creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/




BEHLT B

Synthesis and TADF properties of boron
emitters comprising rigid donor and
acceptor units linked by a carbon—carbon

bond triarylborane compounds
(A3 F7¢ 28 Sdih-g4h S 3
BA33EY A TADF §4)

Bl oK B R ok BB
ft 8 #
N



Synthesis and TADF properties of boron
emitters comprising rigid donor and acceptor
units linked by a carbon—carbon bond

triarylborane compounds
(A3 =79 s eir-etk AL 3t
TAa3Ee] ¥ TAF 54)

o] WXe HEML: B mXoE AET

20214 114

B R B KR K2 B
b & %t
2 i R

FHEFe| BEMEt Bir

%lbll
Il
mlo

mu '{ﬁ?:}



St
h)}

B

ot

har

I

olol

of

Ho
ni)
o

N N

2021 114

ii



Synthesis and TADF properties of boron
emitters comprising rigid donor and acceptor
units linked by a carbon—carbon bond
triarylborane compounds

Abstract

We report three rigid donor (D)-acceptor (A)-type thermally activated delayed
fluorescence (TADF) compounds, CzMeBCO (1), BuCzMeBCO (2), and EtCzMeBCO
(3), in which 9-substituted 9H-carbazole (9-RCz) donors are linked with a boron-
carbonyl (BCO) hybrid acceptor by a carbon—carbon bond. In toluene solution, all
compounds exhibit normal fluorescence in deep blue region (426—429 nm) with high
photoluminescence quantum yields (PLQYs) of 77%—-94% whereas they exhibit
greenish blue to green emissions in PMMA film with distinct delayed fluorescence
components. High PLQYs are also retained in their rigid state, showing 60%—-85% in
PMMA film. However, the PLQY and delayed fluorescence lifetime decrease with the
increase of the doping concentration of compounds in the film state. The details of
synthesis and photophysical properties of compounds will be discussed with theoretical
study. Using the TADF emitters, normal performance TADF-OLEDs with maximum
external quantum efficiencies of 14.7% for the skyblue (CzMeBCO) and 14.5% for the
skyblue (BuCzMeBCO) are presented.
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I. Introduction

1. Organic light-emitting diodes (OLEDs)

Before OLED was commercialized, the first generation LCD and the second generation LED
were mainly applied and used in displays. However, now, beyond the 1st and 2nd generations,
OLED, which compensates for their shortcomings, is attracting attention as the 3rd
generation display and research is underway. LED is a photoelectric conversion type
semiconductor light emitting diode that converts electrical energy into light energy. This is a
semiconductor device that emits light by recombination of minority carriers injected using
the pn junction structure of the semiconductor two-terminal device However, organic light
emitting diodes (OLEDs) display that emit light by a thin organic layer that forms a p-n
junction.! The OLED light emission principle is that holes and electrons injected from the
anode and cathode combine in the light emitting layer to emit light. Therefore, OLEDs do
not need the backlight which is used to LCD and LED displays and resulted that OLED
display can be thin and light. Moreover, OLEDs are better than LCD and LED that reason
by low driving voltage, high brightness, full-color emission, rapid response, easy fabrication
of potentially large area and flexible thin-film devices. It's especially better in the color
reproducibility and darkness ratio. In the early 1950s, first OLED concept was discovered by
André Bernanose and co-workers at the Nancy-Université in France. This was the first to
observe organic material electroluminescence by depositing organic materials on thin films
of cellulose or cellophane or by dissolving them in materials such as acridine orange and
applying high alternating voltages in air.>!° In 1960, ohmic dark implanted electrode contacts
to organic crystals were developed by Martin Pope and his co-workers at New York
University, which described the energetic requirements for hole and electron injection
electrode contact, which became the basis for charge injection in all modern OLED devices.
Since the first discovery of luminescence in anthracene single crystal by W.Helfirich, et al.
in 1965, Tang and VanSlyke at Eastman Kodak reported the double-layered device using
tris(8-hydroxyquinoline) aluminum (Alq3) as the emitting and electron-transporting layer in
1987.3# They reported that tris(8-hydroxyquinoline) aluminum (Alqs) lowered the device's
driving voltage to less than 10V and improved the efficiency to 1.5Im/W.
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Electroluminescence (EL) performance is improved 2-3 times using the doping method.*
Through their research report, many research groups were actively involved in the study of
electroluminescence. Commercialization began in 1997 when flat displays that used the form
of organic polymers light emitting OLEDs were applied to automotive stereo displays.
Nowadays, various products are being produced based on the advantages of OLED. In
particular, more and more products are applied with thinner displays to emit light on their
own, and wearable displays are being developed a lot using flexible features. In addition, by
increasing the production yield and upgrading the vacuum deposition technology, the price
is getting cheaper and the demand is increasing, and LED and LCD are being replaced by
OLED. However, among the three primary colors of light, red and green, the drawbacks of
OLED, such as short lifetime and sharp drop-off with higher efficiency, have been resolved
to some extent as the 2nd generation OLED shifts, but the blue OLED is still in the 1st
generation and has low efficiency. It remains a task to be done. Therefore, the cause of the
above problems must be solved through various methods such as spin effect, designing

various compounds, and light extraction.

1-2. Multi-layer OLEDs

Since OLED is a charge injection type light emitting device, the charge injection efficiency
between each interface is the factor that has the greatest influence on the device performance.
The general structure of OLED is to form transparent ITO (indium tin oxide) which is
typically compose as an oxygen-saturated composition with a formulation of 74% In, 18%
02, and 8% Sn by weight. It has the characteristics that the anode and cathode selected
according to electrical conductivity and chemical stability are well transmitted on a
transparent substrate with good light permeability,>° and on top of that, several products with
different transport capabilities are formed. It has a structure in which a multilayer thin film
of organic material and a cathode of an Mg-Ag alloy are sequentially formed. It is a structure
in which cathodes are sequentially formed. The multilayer thin film consists of hole injection
layer (HIL), hole transport layer(HTL), emitting layer (EML: Emitting Layer), Al-Poly (p- It

is composed of an electron transport layer (ETL), electron injection layer (EIL) and this
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organic thin film is about 100 nm. The main purposes of this general structure are reducing
each injection barrier promotes charge carrier injection. Also, the recombination region is
moved to the center of the device, preventing quenching of excitons in the electrode.” A hole
injection layer (HIL) is contained a metal complex salt of Co or Ga or PEDOT:PSS or Cu-
PC and that is located between the anode and the hole transport layer to lower the hole
injection energy barrier.® In the hole transport layer(HTL), electron-donating molecules with
a small ionization potential are used to facilitate hole injection from the anode, and styrene,
benzoxazine, benzocyclobutane, diamine, triamine, and tetraamine derivatives based on
triphenylamine are mainly used.” An emitting layer (EML: Emitting Layer) is a layer that
emits red, blue, and green light by recombination of injected electrons and holes, and the
spectrum is determined according to the binding energy in the light emitting layer. Therefore,
the luminous color is determined depending on the luminescent layer forming material. This
layer can be a material made of organic molecules or polymers with high efficiency, lifetime
and color purity.® Al-Poly which is composed of an electron transport layer (ETL) such as
phenylene vinylene mainly uses Bebq2 PBD, OXD, TAZ, etc. to smoothly transport the
electrons supplied from the cathode to the light emitting layer and suppress the movement of
unbound holes in the light emitting layer to increase the chance of recombination in the light
emitting layer.® In particular, some devices use an electron injection layer because OLED is
a current-driven device through which a large amount of current flows, and this potential
drop causes energy and efficiency losses. Additionally, the large potential drop across these
layers causes Joule heating, leading to device failure. Therefore, efficient organic material-
based devices require a reduction in the barriers faced by charge carriers while traversing the
path from each electrode to the active layer of the device. The choice of these charge injection
and transport layers is also an important issue. To this end, there have been several attempts
to use an electron injection buffer layer or a low work function cathode to easily inject
electrons from the cathode.!® Electron affinity, cathode It should have excellent adhesion to
the electrode. The cathode is usually a low work function metal alloy (¢w =~ 2.9—4.0 eV). The
cathode injects electrons into the emissive layer. It should be transparent in the top emission
device and stable to the organic layer below it.® In conventional OLEDs, the charge carriers
(holes and electrons) are unbalanced. So, When holes pass through the light emitting layer

and go to the cathode, the lifetime and efficiency of the device are reduced. In some cases,
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the insertion of a hole blocking layer (HBL) with a very low HOMO level in an OLED which
is formed on the light emitting layer helps to modify the charge carrier balance, improve
brightness and emission efficiency, or confine excitons within the emissive layer.!! Contrary
to the method of preventing the cathode from reaching the anode, material properties of the
hole transport layer and the hole injection layer with a high LUMO level are sometimes

required to prevent electrons from reaching the anode.

8
Table. 1
Materials generally used in different layers of OLED’s.
Layer of OLED’s Materials generally used in different layers of OLED’s
Anode High work function; ITO, 1Z0, ZNO; TCP (PANI, PEDOT);

Au, Pt, Ni, p-Si; ITO; Surface treatment; Plasma (O,
NHj3); Solution (Aquaregia); Thin insulator AlOy, SiOy;
RuOx (4.9eV); MoOx (5.4eV)

Cathode Low work function; Mg:Ag: Li:Al; Ca. . ; thin insulator;
LiF; MgO,.

HIL HOMO level; Spiro-TAD; CuPc; m-MTDATA; PTCDA;
2TNATA; TPD; NPD; DPVB;, .. .; PPV; PVK; Dendrimer

ETL LUMO level; Alqs; Bebqy; PBD; OXD; TAZ; BCP

EML: Dopant Alqgs; CPB; Balq; DPVBI; Rubrene; Spiro DPVBI;

Quinacridone; Coumarin; DSA; Ir(ppy)s; Pt(OEP);
emitting assistant; rare earth complexes

2-10VDC

Figure 1. Schematic overview of OLED device.

1-3. Working Principle of OLEDs

A current flows from cathode to anode through the device as electrons are injected from the
cathode into the LUMO of the organic layer and exit from the HOMO at the anode.
Electrostatic forces attract electrons and holes to each other and combine to form excitons.

Since electrons and holes are fermions with a spin S=1/2, when they meet and recombine to
— 4 —



form an exciton in a certain part of the luminous body, the triplet exciton with S=1 and the
two spins are symmetrically arranged. Singlet excitons with S=0 arranged antisymmetrically
are generated in a ratio of 3:1.!2 The decay from the triplet state increases the time since the
spin is before inhibition and adversely affects the internal efficiency of the fluorescent device.
In contrast, phosphorescent organic light emitting diodes use spin-orbit interactions to
promote intersystem crossing (ISC) between singlet and triplet states, thereby increasing
internal efficiency in such a way that electrons move from singlet to triplet states and
emit.!>!* Light is generated as these excitons move to the ground state. At this time, the
wavelength length representing the color is determined by the energy difference between
HOMO and LUMO, and the generated light is emitted toward the anode, which is a

transparent electrode.

e &~
HTL -2 o =
HIL el o
- Metal
(O]
ITo 1 © |
- ©
bl +)
4+

Figure 2. Working principle of OLEDs

1-4. Thermally Activated Delayed Fluorescence (TADF)

So far, the types of OLED are divided into three generations. The first generation is
fluorescence, which is emitted only in the singlet state, so the efficiency is very low with 25%
internal quantum efficiency (IQE), but the color purity is very good. The second generation
typically uses heavy metals as phosphorescence. The second generation typically uses heavy
metals as phosphorescence, 75% triplet excitons in triplet state are used. 25% singlet excitons
in singlet state also are used through intersystem crossing (ISC) with spin orbit coupling
(SOC) due to heavy metal properties. As a result, 100% IQE can be achieved, and color
purity is good, just like the first generation.!> However, using heavy metals such as Ir and Pt,
it is expensive, unstable, and has a very long lifetime.!® The 3rd generation TADF uses singlet
and triplet excitons as in phosphorescence. Contrary to phosphorescence, excitons reversing

intersystem crossing (RISC) from triplet state to singlet state can give 100% IQE.'® (Figure.
— 5 —



3) It is made of purely organic material and has the advantage of low cost and short lifetime,

but has the disadvantage of low color purity.

SmaII. K\
_ 000, \\/"!!_._!T1 M : \)—Tl
IsC l l l l 1SC
S, Se So

Fluorescence Phosphorescence TADF

Figure 3. The Generation of OLEDs.

The most important value during the TADF process is the AEst value, which is the interval
between the singlet excited state and the triplet excited state. The optimal condition for this is
AEst <0.2 eV. Also, there must be a twist between donor and acceptor. The reason is that there
have a dihedral angles through twist between the donor and the acceptor, So the HOMO and
LUMO have well be separated and then the overlap rate of conjugation is reduced, thereby
reducing AEst, increasing the SOC, and can have fast RISC and strong molecular CT excited
states.!”!31” Having strong SOC and RISC can reduce phenomena such as triplet—triplet
annihilation (TTA), sin-glet—triplet annihilation (STA), and exciton—polaron quenching,

thereby improving roll-off.?

O

TMCzBCO
CEJ, 2021, 423, 130224

v-DABNA
TDBA-Ac

Nat. Photonics,
2019, 13, 540-546

Nat. Photonics, 2019,13, 678-682



Figure 4. Structures of TADF emitters for OLEDs.

Therefore molecular rigidity is important to achieve TADF efficiently. Different conformations
of'a molecule can yield different TADF efficiencies, consequently flexible donors or acceptors

should be avoided."?,!”



2. TADF emitters containing triarylboron

Among the many reports on OLED, there are many acceptors containing boron. It has come
a long way since the concept of triaylborane was first published by Willams and Kaim.2%->!-22
The reason is that it does not satisfy the boron octect rule, so it can act as an excellent acceptor
through p-n* conjugation between the empty p orbital at the center of boron and the -
conjugation framework of the aryl group bonded to boron. the boron center can be protected
from attack by nucleophilic substances such as water in the air by substituting a bulky aromatic
group because it is easily attacked by nucleophiles due to the nature of boron, which is an
electrophile.'® In addition, sufficient kinetic stability and large three-dimensional volume can
be formed (Figure. 5). Yamaguchi and coworkers synthesized triphenylborane and 9,10-
diphenyl-9,10-dihydro-9,10-diboraanthracene with additional structural constraints based on
this system, and reported for the first time proving the kinetic stability of triphenylborane
(Figure 6).%° In a form surrounding the aromatic group around boron, the structure is solid and
locked through the connection between aromatic groups, so it is kinetically stable from
nucleophilic attack by Lewis basis. When the above properties of triarylborane are applied to
TADEF, triarylboran which is strong Lewis acid acts as a good acceptor for the D-A organic nt-
conjugated system, and can emit strong intramolecular charge-transfer (ICT) by combining

with a donor which has a large electronic dipole.**

(b) ©

W

Figure 5. Characteristic features of boron atom in the tryarylborane n-conjugated system.
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Figure 6. (a) triphenylborane, (b) 9,10-diphenyl-9,10-dihydro-9,10-diboraanthracene

3. Research Scopes

While many TADF-related compounds have been reported, it is still challenging as device
lifetime and stability have not been resolved . To solve this, it is necessary to improve the SOC
to reduce triplet-triplet annihilation (TTA), sin-glet-triplet annihilation (STA), and exciton-
polaron quenching, which typically increase exciton deactivation processes and to strengthen
the bond between donor and acceptor. Recently, it has been reported that the triaylborane type
BCO acceptor dramatically reduces the lifetime through fast RISC caused by n-n*?°. The strong
electron-accepting of triaylborane was further improved by bonding a carbonyl group to
triaylborane. Furthermore, the CT excited state characteristic of the parent triarylboron
dominant nt(Ar) to pz(B) could be deactivated, which is not suitable for achieving effective
SOC with the 1CT state of the emitter.?” while SOC and RISC usually occur between 1CT(S1)
and 3CT(T1), In the case of the BCO acceptor, n-n* state of the carbonyl group is located in
3LE (T2) and a 3nn* state could provide a viable route to allow the effective SOC with the
1CT state. so strong SOC and fast RISC occurred in 1CT-3LE, which is shorter than AEST of
1CT-3CT. Therefore, we targeted a compound with higher device efficiency by strengthening
the bond between the BCO acceptor and donor with these properties. So, we targeted a
compound with higher device efficiency by strengthening the bond between the BCO acceptor
and donor with these properties. Herein, we report three planar donor-acceptor type TADF
emitters, CzMeBCO(1), BuCzMeBCO(2) and EtCzMeBCO(3). Stronger bonding and stability
were expected by connecting the donor of the planar carbazole structure and the acceptor with

a C-C bond through the Suzuki reaction. In solution, all compounds exhibit normal
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fluorescence in deep blue region (426-429 nm) with the PLQY of 93% for (2) , 79% for (1)
and 77% for (3). However, in the film doped with PMMA, all compounds exhibit the
color(skyblue, green) and delay lifetime (1-16 ps) with the PLQY of 85% for (2) , 78% for (1)
and 60% for (3). Through TGA, it was confirmed that (2) with Tds of 405 °C had good thermal
stability.

I1. Experiment

1. Chemical and instrumentation

All operations were performed under an inert nitrogen atmosphere using standard Schlenk
and glovebox techniques. Anhydrous grade solvents (Aldrich) were dried by passing them
through an activated alumina column and stored over activated molecular sieves (5 A).
Spectrophotometric-grade solvents for photophysical measurements were used as received
from Aldrich and Merck. Commercial reagents were used without further purification after
purchase. Deuterated solvents from Cambridge isotope Laboratories were used. NMR
spectra were recorded on a Bruker AM 300 (300.13 MHz for 'H, 75.48 MHz for '*C, 96.29
MHz for ''B) spectrometer at ambient temperature. Chemical shifts are given in parts per
million (ppm), and are referenced against external Me4Si ('H, 1*C), BF;OEt, (6 0 ppm, ''B).
Elemental analyses were performed on a Flash 2000 elemental analyzer (Thermo Scientific)
at University of Ulsan. Melting point (mp) was measured by Melting Point Apparatus
SMP30 (Stuart Equipment). Thermogravimetric analysis (TGA) was performed with a TA
Instruments Q50 under an N> atmosphere at a heating rate of 10 °C/min. Mass spectra were
obtained on a JEOL JMS700 high-resolution FAB-mass spectrometer (HR FAB-MS) at the
Korea Basic Science Institute, Daegu, Korea. Cyclic voltammetry experiments were

performed using an Autolab/PGSTAT101 system.
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2. Synthesis
All compounds were prepared according to Scheme 1. 2-bromo-4,4,12,12-tetramethyl-4,12-
dihydro-8 H-3a2-boradibenzo[cd,mn]pyren-8-one (Br-BCO) were prepared from the reported

procedure.'? Full experimental details are given below.

4,4'-Dimethyl-2-nitro-1,1'-biphenyl (1a)

NO, A suspension of 4,4'-dimethyl-1,1'-biphenyl (1.0 g, 5.49 mmol) in
. . Acetic acid(20 mL, 347 mmol) was stirred and heated to 80 °C for
O O 30 min under air atmosphere. The reaction mixture was cooled to
room temperature, and nitric acid(8 mL, 40.0 mmol) was added dropwise. After the reaction
mixture was heated for 1 h, the distilled ice water (100 mL) was added. The organic layer was
separated and the aqueous layer was extracted with dichloromethane (100 mL) three times. The
combined organic layer was dried over MgSO4, filtered, and evaporated under reduced
pressure. The crude product was purified by column chromatography using CH>Clz/n-hexane
(1:3, v/v) as an eluent to give 1a as a yellow powder (Yield: 1.09 g, 87%). 'H NMR (CDCls) 6
7.63 (d, J=0.7 Hz, 1H), 7.41-7.38 (m, 1H), 7.31 (d, J= 7.8 Hz, 1H), 7.24-7.17 (m, 4H), 2.46
(s, 3H), 2.39 (s, 3H).

2,7-Dimethyl-9H-carbazole (2a)

O O To a solution of (1) (1.086 g, 4.78 mmol) and triphenylphosphine (3.13
”\ g, 11.9 mmol) were placed and dissolved in 1,2-dichlorobenzene (6.5

H mL). The reaction mixture was refluxed for 16 h. After the mixture was
cooled to room temperature, and removed a solution under reduced pressure and condenses at
70 °C. a diethyl ether solution (100 mL) was added carefully and stirred for 1h. After the filter
cake was washed with diethyl ether, and evaporated under reduced pressure. The obtained
crude product was purified by silica gel column chromatography (diethyl ether/hexane = 1/2,

v/v) and recrystallized to give 0.508 g (48.7 mmol) of 2a in 54% yield as white solids.1H NMR
(CDCl3) 0 7.90 (d, J=7.9 Hz, 1H), 7.17 (sq, 1H), 7.04 (dd, J=7.8, 0.8 Hz, 1H), 2.52 (s, 3H).
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3-Bromo-2,7-dimethyl-9H-carbazole (3a)

Br  Toasolution of NBS (3.13 g, 11.9 mmol) in dry DMC (200 mL) cooled
O O at -78°C was added dropwise (1) (1.086 g, 4.78 mmol) in dry DMC

” (200 mL) under nitrogen for 0.5 h. After worming up to room
temperature, distilled water (100 mL) was slowly added and a turbid mixture was extracted
with CH2Cl, (50 mL x 3). The organic layer was dried over MgSOyg, filtered, and concentrated
under reduced pressure. The crude product was purified by silica gel column chromatography
using CH>Cly/n-hexane (1:5, v/v) as an eluent to give 3a as a white powder (yield: 1.03 g, 57%).
"H NMR (CD:Cl,) 6 8.16 (s, 1H), 7.85 (d, J = 8.0 Hz, 1H), 7.33 (s, 1H), 7.24 (sq, 1H), 7.051

(dq, J=8.1, 0.9 Hz, 1H), 2.52 (d, J = 8.1 Hz, 6H).

(3-Bromo-2,7-dimethyl-9-phenyl-9H-carbazole) (1b)

Br  To a solution of 3a (0.2 g, 0.73 mmol) and copper(I) iodide (0.07 g,

0.37 mmol) and potassium carbonate (0.3 g, 2.17 mmol) in dry DMF

N (10 mL) was added iodobenzene (0.4 mL, 3.63 mmol). After the

@ completion of the addition, the mixture solution was refluxed for 16 h.

After the mixture was cooled to room temperature, The resulting

solution was quenched by the addition of a saturated aqueous NH4Cl solution (100 mL), extract

with ethyl acetate (30 mL x 3). The combined organic layer was dried over MgSOs, filtered

and concentrated under reduced pressure. The crude product was purified by silica gel column

chromatography using CH>Clz/n-hexane (1:5, v/v) as an eluent to give 1b as a white powder

(yield: 0.204 g, 80%). 'H NMR (CD:Cl») 6 8.23 (s, 1H), 7.92 (d, J = 7.8 Hz, 1H), 7.66-7.49

(m, 5H), 7.25 (s, 1H), 7.16 (s, 1H), 7.10 (dd, J= 8.1, 0.9 Hz, 1H), 2.47 (d, J = 7.5 Hz, 6H). *C

NMR (CDCl3) 6 141.64, 140.33, 137.51, 136.52, 135.48, 134.51, 130.06, 127.65, 127.20,

123.35, 123.19, 121.73, 120.06, 119.93, 115.71, 111.25, 110.47, 109.98, 23.91, 22.18. HRMS
(ET): m/z [M]" calcd for C20H16BrN: 349.0466; found: 349.0464.
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(3-Bromo-9-(4-(tert-butyl)phenyl)-2,7-dimethyl-9H-carbazole) (2b)

Br  To a solution of 3a (0.5 g, 1.82 mmol) and copper(I) iodide (0.17 g,

O O 0.89 mmol) and potassium carbonate(0.76 g, 5.50 mol) in dry DMF (10

N mL) was added 4-iodo-tert-butylbenzene (1.62 mL, 9.12 mmol). After

the completion of the addition, the mixture solution was refluxed for 16

h. After the mixture was cooled to room temperature, The resulting

solution was quenched by the addition of a saturated aqueous NH4Cl

solution (100 mL), extract with ethyl acetate (30 mL x 3). The combined organic layer was

dried over MgSOs, filtered and concentrated under reduced pressure. The crude product was

purified by silica gel column chromatography using CH>Clo/n-hexane (1:5, v/v) as an eluent to

give 2b as a white powder (yield: 0.51 g, 68%). 'H NMR (CDCls) § 8.22 (s, 1H), 7.92 (d, J =

7.8 Hz, 1H), 7.61 (dt, J= 8.7 Hz, 2H), 7.43 (dt, J= 8.7 Hz, 2H), 7.23 (s, 1H), 7.16 (s, 1H), 7.09

(d,J=7.8 Hz, 1H), 2.49 (d, J = 6.6 Hz, 6H), 1.44 (s, 9H). *C NMR (CDCl;) 6 150.60, 141.74,

140.44, 136.40, 134.70, 134.39, 126.84, 126.58, 123.27, 123.09, 121.56, 119.97, 119.86,

115.53,111.36, 110.08, 34.84, 31.46, 23.86, 22.16. HRMS (EI): m/z [M]" calcd for C24H24BrN:
405.1092; found: 405.1092.

(3-Bromo-9-ethyl-2,7-dimethyl-9H-carbazole) (3b)

Br  To a solution of 3a (0.3 g, 1.09 mmol) and potassium hydroxide (0.38

g, 6.84 mmol) in dry DMF (10 mL) was allowed to stir at room

K temperature for 0.5 h. the reaction mixture was added iodoethane (0.13

solution was stirred at room temperature for 16 h. The resulting solution was quenched by the

mL, 1.64 mmol). After the completion of the addition, the mixture

addition of a distilled water (100 mL), precipitated white solids were collected via vacuum

filtration to give 3b as a white powder (yield: 0.3 g, 89%). 'H NMR (CDCls) 6 8.18 (s, 1H),

7.88 (d, J=17.9 Hz, 1H), 7.24 (s, 1H), 7.17 (s, 1H), 7.05 (d, J=7.9 Hz, 1H), 4.28 (q, /= 7.2

Hz, 2H), 2.57 (d, J= 7.1 Hz, 6H), 1.41 (td, J= 7.3, 3.7 Hz, 3H). 3*C NMR (CDCl3) § 140.62,

139.33,136.09, 134.01, 123.41, 122.79, 120.60, 120.02, 119.70, 114.58, 110.00, 108.79, 37.44,
13-



24.06,22.31, 13.75. HRMS (EI): m/z [M]" calcd for Ci6Hi6BrN: 301.0466; found: 301.0464.

2-(2,7-Dimethyl-9-phenyl-9H-carbazol-3-yl)-4,4,12,12-tetramethyl-4,12-dihydro-8 H-
3a2-boradibenzo[cd,mn]pyren-8-one (CzMeBCO, 1d)

3-Bromo-2,7-dimethyl-9-phenyl-9H-carbazole (300 mg,
O O 0.857 mmol) was treated with #n-BuLi (0.33 mL, 0.824 mmol)
@ N O O& © in THF (20 mL) at -78 °C. After stirring for 1 h, B(OMe)3
O (0.29mL, 2.601 mmol) was added to the reaction mixture and
further stirred for 1 h. The reaction mixture was acidified with 1.0 M HCI (50 mL) at 298 K.
The crude product was separated and washed with n-hexane. The resulting (2,7-dimethyl-9-
phenyl-9H-carbazol-3-yl)boronic acid (0.170 mg, 0.540 mmol), was combined with Br-BCO
(210 mg, 0.492 mmol) in the presence of Pd(PPh3)4 (28 mg, 0.024 mmol) and K>CO3 (100 mg,
0.724 mmol) in THF/H20 (3:1, v/v, 10 mL). The mixture was refluxed at 90 °C overnight. After
cooling down to room temperature, the reaction mixture was filtered using celite pad and
washed with dichloromethane. The filtrate was concentrated under reduced pressure and
purified by column chromatography on silica gel using dichloromethane/n-hexane (1:3, v/v) as
eluent to afford CzMeBCO as a bright yellow solid (Yield: 131 mg, 43%). '"H NMR (CD,Cly)
08.25(dd, J=17.8, 0.9 Hz, 2H), 8.09 (s, 1H), 8.10-8.00 (m, 3H), 7.82 (m, 4H), 7.72-7.60 (m,
4H), 7.53 (m, 1H), 7.36 (s, 1H), 7.24 (sq, 1H), 7.13 (dq, J = 8.1 Hz, 1H), 2.49 (d, J = 2.1 Hz,
6H), 1.87 (s, 12H). C NMR (CD:Cly) § 188.99, 156.28, 156.16, 148.70, 141.72, 140.75,
138.21, 137.73, 136.23, 135.09, 133.43, 133.30, 131.46, 129.96, 127.47, 127.15, 126.20,
125.32, 121.67, 121.56, 121.06, 121.00, 119.77, 110.99, 109.96, 43.12, 33.25, 21.85, 21.50.
"B NMR (CDCls): 6 47.8. Anal. calcd (%) for C4sH3¢BNO: C 87.52, H 5.88, N 2.27; found: C
87.14,H 6.23, N 2.21.

2-(9-(4-(tert-Butyl)phenyl)-2,7-dimethyl-9 H-carbazol-3-yl)-4,4,12,12-tetramethyl-4,12-
dihydro-8H-3a2-boradibenzo|cd,mn]|pyren-8-one (BuCzMeBCO, 2d)
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3-Bromo-9-(4-(tert-butyl)phenyl)-2,7-dimethyl-9 H-

@ D eI
carbazole (445 mg, 1.10 mmol) was treated with n-BuLi
" O O& ° (0.43 mL, 1.04 mmol) in THF (20 mL) at -78 °C. After
>(© O stirring for 1 h, B(OMe)3 (0.37mL, 3.29 mmol) was added
to the reaction mixture and further stirred for 1 h. The reaction mixture was acidified with 1.0
M HCI (50 mL) at 298 K. The crude product was separated and washed with n-hexane. The
resulting (9-(4-(tert-butyl)phenyl)-2,7-dimethyl-9H-carbazol-3-yl)boronic acid (278 mg,
0.749 mmol), was combined with Br-BCO (288 mg, 0.674 mmol) in the presence of Pd(PPh3)4
(39 mg, 0.034 mmol) and K>CO3 (145 mg, 1.05 mmol) in THF/H>O (3:1, v/v, 10 mL). The
mixture was refluxed at 90 °C overnight. After cooling down to room temperature, the reaction
mixture was filtered using celite pad and washed with dichloromethane. The filtrate was
concentrated under reduced pressure and purified by column chromatography on silica gel
using dichloromethane/n-hexane (1:3, v/v) as eluent to afford BuMeBCO as a bright yellow
solid (Yield: 252 mg, 55%). Single crystals suitable for an X-ray diffraction study were
obtained by vapor diffusion of methanol into a CoH4Cl> solution of BuMeBCO, affording
colorless crystals. 'H NMR (CD2Cl) J 8.26 (dd, J = 5.7, 0.6 Hz, 2H), 8.10 (s, 1H), 8.03 (dd,
J=114, 4.2 Hz, 3H), 7.85-7.82 (m, 4H), 7.69 (dt, J = 6.6 Hz, 2H), 7.57-7.53 (m, 2H), 7.37
(s, 1H), 7.25 (s, 1H), 7.12 (dd, J = 6.0, 0.6 Hz, 1H), 2.50 (d, J = 1.2 Hz, 6H), 1.86 (s, 12H),
1.46 (s, 9H). 3C NMR (CD2Cl,) § 189.01, 156.29, 156.19, 150.59, 148.78, 141.84, 140.87,
138.23, 136.15, 134.96, 134.95, 133.43, 133.21, 131.45, 126.87, 126.52, 126.22, 125.32,
121.60, 121.42, 121.03, 120.94, 119.74, 111.06, 110.02, 43.13, 34.73, 33.26, 31.20, 21.84,
21.49. "B NMR (CD,CL): § 45.8. Anal. calcd (%) for C4HuBNO: C 87.36, H 6.58, N 2.08;
found: C 87.62, H 6.89, N 2.17.

2-(9-Ethyl-9H-carbazol-3-yl)-4,4,12,12-tetramethyl-4,12-dihydro-8 H-3a2-
boradibenzo[cd,mn]pyren-8-one (EtCzMeBCOQO, 3d)
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3-Bromo-9-ethyl-2,7-dimethyl-9H-carbazole (295 mg,
O Q 0.976 mmol) was treated with n-BuLi (0.41 mL, 1.01
N O Q& O mmol) in THF (20 mL) at -78 °C. After stirring for 1 h,
( O B(OMe);3 (0.36 mL, 2.93 mmol) was added to the reaction
mixture and further stirred for 1 h. The reaction mixture
was acidified with 1.0 M HCI (50 mL) at 298 K. The crude product was separated and washed
with n-hexane. The resulting (9-ethyl-2,7-dimethyl-9H-carbazol-3-yl)boronic acid (220 mg,
0.824 mmol), was combined with Br-BCO (320 mg, 0.749 mmol) in the presence of Pd(PPh3)4
(48 mg, 0.042 mmol) and K>COs3 (158 mg, 1.14 mmol) in THF/H20 (3:1, v/v, 10 mL). The
mixture was refluxed at 90 °C overnight. After cooling down to room temperature, the reaction
mixture was filtered using celite pad and washed with dichloromethane. The filtrate was
concentrated under reduced pressure and purified by column chromatography on silica gel
using dichloromethane/n-hexane (1:3, v/v) as eluent to afford EtCzMeBCO as a bright yellow
solid (Yield: 219 mg, 50%). 'H NMR (CD>Cl,) J 8.26 (d, J = 7.6 Hz, 2H), 8.03 (d, J = 8.0 Hz,
3H), 7.96 (d, J= 7.9 Hz, 1H), 7.88-7.78 (m, 4H), 7.40 (s, 1H), 7.27 (s, 1H), 7.06 (d, J="7.9
Hz, 1H), 4.39 (q, J = 7.2 Hz, 2H), 2.58 (s, 6H), 1.86 (s, 12H), 1.47 (t, J = 7.2 Hz, 3H). 1*C
NMR (CDCly) J 189.02, 156.22, 156.18, 148.94, 140.79, 139.85, 138.20, 135.81, 133.90,
133.41, 132.84, 131.47, 126.28, 125.31, 121.23, 121.15, 120.57, 120.40, 119.83, 109.91,
108.89, 43.11, 37.54, 33.24, 21.98, 21.66, 13.62."'B NMR (CD>Cl,): § 47.1. HRMS (EI): m/z
[M]" calcd for C41H36sBNO: 569.2890; found: aaa.aaa. Anal. caled (%) for C41H36BNO: C 86.46,
H 6.37, N 2.46; found: C aa.aa, H bb.bb, N cc.cc.

X-ray crystallography

A specimen of suitable size and quality was coated with Paratone oil and mounted onto a glass
capillary. The crystallographic measurement was performed using a Bruker Apex II-CCD area
detector diffractometer, with graphite-monochromated MoK radiation (A = 0.71073 A). The
structure was solved by direct methods, and all nonhydrogen atoms were subjected to
anisotropic refinement by full-matrix least-squares on F? by using the SHELXTL/PC package.
Hydrogen atoms were placed at their geometrically calculated positions and were refined riding

on the corresponding carbon atoms with isotropic thermal parameters.
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3. Photophysical measurements.
UV-Vis absorption and PL spectra were recorded on a Varian Cary 100, a HORIBA FluoroMax-
4P spectrophotometer and a FS5 spectrophotometer, respectively. Solution PL spectra were
obtained from oxygen-free and air-saturated toluene solutions (typically 50 uM in toluene).
Absolute photoluminescence quantum yields (PLQYs, @p1) of solutions were measured on an
absolute PL quantum yield spectrophotometer (Quantaurus-QY C11347-11, Hamamatsu
Photonics) equipped with a 3.3 inch integrating sphere. Transient PL decays were measured on
an FS5 spectrophotometer (Edinburgh Instruments) in either time-correlated single-photon
counting (TCSPC) mode (an EPL-375 ps pulsed diode laser as a light source) or multi-channel
scaling (MCS) mode (a microsecond Xenon flashlamp as a light source). The lifetimes of
prompt fluorescence (zp) were estimated by fitting decay curves measured via the TCSPC mode,
while those of delayed fluorescence (zq) were estimated with curves measured via the MCS
mode. The temperature-dependence of PL decay was obtained with an OptistatDN™ cryostat

(Oxford Instruments).

4. Cyclic voltammetry
Cyclic voltammetry measurements were carried out in CH2Cl, (1 x 103 M) with a three-
electrode cell configuration consisting of platinum working and counter electrodes and a
Ag/AgNOs (0.01 M in CHsCN) reference electrode at room temperature. Tetra-n-
butylammonium hexafluorophosphate (0.1 M in CH2Cl2) was used as the supporting electrolyte.
The redox potentials were recorded at a scan rate of 100 mV/s and are reported with reference

to the ferrocene/ferrocenium (Fc/Fc*) redox couple.

II1. Results and discussion

1. Synthesis and characterization.
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A series of Planar-donor-appended compounds with different donors (CzMeBCO,
BuCzMeBCO and EtCzMeBCO) were prepared according to Scheme 1. The carbazole group,
3-bromo-2,7-dimethyl-9H-carbazole, was prepared from 2,7-dimethyl-9H-carbazole via
bromination. The CzMeBr and BuCzMeBr were prepared using Ullmann reaction amination.
EtCzMeBr was prepared using potassium carbonate amination. And Br-BCO acceptor was
prepared from the reported procedure.’® The final Planar-donor-appended compounds
containing BCO acceptors were obtained via Suzuki reaction between Br-BCO accepter and
CzMeB(OH): donor which was prepared by borylation of CzMeBr. The accepter group was
introduced that the boron moiety was prevented from nucleophilic attack to the boron center
and strengthen the rigidity of molecule. All final compounds were characterized by

multinuclear NMR spectroscopy (Figure 7-10) and elemental analysis.

Br Br O
N (ii) N (iv)
; ) &)

CzMeBr (1b)

BuMeBr (2b) CzMeBCO (1d)

EtMeBr (3b) BuMeBCO (2d)
R = Ph, {Bu, Et EtMeBCO (3d)

@ N

Scheme 1. Condition : (i) Cu, Cul, K2COs3, R-I(R = Ph, t-Bop), DMF, reflux, 16 h (1b, 2b);
(i1)) KOH, DMF, RT, 16 h (3b); (iii) n-BuLi, THF, -78°C, RT, 16 h, then B(OMe)3, HCI; (iv)
Pd(PPhs)s, K2CO3, Br-BCO, THF:H20=3:1, reflux, 16 h (1d, 2d, 3d)

The "H NMR spectra of all compounds exhibits singlet of CHs group (5 1.86 ppm)
substituted at the same two dimethyl bridge of BCO and singlet of CH3 group (0 2.49 - 2.58
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ppm) substituted at the same dimethyl carbazole. The 'H NMR spectra of the BuCzMeBCO
showed sharp singlet of (CH3); from tert-butyl benzene (6 1.46 ppm). And EtCzMeBCO
showed quartet CHz and triplet CH3 from carbazole group (6 4.39 ppm, 1.47 ppm). As for ''B
NMR, a tri-coordinated boron center was detected as a broad singlet at 6 47.06 - 47.8 ppm for
all compound, which is consistent with the presence of trigonal planar boron center from BCO
group. Furthermore, from TGA analysis shows thermal stability, giving Tqs value of 387 °C,
405 °C, 262 °C for CzMeBCO, BuCzMeBCO and EtCzMeBCO respectively.
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2. Crystal structure of BuCzMeBCO (2d).

X-ray diffraction studies on BuCzMeBCO distinctly showed nature planar structure in the
planar D—A compounds. To make twist, the BuCz has two methyl to get a steric hindrance, as
judged by the dihedral angles of 49.24 respectively (BuCzMeBCO). The detailed
crystallographic data and the selected bond lengths and angles are given in Table. X-ray crystal

structures are shown in (Figure 11).

Table 1. Selected bond lengths (A) and angles (°) of BuCzMeBCO

BuCzMeBCO

Lengths(A)

B(1)-C(28) 1.505(3)
B(1)-C(33) 1522(3)
B(1)-C(39) 1523(3)
O(1)-C(45) 1.218(3)
N(1)-C(15) 1.427(3)
C(9)-C(25) 1.491(3)
Angles (°)

C(28)-B(1)-C(33) 120.00(17)
C(28)-B(1)-C(39) 119.75(18)
C(33)-B(1)-C(39) 120.24(19)
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Table 2. Crystallographic data and parameters for BuCzMeBCO.

BuCzMeBCO
formula C51H48BCI2NO
formula weight 772.61
crystal system Triclinic
space group P-1
a(d) 10.2270(4)

b (A) 10.7569(4)

c(h) 20.1045(8)

a (°) 86.848

£(°) 82.330

7(°) 67.6810

Vv (A3 2027.69(14)

VA 2

Peatc (9 CM™) 1.265

4 (mm-1) 0.200

F(000) 816

T (K) 173

hkl range -12 —;(;3 14— 14,
—26 — 26

measd refins 57641

unique refIns [Rint] 10125 (0.0380)
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wWR2P all data 0.1823
GOF on F? 1.047
Prin (Max/min) (e A-3) 1.011/-0.581

aR1 = Y||Fo| — |Fc|l/Z|Fol.® wR2 = {[Zw(Fo? — Fc)?J/[Zw(Fo?)?]}2.

Figure 11. X-ray crystal structures of BuCzMeBCO (30% thermal ellipsoids) with atom
label. H atoms are omitted for clarity. Color code: blue = nitrogen; brown = boron; red =

oxygen.

3. Photophysical Properties

The photophysical properties of all compounds, including UV/Vis absorption and
photoluminescence (PL) spectra, were measured in degassed toluene (5.0 x 107> M) at 298 K.
(Figure 12 and Table 3). All the prepared compounds displayed strong absorption in the high
energy region of 250—375 nm that absorption bands from CzMe, BuCzMe, EtCzMe-centered
n—m* transition and the triarylboron-centered m—px(B) charge transfer (CT) transition.”> The
broad low-energy absorptions (ca. 370—440 nm) can be resulted from intramolecular charge

transfer (ICT) transition between the donor and triarylboron acceptors. All compounds show
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the PL spectra which is deep blue color emission (CzMeBCO = 425 nm; BuCzMeBCO = 426
nm; EtCzMeBCO = 429 nm). As for PLQY, compound containing tert-butyl carbazole donor
exhibited high PLQY (BuCzMeBCO = 0.97;) in oxygen free toluene. All compounds have the
large decrease of the PLQY in air-saturated toluene that indicates quenching of the T state by
triplet oxygen, which in turn implies an efficient T1 — S; reverse intersystem crossing (RISC)
in oxygen-free toluene (Table 3). The transient PL decay curves of 1d, 2d and 3d showed one

decay components, i.e., just only nanosecond-range prompt (z,) component at 298 K (Figure

14).
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Table 3. Photophysical data of CzZMeBCO, BuCzMeBCO, EtCzMeBCO

Compd Aabs? [nm] ApL [nm] Dot (%) Tp /ns(%) © wo/pus(%) ¢
D-BAO ) p
Toluene ¢ Film Toluene PMMA Toluene PMMA PMMA
- (Na/air) (5 Wit%) (5 Wt%) (5 Wit%)
CzMe 302,342, 425 493 0.7 (0.01) 0.78 2.45 (99) 10.88 (9) 17.33(91)
347,400
BuCzM 304,343, 426 497 0.93(0.03) 0.85 2.47 (100) 9.91 (24) 14.32 (76)
e 396
EtCzMe 305, 345, 429 513 0.77(0.06) 0.60 3.40 (100) 13.77(65) 1.65 (35)
396

% In oxygen-free toluene at 298 K (5.0 x 107> M); ¥ Absolute photoluminescence quantum yields (PLQYSs) in oxygen-free (N2) and air-
saturated (air) toluene at 298 K; ¢ PL lifetimes of prompt (zp) decay components for the air-saturated toluene solutions at 298 K. The estimated
prompt (Ppr) portions (%) in transient decay curves are given in parentheses. ¢ PL lifetimes of delayed (z4) decay components (oxygen-free

toluene solutions and film at 298 K). The estimated delayed (®pr) portions (%) in transient decay curves are given in parentheses.
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Figure 12. UV/vis absorption (left) and PL spectra (right) of CzMeBCO, BuCzMeBCO and
EtCzMeBCO in toluene (5.0 x 107> M) at 298 K.
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Figure 13. PL spectra of CzMeBCQO, BuCzMeBCO and EtCzMeBCO in PMMA (5 wt%) at 298 K.
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Figure 14. Transient PL decay curves of CzZMeBCO (left), BuCzMeBCO (middle),
EtCzMeBCO (right) in PMMA (5 wt%) at 298 K. The inset shows the decay curves in oxygen-

free (N2) toluene.

Photophysical properties were also measured in spin-coated PMMA film doped with 5% weight (5 wt%)
of compounds (Figure 14). Contrary to solution, the photophysical properties of CzMeBCO,
BuCzMeBCO, and EtCzMeBCO doped on the host film exhibit moderate TADF with PLQY in a value
of 0.60-0.85. This is because that all compounds in the aggregated state can make the dihedral angle (0)
with twisting between donor and acceptor, intramolecular movement is largely inhibited by spatial
disturbances and IC channels are blocked. therefore the conjugation was restricted and that leading to an
intramolecular charge transfer (ICT) state with a small AEst gap.>® However, in the solution case, these
structures are flexible and can not make the dihedral angle (0). So these exhibit the non-fluorescence by
ICT state which is come from D-A conjugation. All compounds in film (i.e. CzMeBCO = 493 nm;
BuCzMeBCO =497 nm; EtCzMeBCO = 513 nm) were red-shifted of ca. 68-84 nm compared to solution
data (i.e. CzMeBCO = 425 nm; BuCzMeBCO = 426 nm; EtCzMeBCO = 429 nm). This is because that

all compounds have a rigidochromic redshifts.
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Figure 15. Fluorescence and phosphorescence spectra of CzMeBCO (top), BuCzMeBCO (middle)
and EtCzMeBCO (bottom) in toluene at 77 K.
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Table 4. Photophysical data of CzZMeBCO, BuCzMeBCO and EtCzMeBCO at 77 K.

Compound Apr [nm] EyEr" [eV] AEs7’ [meV]

CzMeBCO 451 3.038/3.034 3.7
BuCzMeBCO 450 2.784/2.773 11
EtCzMeBCO 486 2.722/2.716 5.4

9 Esand Erwere calculated from the onset of fluorescence and phosphorescence spectra respectively.

b AEsr=Es - Er.

1 —a— CzMeBCO
0+ —e— BuCzMeBCO
? —i— EtCzMeBCO
@ 0.8-
o
£ 0.6
o
2
= 0.4
£
o 0.2
zZ
0.0
400 500 600 700
Al nm

Figure 17. PL spectra of the host films doped with CzMeBCO (5 wt%), BuCzMeBCO (5 wt%),
EtCzMeBCO(5 wt%).
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4. Electrochemical Properties

The electrochemistry properties of CzZMeBCO, BuCzMeBCO, EtCzMeBCO were carried out by cyclic
voltammetry to understand the character of the frontier orbitals (Figure 18 and Table 5). The half-wave
oxidation potentials (Eox versus Fc/Fc") were 0.722 V (CzMeBCO), 0.717 V (BuCzMeBCO), 0.625 V
(EtCzMeBCO) correspond to the irreversible oxidation from donor moieties. CzMeBCO and
BuCzMeBCO showed similar oxidation potential due to the same moieties of dimethylcarbazol with
phenyl group but in EtCzMeBCO case, that is large than CzMeBCO and BuCzMeBCO due to donating
group.2” Consequently, their HOMO energy levels determined from the half-wave oxidation potentials
were —5.522 eV, —=5.517 eV, —5.425 eV respectively. All reduction potentials were estimated from the
optical band gap (Eg) and the HOMO levels, giving their calculated LUMO energy levels were —2.656
eV (CzMeBCO), —2.667 eV (BuCzMeBCO), —2.607 eV (EtCzMeBCO) respectively.
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Figure 18. Cyclic voltammograms of 1d-3d (0.5 x 10 M in DCM, scan rate = 100 mV/s).

Table 5. Cyclic Voltammetry Data of CzZMeBCO, BuCzMeBCO and EtCzMeBCO.

Compound Eox [V] “HOMO/LUMO [eV] E.’[eV]

1d 0.72 —5.52/-2.66 2.86
2d 0.72 -5.52/-2.67 2.86
3d 0.63 —5.42/-2.61 2.82

All reversible oxidation measured with reference to a Fc/Fc™ redox couple at 298 K. “HOMO energy
levels were estimated by electrochemical oxidation(-4.8-E1/2 ox), whereas LUMO energy levels were

calculated by Enomo + Eg. °E, were estimated by onset of absorption.
5. Solvatochromism

All of the emission bands underwent gradual red shifts with increasing polarity of the solvent These

emission features are consistent with the ICT transition in nature.
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Figure 19. Solvatochromism of 2d (50 uM in solvents, A = 303 nm).

Table 6. Solvatochromism of CzMeBCO, BuCzMeBCO and EtCzMeBCO.

Solvent Aol iom FWHM u €
(nm)
(Debye, D)
Toluene I 431 I 68 I 0.31 I 2.38
ether o1 1.15 4.33
EA 106 1.88 6.02
CHCI, 124 1.15 4.81
DCM 622 160 1.14 8.03
Poly(methyl methacrylate), PMMA 3.0

6. Electroluminescent properties

To validate the electroluminescent (EL) properties of the proposed emitters (1-3d), TADF-OLED
devices possessing the following structures were fabricated: glass/ ITO (150 nm) / HATCN (5 nm) /
NPB (40 nm) / TCTA (10 nm / mCBP:Dopant (30 nm, 5 wt%)/ TmPyPB (40 nm) / LiF (0.7 nm) / Al
(90 nm) (D1-D3). The EL characteristics of the four devices are summarized in Fig. 20 and Table 7.
The devices emit skyblue (D1-D3) lights, which correspond to the following CIE (X, y) color
coordinates: (0.18, 0.38), (0.19, 0.37) and (0.19, 0.38) respectively. The devices incorporating the
emitters containing the same acceptor exhibit smilar CIE coordinates. D1 and D2 have similar EQEs
and the current efficiencies while D3 is lower than both D1 and D2. Particularly, D1 and D2 show
maximum EQEs of 14.7% and 14.5%, respectively. Nevertheless, D1 — D3 underwent efficiency roll-
offs at around 1,000 cd m~2 due to the increased exciton quenching processes such as triplet-triplet
annihilation (TTA) and singlet-triplet annihilation (STA). For D3, the maximum EQES were estimated
to be only half of those of D1 and D2.

The efficiencies were much lower than those of the previous devices employing the donor(TMCz,
DMAC) - BCO emitters (ca. 24%—-28%) [28]. These low device efficiencies could be primarily
attributed to the lower PLQY's of the doped host films and expetially dihedral angle of donor(X-CzMe)-
BCO was lower than donor(TMCz, DMAC) — BCO. Furthermore, severe efficiency roll-offs were
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observed for D3 as the luminance increased. This indicates that thermal stability of D3 was much lower
than D1 — D2 might undergo an dicomposing process in low temperature.

Table 7. Device performances of TADF-OLEDs fabricated with 1-3.

Device? ABL Von PE ‘
CIE (x,y)’ EQE (%)? CE (cdA™YY
(emitter) (nm) (V) (Im W1)¢

D1 (1) 487 (0.19, 0.38) 3.6 14.7/11.5 30.2/18.6 33.7/26.5
D2 (2) 487 (0.19,0.37) 3.6 145/11.6 28.9/18.6 33.0/26.4

D3 (3) 487 (0.19, 0.38) 36 9.6/6.7 19.7/10.4 22.0/15.2

21ITO (150 nm) / HATCN (5 nm) / NPB (40 nm) / TCTA (10 nm / mCBP:Dopant (30 nm, 5 wt%)/ TmPyPB (40 nm) / LiF (0.7
nm) / Al (90 nm)

b Color coordinates (CIE 1931) at maximum luminance.

¢ Applied voltage at a luminance of 1 cd m™.

4 External quantum efficiency: maximum and value at 100 cd m™2.

¢ Power efficiency: maximum and value at 100 cd m2.

f Current efficiency: maximum and value at 100 c¢d m™2.
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Figure 20. (a) Energy level diagram of the devices (eV) relative to the vacuum level. (b) EL spectra of D1-D3. (¢) Current density-voltage-
luminance (J—V—L) characteristics of D1-D3.

IV. Conclusion

Planar-donor-acceptor containing BCO compounds (1d—3d) were prepared and characterized through NMR spectroscophy, elemental analysis,
X-ray crystallography. All compounds in solution exhibit non-fluorescence which was characterized by UV/Vis, PL, PLQY and lifetime
measurements. All compounds show the normal PLQY in the oxygen free toluene. (@rL (%) = 79% for 1d; 93% for 2d; 77% for 3d), but lifetime
is not appeared. However, All compounds coting on the PMMA film exhibited suitable PLQY (@b (%) = 78% for 1d; 85% for 2d; 60% for 3d)
and wavelength which was redshift (68~84 nm) by rigidochromic effect as solid state of compound. All compounds showed normal fluorescence
in solution state while they showed TADF (tp = 1.65—17.33 ps) in rigid state. BuCzMeBCO has high thermal stability (Tgs = 405 °C) due to C—C
bond between donor and acceptor. The findings in this study suggest that the compounds which have C—C bond between donor and acceptor have
a good thermal stability. All compounds showed normal fluorescence in solution while TADF-OLEDs employing 1-3 as dopants exhibited sky
blue emission, the devices with the CzMe, BuCzMe donor-based emitter displayed device performance with maximum EQEs of over 14% in 5

wt% of dopant. The result from this study gives the prospect as a third generation OLED emitting material containing the newly introduced C—C

bond with donor and acceptor.
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