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Abstract: In this work, we designed and synthesized two hboyaolar deep-blue
emitting materials, 2-(4'-(3-carbazol-9-yl)-[1,1'-biphenyl]-4-yl)-1 (4(tri-fluomethyl)
phenyl)-H-phenanthro[9,1@] imidazole (CzB-FMPPI) and 9-(4'-(4,5-diphenyl-1
(4-(trifluoromethyl)  phenyl)-H-imidazol-2-yl)-[1,1'-biphenyl]-4-yl)-8i-carbazole
(CzB-FMPIM). Among them, carbazole and phenanthidé&xole are bridged linkage
by the biphenyl ring and act as electron-donatiag. @ he Ck-substitutegohenyl ring
applies as strong electron-withdrawing moiety. Exéibit highly twisted molecular
configuration of two compounds efficiently shortenconjugation and inhibit
intermolecular interaction, resulting in superidretrmal stability and deep blue
emission. High decomposition temperature of 431af@d 414 °C, glass transition
temperature of 150 °C and 135 °C for CzB-FMPP1@rB-FMPIM, respectively, had
been achieved. As a consequence of breaking thegadion of phenanthroimidazole
chromophore, CzB-FMPIM achieves a 8 nm blue-shietssion compared with
CzB-FMPPI. CzB-FMPPI exhibits a higher relativeditascence quantum yield of 92.5%
than 83.3% of CzB-FMPIM. Moreover, bipolar propemyas observed in both
compound and homogeneous amorphous films were idegposnd applied in the
non-doped deep-blue OLEDs. The devices based oremwtters showed maximum

luminance of 6667 cd/mand 3084 cd/m maximum EQE of 4.10% and 3.17%,



respectively. Commission International de I'Eclg@a (CIE) coordinates of
CzB-FMPIM based device achieved (0.15, 0.07) wisaxtremely close to the NTSC
standard blue CIE (0.14, 0.08).

Keywords: Bipolar, Deep-blue emission, Twisted configuratiBhenanthroimidazole,

Non-doped OLEDs.
1. Introduction
Organic light emitting diodes (OLEDSJ have already been applied in several

fields due to their preeminent advantade¥.However, the great potential prospect in
the full-color flat-panel display and solid-staightting ® " make it still a hot field and
attracts scientists’ attention from worldwide. Talfif the full-color display, three
basic colors (RGB) are crucial. In recent yearst af efforts have been devoted to
achieve highly efficient green, red and blue emstigith outstanding color purity and
stability. So far, the green and red emitters halveady met the needs for practical
application.®*? Nevertheless, excellent blue emitters are stiltt@npursuing list in
terms of efficiency and stabilit§>** In particular, deep-blue emittéf *is of great
significance and play a key role in OLEDs devicesduse of its multi-function, such
as efficiently decreasing the power consumptiocrgasing the color gamut and being
utilized to be a host for other long-wavelength teens.!*32%

In the long term of developing ideal materials @LEDs, phosphorescent and
thermally activated delayed fluorescent (TADF) ¢eng are welcome among the
researchers. OLEDs devices based on these matemgaeetically could harvest all
excitons to emit photons, thereby achieve a higareal quantum efficiency (EQE:

3 2123 However, to realize commercialization, the basiestand in front of
phosphorescent material is the high cost causdthhgition metal complexes, server
efficiency roll-off and poor stability** 2! The requirement for TADF-based OLEDs is
the host-guest doping system to reduce tripletetrignnihilation and weaken the
efficiency roll-off at high voltage, but this wiljjive rise to complicated device
fabrication technique and raising the cost. Thuse luorescent emitters are still
considered as the competitive candidates for statrtedoped OLEDs devices.

Constructing bipolar molecules is one of the effectvays to develop highly



efficient deep-blue emitting materials. Chun-Siregls group lately reported a series
of bipolar blue emitting materials, in which thesbeon-doped OLEDs performance
based on TPAPOPPI shows an E@Eof 6.69% and CIE coordinates of (0.152,
0.095). ¥ Zuolun Zhang had demonstrated a non-doped OLED&celeusing
MTPE-DPI as emitting layer achieved EQE of 3.69%w@IE coordinate of (0.15,
0.14).2° Lej Wang's group showed a DPACPhTPI-based non-diafice exhibits
CIE of (0.156, 0.047), and a EQE of 3.5%4. C. Huang’s group got a high EQE of
5.8% for non-doped OLEDs based on CPBPMCN with Gf£(0.15, 0.08).1%®!
Generally, bipolar material could transport botlelscand electrons, so that achieve a
better balanced charge carriers and broaden excremombination region,
consequently improve the device performance. Tiategfy to construct bipolar
materials is to introduce electron donors and mecacceptors into the molecul&S:

30 Nevertheless, the intramolecular charge tran$@F¥)(between D and A will lower
photoluminescence quantum yields (PLQYs) and leadat red-shift emission.
Therefore, it is absolutely imperative to chooserapriate donors and acceptors to
regulate the ICT aiming at getting ideal deep-imolar emitters. Carbazole unit is
usually selected as donor originating from its nratke electron-donating properties,
good carriers transporting ability, and good thdrstability.®! Phenanthroimidazole
is also regarded as an ideal building block inglesig a blue emitting material owing
to the high thermal stability and bipolar transpaytproperties. Meanwhile, the ICT
could be alleviated by modifying appropriate Donar Acceptor on
Phenanthroimidazole moiety?

Based on the ideas above, we designed and syregdegslze molecule
CzB-FMPPI and CzB-FMPIM. In which, carbazole ancmpénthroimidazole serves
as electron-donating unit. The gsubstitutedphenyl ring applies as strong
electron-withdrawing moiety and could also trigh&re shifted emissio®® *¥! The
carbazole and phenanthroimidazole are bridgeddgi@key the biphenyl with moderate
twist angle, maintaining molecular conjugation ahmh PLQYs. Furthermore,
compared to CzB-FMPPI, CzB-FMPIM fulfils deeper élamission by breaking the

conjugation of phenanthroimidazole chromophore,diuthe cost of thermal stability



to some extent. The two compounds CzB-FMPPI and-EMBIM exhibit good
thermal stability with glass transition temperatyfg) of 150 °C and 135 °C,
decomposition temperaturéf of 431 °C and 414 °C, respectively. What's mbiath
compounds have bipolar properties demonstrated ibglescarrier devices and
reorganization energy calculation. The non-dopecED4% devices based on two
emitters showed maximum luminance of 6667 édind 3084 cd/f CIE coordinates
of (0.15, 0.12) and (0.15, 0.07), maximum EQE df04 and 3.17%, respectively.
Comprehensively speaking, the overall performaridbe devices based on the both
compounds are comparable to the non-doped deep®lLEeDs with CIEw0.1
reported to daté* 353!
2. Experimental section
2.1 Material

All the reagents and solvents used in this papereweurchased from
manufacturers without further processing. THF wagsHly distilled from
sodium/benzophenone under argon (Ar) atmosphecedate.
2.2 Genernal procedures

'H and™C NMR measurements were conducted on a Bruker ACE4@0 MHz)
spectrometer. High resolution mass spectra (HRMf# diere obtained on a Bruker
MicrOTOF-Q II. Absorption spectra and Photolumiressme spectra were recorded on
a Thermo Evolution 300 UV-Vis spectrophotometer artditachi F-4500 fluorescence
spectrophotometer, respectively. Fluorescence quoagteld @) was determined by
using quinine sulfate solution in 0.01 My$0D, (®; = 0.54) as a reference. DSC
measurement was studied on a TA Q20 instrumentatgmbrat a heating rate of
10 °C/min from 25 °C to 350 °C in/NTGA was recorded on a METTLER TOLEDO
TGA/DSC1 Thermogravimetric Analyzer at the heatiatg of 10 °C /min from 30 °C
to 800 °C in N. The transient PL spectrum was performed by FLS@@@rdscence
spectrometerX-ray diffraction spectra were recorded on a Rigakuaiflex 600 with
260 range of 3°-20°, scanning at a rate of 1°/nurystallography of CzB-FMPPI was
collected at the temperature of 113 K on a RigakalLXB P200 diffractometer

equipped with graphite-monochromated Mo Ka radiatip = 0.71073 A). The



structure was solved with the SHELXL-97 progrand #re refinement was performed
by a full-matrix least-squares technique based“onith the SHELXL-97 program
2.3 OLEDs fabrication and characterization

ITO-coated glasses with a sheet resistance of23fer square were used as
substrates. Before device fabrication, the ITO glagbstrates were cleaned with
deionized water, isopropanol, acetone and ethamsuiccession, and then dried with
nitrogen and treated with oxygen plasma for 5 mifO glass substrates were
spin-coated with a layer of PEDOT: PSS (~40 nmipaddl solution on the ITO side at
3000 rpm, followed with baking at 140°C for 20 memd then transferred into a
thermal evaporation system with a pressure of 7 Then, all organic functional
layers were sequentially deposited onto the ITOssates at a rate of 0.3-1.0 A/s.
Finally, 1 nm LiF and 100 nm Al were deposited ottt substrate at the rate of 0.2 A/s
and 10 A/s, respectively. The thicknesses and dgéposates of film were controlled
by a quartz crystal thickness monitor. The EL smeduminance of device, and CIE
coordinates were measured with Konicaminolta CS3200he current-voltage
characteristics were recorded using a Keithley 2&@QirceMeter under ambient
atmosphere.

2.4 Synthesis and characterizations
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Scheme 1. Molecular structures and synthetic routes of CzBPFWand CzB-FMPIM
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The molecular structure and synthetic routes vafi@vn in Scheme 1. Firstly,



9-(4-bromophenyl)-BI-carbazole was prepared by classical Ullmann reactihen
reacted with boric acid esters to get the (4-(@rbazol-9-yl) phenyl) boronic acft!
2-(4-bromophenyl)-1-(4-(trifluoromethyl) phenylHiphenanthro[9,1@] imidazole
and 2-(4-bromophenyl)-4,5-diphenyl-1-(4-(trifluorethyl)  phenyl)-H-imidazole
were prepared by a method previously repofédlhe final compounds were
successfully prepared by Suzuki cross-couplingti@acThe target compounds were
fully characterized by NMR and HRMS. Detailed réactprocedures are shown in
supporting information.

3. Result and discussion

3.1 X-ray crystal structure and packing mode
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Fig. 1 single crystal structure (a) and packingriab (b) of CzB-FMPPI.

The molecular structure and intermolecular inteoaictwere investigated by
X-ray crystal diffraction. The single crystal of BEFMPPI was prepared by slow
volatilization of dichloromethane. (Crystal dataG#B-FMPPI has been submitted to
the Cambridge Crystallographic Data Centre andGR&®C deposition number is:
1891230). The single crystal structure and packeitern are displayed in Fig. 1. The
data of CzB-FMPPI crystal are summarized in Talle & shown in Fig. 1a. The



CzB-FMPPI exhibits a twisted steric configuratiomhwdihedral angles of 42.28°
between carbazole plane and adjacent benzene ri8i§89° between
phenanthroimidazole plane and the side benzene, rsy12° between the
phenanthroimidazole plane and the adjacent bendage and 38.73° between the
bridging biphenyl group, respectively. The packitegails are demonstrated in Fig. 1b.
Two neighboring parallel carbazole can be obsetediave a certain extent overlap
with a rather long distance of 3.388 A, indicatingeakn-n intermolecular interaction
might exist. The carbazole chromophore is also gatjular to the benzene ring
linked with the —CEk group, a rather weak edge-to-face intermoleculéeraction
with CH/x distance about 2.8 A could be found. Moreover,hydrogen on carbazole
is bonded with the phenanthroimidazole by a N/kerattion (d = 2.631 A). The
biphenyl group mainly has a certain distance: @8 A) with phenanthroimidazole
plane, besides, also a comparable distance withazale plane. To sum up, the
molecule was successfully synthesized to be a e@distonfiguration. Such twist
structure suppressed stromg intermolecular interaction in some extent, whicaym
decrease aggregation induced fluorescence quenchindgilm state®™ The
CzB-FMPPI is promising to apply in a non-doped OIsEA3 emitter.

3.2 optical properties
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Fig. 2 Normalized UV-Vis spectra and PL spectr&pB-FMPPI and CzB-FMPIM in dilute
DMF and in neat film
The UV-vis and photoluminescence spectrum of CzBPPViand CzB-FMPIM
in DMF and films were recorded to study their piptigsical properties (Fig. 2). Both

two compounds have similar absorption profile. Tpeak at 294 nm could be



assigned to m* transition of carbazole?* *! The absorption band around 340 nm
may originate fromr-n* transition between substitute benzene ring aedrthdazole
unit. “?The unique shoulder-peak at 365nm of CzB-FMPPkisegated by the it

transition of phenanthroimidazole chromophé&t2.
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Fig. 3 The lifetime measurement of CzB-FMPPI (aj @zB-FMPIM (b) in degassed THF
by using time-correlated single photon countinghudt

As shown in the photoluminescent spectrum (Fig.b®th compounds exhibit
strong blue emission with maximum emission peak2d nm and 415 nm in dilute
DMF solution, and at 440 nm and 415 nm in neat fiion CzB-FMPPI and
CzB-FMPIM, respectively. Compared with CzB-FMPP£B=FMPIM exhibit a 8 nm
blue-shift in solution, which could be attributemlthe smallt-conjugation backbone
of noncoplanar 1,4,5-triphenyHtimidazole. Meanwhile, this noncoplanar structure
of CzB-FMPIM also inhibits the intermolecular stagk in solid state, hence reduce
the aggregation caused fluorescence quenching.rélagve fluorescence quantum

yield of CzB-FMPPI and CzB-FMPIM were investigaiadrHF to be 92.5% and 83.3%



using quinine sulfate (0.01 M dilute;80s, @ = 0.54)*® as a standard.

To verify whether the TADF process contributeshi® PL spectrum, transient PL
decay curve in I8 M degassed THF were investigated by time-correlaiagle
photon counting method. Both spectra reveal a mexpmnential PL decay with a
short lifetime of 1.41 ns for CzB-FMPPI and 1.44fas CzB-FMPIM, respectively
(Fig. 3). As it was known, TADF molecules usualkhioit two-exponential lifetime:

a fast PL decay for nanoseconds and a delayedefiuence decay for hundreds of
microseconds®® This phenomenon indicates that no triplet excitemstribute to PL
decay by thermally activated reverse intersystamsing (RISC).

Subsequently, combined with PLQYs and transientlifetimes. the radiative
rate constantsk() and nonradiative rate constanks)(were calculated to investigate
the excited state nature. The data are display@@he S3. Thek is 12-fold higher
than itska for CzB-FMPPI (6.54x1%S, 0.53x1&S), 5-fold higher for CzB-FMPIM
(5.76x10/S, 1.15x1&S). The higherk rate indicate that the radiative process is
predominant in light emission, as a result obaghtRLQYSs.

3.3 Thermal properties and morphology

Thermogravimetric analysis (TGA) and differentiahening calorimetry (DSC)
were studied. As shown in Fig. S1, theandT, for CzB-FMPPI are 431 °C and 150 °C,
which are higher than 414 °C and 135 °C of CzB-AMPiespectively. The better
thermal stability of CzB-FMPPI could be attributad its larger rigidity of

phenanthroimidazole chromophore.
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Fig. 4 X-ray diffraction spectra of ITO, CzB-MOP&id CzB-FMPIM thin film on ITO substrate



To study the film property of the compound in sadidite, the X-ray diffraction
(XRD) spectrum was performed as shown in Fig. #fikshs were prepared by vacuum
deposition. Both compounds exhibit featurelessepatcompare to ITO substrate
before and after annealing for 24 h at 90 °C. Sumdracter implies these compounds
are capable of forming homogeneously amorphoussfiloring thermal depositidH:

45]
3.4 Electrochemical properties

Photoelectron yield spectroscopy was employed tonate the HOMO (the
highest occupied molecular orbital) of two compaur{éfig. S2). The HOMO of
CzB-FMPPI is -5.62 eV and CzB-FMPIM is -5.87 e\kpectively. The LUMO (the
lowest unoccupied molecular orbital) of CzB-FMPF2.36 eV) and CzB-FMPIM
(-2.54 eV) were calculated by uniting HOMO energyel with optical band gajk§).
Herein, the optical band gaps were determined by\¢he:of absorption spectrum.
Details are summarized in the Table 1.

Table 1 Basic properties of CzB-FMPPI and CzB-FMPIM

Td T, e At dem  @F HOMO? LUMOY Egf 7

Compound
() (nm) (nm) (nm) (%) (eVv) (eVv) (eVv) (ns)

CzB-FMPPI 431/150 294,343,364 423 440 925 -5.62 -2.36 3.16 1.41

CzB-FMPIM 414/ 135 294,331 415 415 833 -5.87 -2.54 3.33 1.44

2 Absorption and PL: measured in Ll DMF. ® Absorption and PL: measured in neat fiftPhotoluminescent
quantum yield (PLQY) measured using quinine suléststandard Measured by photoelectron yield spectroscopy.
€ Optical band gap determined from the absorpticsebim DMF.f Prompt PL lifetime in THF
3.5 Theoretical calculation

Density functional theory (DFT) calculation at B3¥%6-31G(d) level was
carried out to get a deeper understanding of thectreinic properties. The
electron-cloud distributions of frontier moleculanbitals are demonstrated in Fig. 5.
Interruption of phenanthroimidazole conjugated pldras no effect on HOMO and
LUMO distributions of the two compounds. The HOM®@any spread on the whole
molecules except the N1-connected benzene ring tsiflboromethyl. While the

LUMO mainly locate on the biphenyl and N1-conneckeshzene ring, as well as a



little residue on phenanthroimidazole. Both LUMQ&hOMO occupied on imidazole
cycle, this might contribute to the electronic dungture of imidazole. Bonding
different chromophores on the two nitrogen atomsnimdazole ring will lead to
different bipolar properties: it is a weak electonor when bonding with a strong
acceptor and a weak acceptor otherwi®e?'The Large HOMO-LUMO overlap is
responsible for their high fluorescence quantunyi®! The HOMO energy levels
were calculated to be -5.27 eV and -5.27 eV, LUM@rgy levels were -1.54 eV and
-1.46 eV for CzB-FMPPI and CzB-FMPIM, respectively.

a) ., ods
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‘e :a: 2 , i
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9

CzB-FMPPI CzB-FMPIM

Fig. 5 DFT calculated HOMO (upper) and LUMO (botjooh CzB-FMPPI (a) and
CzB-FMPIM (b)

The reorganization energy calculation was also gotedl to study the bipolar
properties of the compounds. Detailed data werensaned in Table S2. The hole
reorganization energy was defined to be 0.182 e¥ @A22 eV, while the electron
reorganization energy were 0.462 eV and 0.468 e\CaB-FMPPI and CzB-FMPIM,
respectively. Such results indicate both compowane€apable of transporting hole and
electron, which could contribute to good devicefgmnance. However, the hole
reorganization energy of two compounds are sm#iken the electron reorganization
energy, implying both compounds perform better hwensport ability. Besides,
CzB-FMPPI shows a lower hole reorganization enégingyn CzB-FMPIM, suggesting
CzB-FMPPI own superior hole tansport ability.
3.6Carrier transporting characteristics

To further study the charge transporting capacitytveo compounds, single



carrier devices with structure of ITO/NPB (10 nr@¢B-FMPPI or CzB-FMPIM) (30
nm)/NPB (10 nm)/Al (100 nm) (hole-only device) andlfO/TPBi (10
nm)/(CzB-FMPPI or CzB-FMPIM) (30 nm)/TPBi (10 nm)A_(1 nm)/Al (100 nm)
(electron-only device) were fabricated. As dispthye Fig.6, all of the devices show
high current density at low operated voltages, dating that both compounds are
capable of transporting electrons and holes. Intiatg the hole-only devices exhibit
a higher current density than electron-only dewatea relatively high voltage. Such
characteristics agrees with the reorganizationggnealculation. Besides, the curves
of CzB-FMPPI reveal a smaller current-density ddfece between single carrier
devices at high voltage, implying the balance airgk carrier mobility. It is assumed
that the CzB-FMPPI-based blue OLEDs should posges$etter performanc&he
ohmic conduction regime in low applied voltage apdce-charge limited conduction
regime in high applied voltage could be observadbiah compounds in Figure 6,
suggesting a good Ohmic (or quasi-Ohmic) contattvéen the organic layer and the

metal electrode.
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Fig. 6 Current densityersus voltage characteristics of single carrier deviteSzB-FMPPI (a) and
CzB-FMPIM (b)

3.7 Electroluminescence investigations

Non-doped OLEDs devices are fabricated with a smpgitructure of
ITO/PEDOT:PSS (40 nm)/NPB (25 nm)/(CzB-FMPPI/CzBHM) (30 nm)/TPBi
(20 nm)/LiF (1 nm)/Al (100 nm) to evaluate their Hlerformance. The device
structure and materials energy level are displayedrig. 7. ITO was anode,
PEDOT:PSS was hole injection layer fabricated byn spoating, NPB was
hole-transporting layer, TPBi was electron-transipgrlayer, LiF/Al act as electron
injection layer and cathode. The energy level @diagy and device structure are

displayed in Figure 5b. Key device parameters anensarized in table 2.
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Fig. 7 a) the device structure; b) energy leveydians of the materials used in OLEDs; c)
molecular structures of the compounds used in devic

Table 2 Non-doped OLEDSs device performances bas&z8-FMPPI| and CzB-FMPIM

Vot CEN [ EQE’ eL® CIE'
Compound
V) (cd/A) (cd/nt) (%) (nm) x,y)
CzB-FMPPI 4.0 3.17 6667 4.10 441 0.15, 0.12
CzB-FMPIM 3.6 1.55 3084 3.17 425 0.15, 0.07

2 Turn-on voltage recorded at the luminance of Inéd® Maximum luminous efficiency. Maximum luminance®

Maximum external quantum efficienéyMaximum peak of EL spectriMeasured at 8 V.

As shown in the table 2, the device based on CzBxlEMhas a lower turn on



voltage (M) of 3.6 V (recorded at the luminance of 1 c@/ihan 4.0 V of device
based on CzB-FMPPI. Presumably, such phenomenoht fpgattributed to the low
electron-injection barrier of 0.16 eV from TPBi émitting layer. What's more, the
non-doped device based on CzB-FMPPI demonstraiggemmaximum luminance
(Lmay Of 6667 cd/m, a better maximum CE (current efficiency) of 3ct7A than that
of 3084 cd/m, 1.55 cd/A for non-doped device based on CzB-FMAME result
might benefit from the higher PLQY and radiativiearation rate of CzB-FMPPI. The
external quantum efficiency (EQE) value are estaddb be 4.10 % and 3.17 % for
devices based on CzB-FMPPI and CzB-FMPIM, respelstiv

a) b) .
104 —9—CzB-FMPPI = —o— CzB-FMPPI
_0-0-0 |500—~ 4
—o—CzB-FMPIM N 8‘3'3:: N °/8 e % —o— CzB-FMPIM
- _3-3°
NE 3 ’0’0 o 2 3 33
= 1079 P / w3y = "
3 Y ¢ o9 e 3 A SO
S e 2 /) 2 £23 ——0_
0 10° . sl v WG 2 o
4 g o/g/ c 2 o0 g
¢ o / 5 & ~o
s . 7 d S 2000 W *~o
< 10 g ) - - - \0
.g) /° o/., g c c ; \0
5 o/ Ry 100 g 2
100_ /° O/o/ /O S 5
9o e o
Q/l a n—ﬂze—g’? .
4 6 8 10 12 14 100 200 300 400 500
C) Voltage (V) d) Current Density (mA/cm®)
5
—o—CzB-FMPPI v
—o—CzB-FMPIM CzB-FMPPI ~ —o—8V
4 —_ ——10V
=] ——12v
Py <
— o~
é 3 0330\} 2
w QRO\Q [72]
c s T, S ——5V
2 9. ~,
hf ~o ? k= CzBFMPIM ~ ——8V
:I ——10V
1 w ——12V
o4 ; ; ; ; ; e : ;
0 100 200 300 400 500 400 500 600 700 800
wge 2,
Current Densitiy (mA/cm”) Wavelength (nm)

Fig. 8 a) Current density-voltage-luminance curbgsCurrent density-current efficiency curves; c)
the plots of current density versus EQE; d) Noreealielectronluminance spectrum of the devices,
inset EL spectra at 5V, 8V, 10V, and 12V.
Apparently, as shown in Fig. 8d, both non-dopediaisv exhibit deep-blue
emission at the wavelength of 441 nm and 425 nnC&B-FMPPI and CzB-FMPIM,
respectively. The former emission peak is the sawmdts PL emission in film,

indicating the EL emission is from the emittingéayin the meantime, the broadened



emission at long wavelength could be generated fgoimer or exciple¥® *% The
CIE coordinates of two devices based on CzB-FMRfI @zB-FMPIM are (0.15,
0.12) and (0.15, 0.07), in which the lower Clier CzB-FMPIM-based device is
consistent with the original design idea. Not otilg CIE coordinates are extremely
close to the NTSC standard blue, but also theissiom spectra are also stable along
with the voltage increasing from 5 V to 12 V (Rggl). what’s more, the devices based
on CzB-FMPIM suffers a more severe efficiency wifl-than CzB-FMPPI, that’s
because the hole injection barrier between NPBGuistFMPIM (0.57 eV) is bigger
than that of CzB-FMPPI and NPB (0.32 eV), biggetehmjection barrier would
block the hole from transporting to emissive lagehigh voltage, leading to a severe
efficiency roll-off.

In order to verify whether TADF or HLCT process tribute to the high EL
performance, first we measured the fluorescencepaondphorescence curves of two
compounds in toluene (shown in Fig. S4), Mgt are calculated to be 0.57 and 0.70
eV based on the onset of FL and Phos. curves f&-FMPPI| and CzB-FMPIM,
respectively. Th\Est of two emitters are so much bigger than suffidiesmall S-T
energy gap€0.2 eV) to efficiently active the RISC process ®DF mechanisnt™
The big HOMO-LUMO overlap of two emitters in the DEalculation (Fig. 5) also
could not meet the requirement of reducixisr to support a TADF process? In
fact, the transient fluorescence of two compoundseigassed tetrahydrofuran (Fig. 3)
exhibit single exponential PL decay without anyaged fluorescence, which is
featureless from typical TADF emittef3!On the contrary, it might be the integration
of HLCT state.*” So, we studied the FL of two emitters in differanivents, the
absorption and fluorescence spectrum of two comg®@ame shown in Fig. S5. In the
low-polar solvent like hexane, both compounds slaokE-like character because of
the shoulder peak caused by their vibrational tracture. The FL of CzB-FMPPI
and CzB-FMPIM all demonstrate an obvious solvatogtic shift, indicating a
typical CT feature of their emissive state” 2 To better understand the
solvatochromic effect, the Stokes shiff-{s) versus the orientation polarizabilitys, (

n) was fitted in more solvents according to thepii-Mataga model (Fig. S5c, §*



Both compounds show two independent linear relahigs, indicating two different
excited states happened in the emissive progrésseXcited state dipole moment
are calculated to be 10.0 and 8.9 D in low-polastjvents, 22.7 and 21.2 D in
high-polarity solvents for CzB-FMPPI and CzB-FMPIk&spectively. The smalle
can be attributed to the LE-based HLCT state, wdeethe large,. can be treated as
the CT-dominated HLCT state. In which, theof CzB-FMPPI is bigger than that of
CzB-FMPIM in low-polar solvents, implying the ratan transition rate and
fluorescence quantum yield of former compound ghér than the latter one, leading
to a better EL performance of CzB-FMPPI than tHa&€zB-FMPIM. Such results are
coincidence with the experiments above.
4. Conclusion

In conclusion, two novel bipolar deep-blue emitte@&B-FMPPI and
CzB-FMPIM were successfully synthesized and systeally investigated. In
comparison with CzB-FMPPI, CzB-FMPIM realized a plereblue emission through
decrease the conjugation area of phenanthroimidadobmophore. Both compounds
exhibited high fluorescence quantum vyield, goodrrtta stability and bipolar
properties. Their distinct properties were all dsat to their diverse twisted molecular
configuration, which accord with our prospectiorh&Vs more, the non-doped OLEDs
devices based on these two molecules showed daep dyhission. Especially
CzB-FMPIM-based OELDs presented CIE coordinates0015, 0.07), which is
extremely close to the NTSC standard blue. The mami luminance of OLEDs
devices are 6667 cdfimand 3084 cd/m maximum EQE of 4.10% and 3.17% for
CzB-FMPPI and CzB-FMPIM, respectively. We beliehattthese experimental data
will provide the guideline for future molecule dgsiand achieving highly-efficient
deep-blue OLEDs.
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Two donor-acceptor type deep blue fluorescent materials were firstly designed and
synthesized.

Compounds exhibit high fluorescence quantum vyield, good thermal stability and
bipolar properties.

Non-doped good-performance deep-blue OLED devices with CIE of (0.15, 0.07) were
achieved.



