiency.  We conducted a comparative study on 
the thermodynamic, photophysical, and electrochem⁃
ical properties of these three host materials in combi⁃
nation with their molecular structures, and fabricat⁃
ed blue phosphorescent devices using mCzmBI, mC⁃

zoBI, and oCzmBI as hosts, respectively.  The de⁃
vice with mCzmBI exhibited best efficiency with 
lower efficiency roll-off.  The maximum external 
quantum efficiencies of the three blue PhOLEDs 
reached 12. 8%, 8. 4%, and 11. 0%, respectively.
2　Results and Discussion
2. 1　Synthesis and Characterization

Fig. 1 shows the experimental synthesis routes 
and specific synthetic procedures that the synthesis 
of benzimidazole- and carbazole-based phosphores⁃
cent host compounds is straightforward.  All com⁃
pounds can be synthesized in only one to two reac⁃
tion steps from the starting materials to the final 
products （refer to the synthesis and characterization 
section in the SI[25-28]）.  Notably, the last step is the 
classic Suzuki reaction, which affords high yields.  
Although the ortho-substitution increases the steric 
repulsion between groups, the yield still exceeds 
50%.  All host compounds were finally purified us⁃
ing a vacuum sublimator, and the structures of all bi⁃
polar phosphorescent host compounds were charac⁃
terized by 1H-NMR, 13C-NMR, and mass spectrometry.  

Fig.1　Synthetic routes of mCzmBI， mCzoBI and oCzmBI. 
（i） Pd（PPh ₃）₄ ， K2CO3 （2.0 mol·L−1）， protected 
from light for 12 h， 100 ℃
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Owing to the presence of benzimidazole groups, all 
benzimidazole-carbazole-based bipolar phosphores⁃
cent host compounds are highly soluble in common 
solvents, such as dichloromethane, toluene, and chlo⁃
roform.
2. 2　Photophysical Properties

Fig. 2 presents the UV-Vis absorption and fluo⁃
rescence emission spectra of biphenyl-linked carba⁃
zole-based bipolar phosphorescent host compounds 
in dilute dichloromethane solutions.  For absorption 
spectra of these host compounds, all exhibit an ab⁃
sorption in the wavelength range of 250-360 nm, 
with the maximum absorption consistently observed 
at 250 nm of the three compounds.  This absorption 
can be attributed to the n-π* transition of the biphe⁃
nyl moiety.  Additionally, a distinct absorption peak 
appeared at 290 nm, which arose from the n-π* tran⁃
sition within the carbazole segment.  Based on the 
analysis the absorption in the range of 300-360 nm, 
it is clear that, when the biphenyl groups are linked 
at the para position, the corresponding host com⁃
pound showed relatively stronger absorption, com⁃
pared with that with biphenyl linkages at the ortho 

or meta positions.  This phenomenon is ascribed to 
π - π stacking interactions.  Regarding the fluores⁃
cence emission spectra, it is noted that for the 
phosphorescent host compounds synthesized by 
varying the linking position of the biphenyl groups, 
corresponding shoulder peaks are observed at lon⁃
ger wavelengths.  For instance, the compounds 
mCzmBI, mCzoBI, and oCzmBI all exhibited a 
shoulder peak at 362 nm.  This observation indi⁃
cates a certain degree of intramolecular energy 
transfer within the compounds, driven by electron 
push-pull interactions.  Nevertheless, the maxi⁃
mum emission wavelength of all compounds did not 
exceed 450 nm.

Fig. 3 shows the phosphorescence emission 
spectra of benzimidazole- and carbazole-based bipo⁃
lar phosphorescent host compounds in 2-methyltetra⁃
hydrofuran solution.  The bipolar phosphorescent 
host compounds with different biphenyl substitution 
positions exhibit relatively indistinct peak shapes, 
which is attributed to the small energy level differ⁃
ence between them.  The triplet energy levels of all 
compounds are listed in Tab. 1.  It can be observed 
from Tab. 1 that the triplet energy levels of all com ⁃
pounds are higher than that of the blue phosphores⁃
cent guest FIrpic （2. 65 eV）.  Thus, all host com⁃
pounds are suitable for constructing the blue phos⁃
phorescent devices.  Consistent with the design goal 
of this study, the introduction of electron-donating/
withdrawing groups and the variation of the biphenyl 
linking position would increase the electron mobility 
of the compounds while maintaining their triplet en⁃
ergy levels.

Fig.2　Absorption （upper） and emission spectra （lower） of 
mCzmBI， mCzoBI and oCzmBI in CH2Cl2 solution
（5×10−6 mol·L−1）， respectively

Fig. 3　Phosphorescent spectra of mCzmBI， mCzoBI and 
oCzmBI in 2-methyltetrahydrofuran at 77 K
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2. 3　Electrochemical Properties
The highest occupied molecular orbital （HO⁃

MO） and lowest unoccupied molecular orbital （LU⁃
MO） energy levels of the phosphorescent host com ⁃
pounds were determined via CV.  A classic three-

electrode cell was used to measure the oxidation po⁃
tential of the host compounds, and the HOMO ener⁃
gy levels were further calculated based on these mea⁃
sured oxidation potentials.  Meanwhile, the LUMO 
energy levels of the compounds were further derived 
based on the UV-Vis absorption energy gaps and the 
HOMO values.  The measurements were performed 
under the following conditions: a platinum rod elec⁃
trode as the counter electrode, an Ag/Ag ⁺ electrode 
as the reference electrode, and a platinum-carbon 
electrode as the working electrode.  Tetrabutylammo⁃
nium perchlorate was used as the electrolyte, and all 
phosphorescent host compounds （≈ 8 mg/mL） were 
scanned in deoxygenated （by nitrogen purging） and 
freshly distilled dry dichloromethane at a scan rate 
of 50 mV·s−1.  Since the Ag/Ag ⁺ electrode was used 
as the reference electrode, the HOMO energy level 
（EHOMO） of the compounds was calculated using the 
formula: EHOMO=−（4. 65+Eₒₓ）, where Eₒₓ represented 
the measured oxidation potential of the compound.  
The scanning results are shown in Fig. 4.  Owing to 

the similar composition of the compounds, their re⁃
dox peaks of oxidation potential exhibited a similar 
shape.  However, their actual potential values were 
different （see Tab. 1）.  It can be observed from 
Tab. 1 that the HOMO energy levels varied with dif⁃
ferent linking positions of the biphenyl groups.  The 
HOMO/LUMO energy levels remain essentially un⁃
changed when the linking position of the biphenyl 
group is altered.
2. 4　Thermodynamic Properties

For PhOLEDs fabricated via vacuum evapora⁃
tion, the thermal stability of phosphorescent hosts is 
closely related to the performance of the devices.  
Generally, a higher glass transition temperature （Tg） 
of the host compound leads to relatively better film-

forming ability, which in turn contributes to the high⁃
er device efficiency.  The Tg and thermal decomposi⁃
tion temperatures（Td） of the biphenyl-linked carba⁃
zole-based phosphorescent host compounds were 
measured using a DSC and a TGA, respectively.  
Their heat flow curves and mass change curves are 
presented in Fig. 5, while the specific temperature 
values are listed in Tab. 1.

As shown in Tab. 1, all benzimidazole- and 
carbazole-based host compounds exhibit excellent 
thermal stability, with their Tgs and 5% Tds exceed⁃
ing 92 ℃ and 450 ℃ , respectively.  For the com⁃
pounds mCzmBI, mCzoBI, and oCzmBI, altering 
the linking position of the biphenyl groups results 
in a twisted molecular structure, which can reduce 
intermolecular stacking and enhance the glass tran⁃
sition temperature.  In addition to the rigidity of the 
linking groups, the thermal stability of the mole⁃
cules is also strongly related to the asymmetry of 
the overall molecular structure and changes in po⁃
larity.

Tab. 1　Photophysical data for the compounds mCzmBI，， mCzoBI and oCzmBI

Compound
mCzmBI

mCzoBI

oCzmBI

UV/nma

340/292
340/292
340/290

PL/nma

362/347
379/362/345

362/347

Eg/eVb

3. 5
3. 6
3. 6

HOMO/LUMO/eVc

-5. 7
-5. 7
-5. 8

-2. 2
-2. 1
-2. 2

HOMO/LUMO/eVd

-5. 5
-5. 3
-5. 3

-2. 4
-2. 1
-2. 2

ET/eVe

2. 70
2. 70
2. 70

Tg/Td/℃f

92/323
103/344
93/372

aTest in dichloromethane solution.  bCalculated from the onset peak of the UV-Vis absorption spectrum.  cMeasured via CV in dichloromethane 
solution.  dCalculated using DFT theory.  eMeasured in 2-MeTHF solution at 77 K.  fMeasured via DSC and TGA.

Fig.4　Electrochemical properties of mCzmBI， mCzoBI and 
oCzmBI
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2. 5　Theoretical Simulation
The electron cloud distribution of the HOMO 

and LUMO energy levels in the host compounds al⁃
lows for an intuitive observation of the key factors in⁃
fluencing the compound energy levels, which holds 
significant guiding significance for the design of de⁃
vice structures.  The molecular structures were opti⁃
mized using density functional theory （DFT） with 
ADF2009. 01, and the electron cloud distributions of 
the HOMO/LUMO energy levels as well as the val⁃
ues of the HOMO/LUMO energy levels were calculat⁃
ed.  The energy level values are listed in Tab. 1, 
while Fig. 6 presents the energy level diagrams of 
the biphenyl-benzimidazole- and carbazole-based bi⁃
polar phosphorescent host compounds.

As shown in Fig. 6, the electron cloud of the 
HOMO energy level of the compounds is mainly dis⁃
tributed on the carbazole moiety, while the electron 
cloud of the LUMO energy level is primarily local⁃
ized on the benzimidazole moiety.  As the substitu⁃
tion position of the two groups changes from meta to 
ortho, the degree of overlap between the electron 
clouds of the HOMO and LUMO energy levels de⁃
creases progressively.  These results indicate that, 
with the substituents remaining unchanged, altering 
the linking position of the biphenyl groups can effec⁃

tively modulate the HOMO and LUMO energy levels 
of the compounds, enabling favorable energy level 
matching with the guest dopant.  The calculated HO⁃
MO and LUMO energy levels range from −5. 3 eV to 
−5. 5 eV and −2. 1 eV to −2. 4 eV, respectively, and 
their variation trends are consistent with those of the 
HOMO and LUMO energy levels obtained via CV 
measurements.
2. 6　Electroluminescence Performance

The triplet energy levels of biphenyl-benzimid⁃
azole- and carbazole-based bipolar indicate that all 
host compounds are high enough for blue phospho⁃
rescent devices.  Therefore, the phosphorescent de⁃
vices were fabricated via vacuum evaporation by us⁃
ing FIrpic as the guest emitter.  The devices were 
constructed as follows: Indium tin oxide （ITO）/Mo⁃
lybdenum trioxide （MoO3） （10 nm）/N, N'-Bis（1-

naphthalenyl）-N, N'-bisphenyl-（1, 1'-biphenyl）-4, 4'- 
diamine（NPB）（40 nm）/9, 9'-（1, 3-Phenylene）bis-

9H-carbazole（mCP）（5 nm）/Host∶6% FIrpic（20 
nm）/3, 3'- [5'- [3-（3-Pyridinyl）phenyl] [1, 1': 3', 1'' - 
terphenyl]-3,3''-diyl]bispyridine（TmPyPB）（40 nm）/
lithium fluoride （LiF）（1 nm）/Al（100 nm）（where 
the hosts were mCzmBI for Device A, mCzoBI for 
Device B, and oCzmBI for Device C, respectively）.  
The devices were prepared by using the benzimid⁃
azole- and carbazole-based host compounds doped 
with the blue-light phosphorescent dopant FIrpic to 
form the phosphorescent emission layer, incorporat⁃
ing a 5 nm-thick mCP layer as the exciton-blocking 
layer and TmPyPB as the electron-transporting lay⁃
er.  The electroluminescent properties of Devices 
A-C, are shown in Fig. 7.

Fig.6　Calculated HOMO and LUMO orbitals of mCzmBI， 
mCzoBI and oCzmBI

Fig. 5　DSC （left） and TGA （right） curves of the compounds mCzmBI， mCzoBI and oCzmBI
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Critical device parameters are compiled in 
Tab. 2.  Based on the data shown in Fig. 7 and 
Tab. 2, the spectral broadening observed in Device 
B might stem mainly from the exciton recombination 
zone shifting away from the emissive layer.  As indi⁃
cated in Tab. 1 and Fig. 7（a）, mCzoBI has poor en⁃
ergy level alignment with the neighboring layers.  
This misalignment compels excitons to recombine 
outside the emissive layer or induces interfacial in⁃
teractions, e. g. , exciplex, resulting in non-radiative 
recombination and emission broadening——conse⁃
quently increasing the full width at half maximum 
（FWHM）.  Furthermore, poor energy level matching 
with adjacent layers generally raises the injection 
barriers for electrons and holes, ultimately resulting 
in a comparatively high device turn-on voltage.  In 

contrast, Device A（with mCzmBI as the host） 
achieves superior energy level alignment, delivering 
a maximum current efficiency of 24. 9 cd·A−1, power 
efficiency of 20. 7 lm·W−1, and external quantum ef⁃
ficiency of 12. 8%.  Electroluminescence spectra re⁃
veal that all three blue phosphorescent devices dis⁃
play intrinsic emission peaks corresponding to FIr⁃
pic, with spectral stability maintained across differ⁃
ent driving voltages.  For devices based on these bi⁃
polar phosphorescent hosts, maximum efficiency is 
attained at relatively high luminance, and efficiency 
roll-off is mitigated at elevated luminance.  These 
findings demonstrate that biphenyl-linked bipolar 
blue phosphorescent hosts can effectively suppress 
device efficiency roll-off under high-luminance oper⁃
ation.

Tab. 2　Device performances of blue phosphorescent organic light-emitting diodes with different bipolar hostsa

Device
A
B
C

Host
mCzmBI
mCzoBI
oCzmBI

Von/Va

3. 2
3. 8
3. 7

Lmax/（cd·m-2）b（V/V at Lmax）
12 480 （9. 8）
2 274 （10. 5）

13 410 （11. 6）

Η c
c/（cd·A-1）

24. 9
16. 6
20. 2

Ηp
d/（lm·W-1）

20. 7
12. 1
12. 8

EQEe/%
12. 8
8. 4

11. 0

FWHM/nm
51
58
50

CIE（x， y）f

（0. 15，0. 30）
（0. 15，0. 33）
（0. 15，0. 29）

aOperating voltage at a luminance of 1 cd/m2.  bMaximum luminance.  cMaximum current efficiency.  dMaximum power efficiency.  eMaximum 
external quantum efficiency.  fCIE 1931 color coordinates.

Fig.7　Electroluminescent performances of the devices A-C. （a）Energy level diagrams of each compound in blue phosphores⁃
cent devices（Devices A-C）. （b）Normalized EL spectra of the devices. （c）J-V-L characteristics. （d）External quantum 
efficiency and power efficiency versus current density curves， respectively
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Fig. 7（a） illustrates the HOMO/LUMO energy 
level diagram of each functional layer in Devices 
A-C.  For all benzimidazole- and carbazole-derived 
host compounds, minor variations in HOMO/LUMO 
levels were observed with adjustments to substituent 
position and type.  A key observation is the relative⁃
ly large energy barrier between the LUMO of all bi⁃
polar phosphorescent hosts and the electron-trans⁃
porting layer （TmPyPB）.  This barrier restricts elec⁃
tron injection and transport, which in turn contrib⁃
utes to the high turn-on voltages of the devices.  Con⁃
versely, the HOMO levels of the hosts are well-
matched with that of NPB, enabling efficient hole in⁃
jection from NPB into the emission layer.  Addition⁃
ally, the HOMO/LUMO energy level ranges of all 
hosts fully cover those of the guest dopant FIrpic; 
this favorable alignment facilitates energy transfer 
from host to guest, thereby improving the efficiency 
of phosphorescent OLEDs.

The efficiency data of all the above devices indi⁃
cate that benzimidazole- and carbazole-based bipolar 
phosphorescent host compounds are suitable for the FIr⁃
pic-based devices.  By introducing different numbers of 
electron-type groups and adjusting the linking positions 
of benzimidazole and carbazole on the biphenyl group, 
we can effectively modulate the electroluminescent per⁃
formance of the device with such host compounds.

3　Conclusion
In summary, a series of bipolar blue phospho⁃

rescent host materials based on benzimidazole and 
carbazole were designed and synthesized.  By pre⁃
cisely tuning the electron-withdrawing groups and 
the linking positions of biphenyl moieties, the spec⁃
tral, electrochemical, and thermodynamic properties, 
as well as the bipolar transport performance, of these 
host materials were optimized.  The blue phosphores⁃
cent guest FIrpic exhibited good compatibility with 
all three bipolar hosts.  Notably, compared with de⁃
vices using mCzoBI and oCzmBI （with ortho-link⁃
age） as hosts, the device based on mCzmBI——where 
carbazole and benzimidazole groups are linked to the 
biphenyl moiety via double meta positions——

showed a lower turn-on voltage, higher device effi⁃
ciency, and better efficiency roll-off performance.  
Owing to its excellent carrier transport properties, 
the mCzmBI-based device achieved a maximum ex⁃
ternal quantum efficiency of 12. 8%.  These findings 
provide a valuable guideline for the development of 
high-performance phosphorescent host materials.
Supplementary Information and Response Letter are 
available for this paper at: http://cjl.lightpublishing.cn/
thesisDetails#10.37188/CJL.20250223
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