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Design and Synthesis of a Y-Type Thioxanthone-Carbazole for the
Application in Blue and Yellow Organic Light-Emitting Diodes
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Abstract A Y-shaped emitter, TX-Ph2Cz, was designed and synthesized, which uses a thioketone unit as the acceptor and
9,9'-(1,3-phenylene)bis-9H-carbazole as the donor. The compound exhibited blue emission at about 420 nm in diluted solution
and a small change in the different solvents with various polarities. In the mixed tetrahydrofuran (THF)/H20 solvents, emission
bands had a red shift of 36 nm with the increased content of water. According to the single crystal structure, TX-Ph2Cz
showed many intermolecular interaction and the m:-*7 interaction between adjacent molecules would increase the
intermolecular charge transfer. Critically, TX-Ph2Cz exhibited blue emission (440 nm) in the doped device, but yellow
emission (540 nm) in the non-doped device was originated from the excimer of TX-Ph2Cz. Moreover, the maximum current
efficiency and external quantum efficiency of non-doped device were 4.91 cd/A and 2.64%, respectively.

Keywords organic light-emitting diode (OLED); thioxanthone-carbazole derivatives; Y-type structure; excimer

1 Introduction ly, which exhibit great application prospect in the organic
light-emitting diodes (OLEDs), data security protection

High-quality luminescent materials have received tre- and bioimaging. Particularly, emitters with donor-acceptor
mendous attention due to the advantages of easy modifica- (D-A) structure were the most anticipated that have been
tion, low cost, high efficiency and environmentally friend- developed rapidly and the internal quantum efficiency the-

* Corresponding authors. E-mail: sunjing@tyut.edu.cn; miaoyanqin@tyut.edu.cn; wanghua001@tyut.edu.cn
Received September 27, 2023; revised November 15, 2023; published online December 28, 2023.
Project supported by the National Natural Science Foundation of China (Nos. 62074109, 6207031407), the Joint Funds of the National Natural Science Foun-
dation of China (No. U21A20492), and the Science and Technology Innovation Talent Team Project of Shanxi Province (No. 202204051001013).
XK H SRRl H 4 (Nos. 62074109, 6207031407) . [ 5K [ 48 B} 2 56 & Z BE 4 B 6 (No. U21A20492) Al 1) 76 45 R 82 61 81 A A4 BA i 2 1% (No.
202204051001013) % Bh 5 H .

1210 http://sioc-journal.cn/  © 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Chin. J. Org. Chem. 2024, 44,1210~1217



Chinese Journal of Organic Chemistry

oretically achieved 100% through effective reverse inter-
system crossing.l'* However, it is still a great challenge to
establish the relationship between structure and perfor-
mance. Nowadays, novel design strategies were proposed
to optimize and improve the photophysical properties. The
general methods were to modulate the electron donating
ability of donor, electron withdrawing ability of acceptor,
substituent positions and so on. Through rational structural
optimization, excellent electroluminescent (EL) perfor-
mance was achieved.58! It is also found that in the D-A
emitters there is not only intramolecular charge transfer
(intra-CT) but also intermolecular charge transfer (in-
ter-CT) that was generally called as exciplex. It has already
been proved that inter-CT in the linear D-A emitters would
perfect the electronic structure and improve the luminous
efficiency.’!% However, the exciplex materials with in-
ter-CT were usually reported in the doped systems!!!!3]
that exhibited monochromatic light or white light emission.
Regrettably, it was difficult to prepare the high-quality
OLEDs based on these materials owing to the multilayer
device structure, phase separation and high cost. Therefore,
it was very important to develop the high-quality inter-CT
emitters between the molecules themselves, especially the
configurations of D-A structure.

Recently, different conjugated or flexible spacers were
introduced to optimize the charge transfer process in some
D-A emitters and new-type luminous mechanism was
proposed.['*1% The above spacer has changed the steric
configuration and considerable inter-CT was dominated
because of the strong intermolecular interaction. In 2022,
Su’s group!'”! adopted a non-conjugated planar spacer to
connect the donor and acceptor that the intermolecular
distance was shortened and strong intermolecular interac-
tion was obtained. Owing to the appearance of inter-CT,
the compound exhibited a maximum external quantum
efficiency (EQEmax) of 21.9%.17 In 2023, Yang and his
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co-workers!'®] reported a hybrid local and charge-transfer
(HLCT) material (TRZ-TPM) by optimizing the distance
between the donor and acceptor. It exhibited blue emission
with an EQEmax of 2.5% in the doped device and an 84 nm
red-shift with an EQEmax of 1.9% in the non-doped device
due to the formation of excimer. Based on this, it is con-
firmed that inter-CT was important for twisted D-A mole-
cules and EL performance would be perfected, such as the
light color and luminous efficiency.!'*-2%

In this work, we chose n-conjugated thioxanthone units
as the acceptor and 9,9'-(1,3-phenylene)bis-9H-carbazole
as the donor to construct the Y-type emitter (TX-Ph2Cz).
Owing to the rigid conjugated structure, TX-Ph2Cz would
have large steric hindrance and the dipole moment in the
excited state would be influenced by aggregation. On this
basis, intermolecular interaction enhanced and inter-CT
state could dominate, providing another radiative transition
channel to use the excitons. According to our assumptions,
TX-Ph2Cz exhibits excellent electroluminescent proper-
ties with an excellent excimer emission (540 nm) with an
EQEax of 2.64%.

2 Results and discussion

2.1 Molecular synthesis and characterization

In order to design the Y-typed emitter, we firstly chose
two carbazole groups as the donors and thioxanthone units
as the acceptors, and then the above functional units were
connected to the 1-, 3- and 5-positions of benzene. Owing
to the asymmetrical Y-typed structure, charge transfer
process from the donor to the acceptor would be affected
in the process of aggregation. In addition, all intermediates
and final product were synthesized by nucleophilic substi-
tution, cyclization and Suzuki coupled reaction that had
considerable synthetic yields and simple purification pro-
cess. The structures of intermediates were confirmed by 'H
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Scheme 1 Synthesis route of the intermediates and TX-Ph2Cz
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NMR spectra and references, and the final product was
confirmed by 'H NMR, 3C NMR, high-resolution mass
spectra (HRMS) and elemental analysis. Moreover, the
final product exhibited good solubility in the different sol-
vents.

2.2 Thermal stability

Thermogravimetric analysis (TGA) and differential
scanning calorimetry (DSC) curves were used to study the
thermal stability of TX-Ph2Cz. As shown in Figure 1, the
decomposition temperature (73, corresponding to 5%
weight loss) is 383 “C and the glass transition temperature
(Tp) is 142 C. It indicates that the thermal stability of
TX-Ph2Cz meets the requirements of forming good and
stable morphology in the preparation of OLED devices.
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Figure 1 TGA curve and DSC curve of TX-Ph2Cz

2.3 Electrochemical property

Cyclic voltammetry (CV) curve using the ferrocene (Fc)
as an internal standard was carried out to explore the elec-
trochemical property (Figure 2). The initial oxidation peak
of Fc is 0.497 V. There is an oxidation peak at 0.810 V
belonging to TX-Ph2Cz. According to the formula of
Enomo= —[Eox— Er.+4.8],211 the HOMO energy level of
TX-Ph2Cz is —5.13 eV (Table 1). From the absorption
spectra, the absorption edge (413 nm) is obtained and then
the energy gap (E,) is 3.00 eV. Correspondingly, the LU-
MO energy level (—2.13 eV) is calculated from the for-
mula of ELUMO:EHOMO +Eg.

2.4 Photophysical properties

The UV-vis absorption and photoluminescence (PL)
spectra in the different solvents (10™° mol/L) with various
polarities are shown in Figures 3a and 3b. With the in-
creasing polarities, the absorption bands have no obvious
change, indicating that it has a smaller ground state dipole
moment. The absorption peaks before 350 nm are attribut-
ed to the m-mt* transition of the carbazole groups, the absor-
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Figure 2 CV curve of TX-Ph2Cz

ption peaks at 350~375 nm belongs to the absorption of
thioxanthone groups, and the absorption peaks at 375~
410 nm are due to the intramolecular charge transfer tran-
sition from the donor to the acceptor. PL spectra (Figure
3b) shows that the emission peaks in different solvents are
at about 420 nm belonging to the local excited (LE) state.
It is found that emission bands in the solvents with high
polarity have low intensity and another emission band at
about 560 nm belongs to the charge transfer state. Moreo-
ver, the delay curve of TX-Ph2Cz in toluene solution is
1.11 ns. The PL emission at room temperature and phos-
phorescence emission at 77 K in 2-methyltetrahydrofuran
solution are shown in Figure 3¢. By calculation, the lowest
singlet energy level (S;) and lowest triplet energy level
(T)) are 3.04 and 2.67 eV, respectively, and the energy gap
(AEst) between S; and T, is 0.37 eV indicating that the
reverse intersystem crossing process cannot occur in the
single-molecular state. The emission bands and intensity
changes in different THF/H,O (THF: tetrahydrofuran) sol-
vents with the various volume content of water (0~99
vol%) are shown in Figure 3d. It can be seen that emission
intensities increase with the increasing volume content of
water and the emission bands have a 36 nm red-shift owing
to the aggregation. The photographs of TX-Ph2Cz in the
pure THF solution and THF/H,O solution with 99% (vol-
ume fraction) water content are deep blue and sky blue,
respectively. From the above results, it indicates that
TX-Ph2Cz has an aggregation-induced enhanced emission
(AIEE) property. Furthermore, TX-Ph2Cz has ns magni-
tude lifetime that shortens with the increasing water con-
tent. It indicates that in the relatively tight aggregation
TX-Ph2Cz has rapid radiative transition channel for the
singlet excitons. The emission band in the solid is 462 nm.
In addition, PL spectrum in the pure film exhibits blue
emission at 458 nm with a photoluminescence quantum
yield (PLQY) of 1.74%.

Table 1 Summary of thermal stability, electrochemical and photophysical properties

Compound Aabs®/nm ApL/nm

TJd'C Ty'C HOMO/eV LUMO/eV 74ns

Do b1%  Si/eV Ti/eV  AEst/eV

TX-Ph2Cz 315,339,389  420%458> 383 142

—5.13

—2.13 1.11 1.74 3.04 2.67 0.37

“ In the toluene solution; * in the pure film.
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Figure 3 UV-vis absorption spectra (a) and PL spectra (b) of TX-Ph2Cz in different solvents (1073 mol/L) with various polarities, PL
spectrum and phosphorescence spectrum (c) at 77K in 2-methyltetrahydrofuran solution, and PL spectra (d) in the different THF/H.0O

solution (inset: photographs of TX-Ph2Cz)

2.5 Theoretical calculation

In order to explore the excited-state characteristics, nat-
ural transition orbitals (NTOs) analysis of TX-Ph2Cz was
investigated by density functional theory (DFT) calculation
at B3LYP/6-31G* level and exported by Multiwfn 3.8
based on Gaussian output results (Figure 4). To ensure
accuracy, 10 singlet and 10 triplet states were calculated. It
is found that the AEst between S; and T; is 0.329 eV and
no reverse intersystem crossing (RISC) process would ap-
pear. The overlap integrals ((¥h%.)) are 0.045 for S; and
0.650 for T, indicating the transitions of charge transfer
state and locally excited (LE) state, respectively. Spin orbit
coupling matrix elements (SOCME) were also calculated
via the ORCA 5.0.1 package. Owing to the introduction of
heteroatoms, spin-orbit coupling (SOC) value between S;
and T, is relatively large that would enhance the ISC pro-
cess. However, the SOC value between Sy and T, is small
indicating that high-effective radiative transition channel
for triplet excitons is difficult. Thereby, serious quenching
of singlet excitons and triplet excitons would appear and
the luminous efficiency is relatively low.

2.6 Single crystal

Transparent single crystal of TX-Ph2Cz was obtained
from the mixed solution of petroleum ether and dichloro-
methane (V' © V=1 ! 1) and characterized by single crystal
X-ray diffraction (Figure 5). It belongs to a monoclinic
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system with the space group of P21/n (CCDC: 2291912)
and exhibits head-to-head cross parallel arrangement. The
torsion angle between thioxanthone unit and benzene ring
is 29.66° and the torsion angles between two carbazole
groups and benzene ring are 47.02° and 38.72°, respec-
tively. From the stacking of dimer, the crystal has many
intramolecular interactions of C—H+--O, C—H+**xt, ©***7
and C—H---H—C with the distances of 0.2341, 0.2810,
0.3329 and 0.2235 nm, respectively. It indicated that
TX-Ph2Cz crystal has relatively tight arrangement and
good rigid environment owing to the conjugated groups. It
is also found that the interaction of @***m is originated from
the conjugated thioxanthone unit and carbazole group,
thereby effective intermolecular charge transfer state
would present between the adjacent molecules.

2.7 Electroluminescent properties

To further investigate the electroluminescent properties,
device configuration of ITO/MoO; (3 nm)/TAPC (40 nm)/
TCTA (10 nm)/CBP: 3% and 100% (mass fraction) TX-
Ph2Cz (20 nm)/TmPyPB (50 nm)/LiF (1 nm)/Al (100 nm)
was adopted to prepare the evaporated OLEDs. Among the
device (Figure 6a), 4-[1-[4-[bis(4-methylphenyl)amino]-
phenyl]cyclohexyl]-N-(3-methylphenyl)-N-(4-methylphe-
yl)benzenamine (TAPC) and 4,4'.4"-tris(carbazol-9-yl)-
trienylamine (TCTA) were the hole transporting layer,
4,4'-bis(N-carbazolyl)-1,1'-biphenyl (CBP) acted as the

http://sioc-journal.cn/ 1213
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Figure 6 Device architecture and energy-level diagram of the functional materials (a) and PL spectra of the evaporated films (b)

host materials, 3,3'-[5'-[3-(3-pyridinyl)phenyl][1,1":3',1"-
terphenyl]-3,3"-diyl]bispyridine (TmPyPB) was used as
electron transporting layer. The energy levels in the device
indicates that the exciplex emission between the TX-
Ph2Cz and TmPyPB might be obtained. The PL spectra of
the doped film were tested (Figure 6b). Regrettably, there
1214
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is no exciplex emission. Amorphous pure film of TX-
Ph2Cz has stronger intermolecular charge transfer state
that causes a red-shift with the emission peaks of 458 nm
in the PL spectra. From EL spectra (Figure 7a, Table 2),
the doped device with 3% (mass fraction) TX-Ph2Cz ex-
hibits a blue emission at 440 nm with the chromaticity co-

Chin. J. Org. Chem. 2024, 44,1210~1217
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ordinate (CIE) of (0.169, 0.084) and a full width at half
maximum (FWHM) of 35 nm. However, the non-doped
device shows a yellow emission at 540 nm with the CIE of
(0.340, 0.463) and FWHM of 60 nm. It can be explained as
that the compound is electroactive and radical anions of
oxygen maybe generate. At the same time, the interaction
appears between the radical anions of oxygen and sulfur
atom on the thioxanthone groups, thereby the excimer
emission by molecular themselves is dominated in the
non-doped devices.??! Additionally, the turn-on voltages of
TX-Ph2Cz are 4.5 and 4.6 V for non-doped and doped
devices indicating the good carrier transporting ability. In
the doped device, TX-Ph2Cz exhibits unsatisfactory EL
performance with the maximum external quantum effi-
ciency (EQEmax) of only 0.25%. In contrast, the non-doped
device of TX-Ph2Cz shows a maximum EQE of 2.64%, a
maximum current efficiency (CE) of 4.91 cd/A and a
maximum power efficiency (PE) of 3.32 Im/W, which are
higher than the literature.'® The above results illustrates
that the new excimer emission provides an effective radia-
tive transition channel and further investigation is going
on.

3 Conclusions

In summary, we designed and synthesized a novel
Y-typed emitter (TX-Ph2Cz) using thioxanthone units as
the acceptor and 9,9'-(1,3-phenylene)bis-9H-carbazole as
the donor. Owing to the weak electron withdrawing ability
of thioxanthone units, TX-Ph2Cz exhibits blue emission at
about 420 nm in the diluted solution with small change in
the different solvents with various polarities. In the differ-
ent THF/H,O solvents (1~99 vol%), the emission bands
have a red shift of 36 nm. According to the single crystal,
TX-Ph2Cz shows many intermolecular interaction (C—
H:--O, C—H-**w, n***n, C—H--*H—C) that is conducive
to the intermolecular charge transfer state. Critically, TX-
Ph2Cz exhibits blue emission (440 nm) in the doped de-
vice, but yellow emission (540 nm) in the non-doped de-
vice that originates from the excimer emission of TX-
Ph2Cz themselves. Moreover, the maximum current effi-
ciency and external quantum efficiency of non-doped de-
vice are 4.91 cd/A and 2.64%, respectively. It illustrates
that excimer emission from the luminescent materials is

Table 2 Summary of electroluminescent properties for TX-Ph2Cz

Device Aenm  Voo/V. Lmax/(cdem 2)  CEmax/(cd*A™ ')  PEmax/(Im*W ')  EQEmax/% FWHM/mm  CIE (x, y)
TX-Ph2Cz 540 4.5 1445 491 3.32 2.64 60 (0.340, 0.463)
3% TX-Ph2Cz 440 4.6 224.8 0.19 0.12 0.25 35 (0.169, 0.084)
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Figure 7 Electroluminescent properties of TX-Ph2Cz: EL spectra at 5 V (a), J-V-L curve (b), CE-L-PE curve (c) and EQE-L curve (d)
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an effective strategy to improve the electroluminescent
performance.

4 Experimental section

4.1 Instruments and reagents

'H NMR and *C NMR spectra were recorded on a
Bruker DRX 600 spectrometer at 400 and 101 MHz, re-
spectively. Mass spectra were measured on a Bruker ultra-
flex MALDI-TOF/TOF spectrometry. The TGA curve was
tested by a Netzsch TG 209F3 that heated from 100 C to
700 C with a temperature rate of 5 ‘C/min under nitro-
gen atmosphere. The DSC curve was tested by a DSC
Q2000 thermal analyzer, which was heated from 50 C to
250 ‘C with a temperature rate of 10 ‘C/min under nitro-
gen atmosphere, then rapidly cooled to room temperature
and heated to 250 C. T, was determined by the position of
the inflection point in the second heating sweep curve.
Cyclic voltammetry was measured by a CHI 660E elec-
trochemical workstation. UV-vis spectra and fluorescence
emission spectra were recorded by a Lambda Bio 40, a
HORIBA FluoroMax-4 spectrophotometer and an Edin-
burgh FLS 980 spectrometer, respectively. X-ray single
crystal diffraction was obtained on a Bruker D2 phaser
X-ray diffractometer. The calculation of TX-Ph2Cz was
studied from the density functional theory (DFT) using
b3lyp functional with 6-31G(d) as the basic set through the
Gaussian 09 program package. Electroluminescent devices
were prepared under the vacuum degree of 5X 1075 Pa.
Electroluminescence (EL) spectra were measured by the
equipment of PR-655 spectrophotometer. The current den-
sity-voltage-luminance (J-V-L) characteristics were tested
by the equipment of Keithley 2400 Source Meter and
ST-900M Spot Brightness Meter. Except for specially
stressed tests, general tests were recorded at room temper-
ature.

4.2 Synthesis
4.2.1 Synthesis of 9,9'-(5-bromo-1,3-phenylene)bis-
(9H-carbazole) (Ph2CzBr)

Under nitrogen atmosphere, 9H-carbazole (3.34 g, 20
mmol), potassium fert-butoxide (2.24 g, 20 mmol) and
dimethyl sulfoxide (20 mL) were added in the reaction
bottle and stirred at 120 C for 30 min, and then
1-bromo-3,5-difluorobenzene (1.93 g, 10 mmol) was add-
ed. The reaction mixture was stirred at 140 C for 2 h.
After cooling to the room temperature, the reaction mixture
was extracted by chloroform and deionized water. Then,
organic layer was dried, filtrated and evaporated in turn.
The crude product was purified by column chromatog-
raphy on silica gel with dichloromethane/petroleum ether
as eluent. Finally, white powder of Ph2CzBr was obtained
with 72% yield (3.51 g). 'H NMR (400 MHz, Chloro-
form-d) J: 8.15 (dt, J=7.7, 1.0 Hz, 4H), 7.87 (d, J=1.9
Hz, 2H), 7.80 (t, J=1.9 Hz, 1H), 7.55 (dt, J=8.3, 0.9 Hz,
4H), 7.47 (ddd, J=8.3, 7.1, 1.2 Hz, 4H), 7.33 (ddd, J=
8.0, 7.1, 1.0 Hz, 4H). The data of '"H NMR spectra is con-
sistent with previously reported data (Ref. [23]).
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4.2.2 Synthesis of 9,9'-(5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1,3-phenylene)bis(9H-carbazole)
(Ph2Cz-B)

Under nitrogen atmosphere, Ph2CzBr (1 g, 2.05 mmol),
4,4.4'4'5,5,5'",5"-octamethyl-2,2'-bi(1,3,2-dioxaborolane)
(0.78 g, 3.075 mmol) and potassium acetate (0.603 g, 6.15
mmol) were dissolved in anhydrous 1,4-dioxane (15 mL).
Soon afterwards, 1,1'-bis(diphenylphosphino)ferrocene]-
dichloropalladium (IT) (0.15 g, 0.205 mmol) was added
into the reaction solution. The mixture was refluxed at
80 ‘C for 14 h. After cooling to room temperature, the
reaction mixture was extracted, dried and evaporated. The
crude product was purified by column chromatography on
silica gel with ethyl acetate/petroleum ether as eluents.
Finally, Ph2Cz-B was obtained as a white powder with a
yield of 61% (0.67 g). '"H NMR (400 MHz, Chloroform-d)
o: 8.15 (dt, J/=7.8, 0.9 Hz, 4H), 8.12 (d, J=2.1 Hz, 2H),
7.88 (t, J=2.1 Hz, 1H), 7.52 (dt, J/=28.3, 1.0 Hz, 4H), 7.45
(ddd, J=8.2, 7.0, 1.2 Hz, 4H), 7.31 (ddd, J=17.9, 7.1, 1.1
Hz, 4H), 1.37 (s, 12H). The data of '"H NMR spectra is
consistent with previously reported data (Ref. [24]).

423 Synthesis of 2-bromo-9H-thioxanthen-9-one
(TX-Br)

2-Mercaptobenzoic acid (10 g, 65 mmol) was slowly
added to a mixed solution of concentrated sulfuric acid
(100 mL) and bromobenzene (14 mL, 134 mmol). The
mixture became reddish-brown liquid, and then sulfur di-
oxide gas generated that must be removed by sodium hy-
droxide solution. The reaction solution was heated to
100 'C and kept for 3~5 h until the color was dark
brown. After cooling to room temperature, the mixture was
poured into ice water and yellow precipitate produced. The
residue was purified by column chromatography on silica
gel (dichloromethane/petroleum ether). Finally, yellow-
green solid of TX-Br with 65% yield (12.3 g) was ob-
tained. '"H NMR (400 MHz, Chloroform-d) 6: 8.75 (d,
J=2.2 Hz, 1H), 8.61 (dd, J=38.1, 1.4 Hz, 1H), 7.71 (dd,
J=8.6,2.2 Hz, 1H), 7.67~7.62 (m, 1H), 7.58 (dd, J=8.2,
1.3 Hz, 1H), 7.50 (ddd, /=38.2, 6.9, 1.3 Hz, 1H), 7.46 (d,
J=8.6 Hz, 1H). The data of '"H NMR spectra is consistent
with previously reported data (Ref. [25]).

4.2.4 Synthesis of 2-(3,5-di(9H-carbazol-9-yl)phenyl)-
9H-thioxanthen-9-one (TX-Ph2Cz)

Under nitrogen atmosphere, TX-Br (1 g, 3.43 mmol),
Ph2Cz-B (1.93 g, 3.61 mmol), toluene (90 mL), and 2
mol/L aqueous potassium carbonate (5 mL) were added to
a 250 mL flask, and then stirred at room temperature. The
catalyst of tetrakis(triphenylphosphine)palladium (400 mg)
was added and the reaction solution was slowly heated to
110 ‘C for 24 h. After cooling to room temperature, the
mixture was extracted, dried, filtered and evaporated. The
residue was purified by silica-gel column chromatography
using dichloromethane/petroleum ether as eluents. TX-
Ph2Cz was obtained as light green powder with 24.3%
yield (0.515 g). "H NMR (400 MHz, Chloroform-d) J: 8.97
(d, J=2.1 Hz, 1H), 8.64 (dd, /=38.1, 1.0 Hz, 1H), 8.18 (d,
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J=7.7 Hz, 4H), 8.05 (d, /=1.9 Hz, 2H), 7.97 (dd, J=28.4,
22 Hz, 1H), 7.86 (t, J=1.8 Hz, 1H), 7.73 (d, J/=8.4 Hz,
1H), 7.69~7.59 (m, 6H), 7.54~7.45 (m, 5H), 7.39~7.30
(m, 4H); '3C NMR (100 MHz, Chloroform-d) J: 179.67,
143.20, 140.58, 140.13, 137.42, 137.29, 136.93, 132.51,
130.79, 130.01, 129.66, 129.13, 128.09, 127.06, 126.60,
126.32, 126.11, 124.46, 124.31, 123.71, 120.53, 109.72.
Anal. calcd for C4sHa6N2OS: C 83.47, H 4.24, N 4.53, S
5.18; found C 84.03, H 4.19, N 4.35, S 5.17. HRMS calcd
for C43H26N>0OS 618.1766, found 618.1793.

Supporting Information 'H NMR spectra of the inter-
mediates Ph2CzBr, Ph2Cz-B and TX-Br; 'H NMR, 3C
NMR, and HFMS spectra of final product TX-Ph2Cz;
photograph of TX-Ph2Cz in different solvents; various PL
intensities in the THF/H,O solution with the increasing
water fraction; transient PL decay curve in the different
THF/H,O solvents; molecular stacking; crystal data and
structure refinement; transient PL delayed curves of
TX-Ph2Cz in the doped and non-doped films; EL spectra
of TX-Ph2Cz in non-doped and doped devices. The Sup-
porting Information is available free of charge via the In-
ternet at http://sioc-journal.cn/.
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