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a b s t r a c t

A new solution-processable deep red emitter, TCTzC, containing dithienylbenzothiadiazole unit and four
alkyl-linked peripheral carbazole groups, is designed and synthesized in high yield by Suzuki coupling
reaction. The four peripheral carbazole substituents enhance the hole-transport ability, glass transition
temperature, decompose temperature and film forming ability of TCTzC. The single-layered device based
on TCTzC shows saturated deep red electroluminescence with a CIE coordinate of (0.70, 0.30). The
current efficiency and quantum efficiency of TCTzC is two times higher than the compound without the
four peripheral carbazole groups. The higher device performance is obtained when TPBi is applied and
the external quantum efficiency could reach to 0.93%.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Solution-processable emissive compounds have attracted
tremendous attentions during the past decades in organic light-
emitting diodes (OLEDs) field [1e6]. With respect to their poly-
mer counterparts, solution-processable small molecules present
the advantage of precise chemical structures and better repro-
ducibility of synthesis, which facilitates the establishment of
structure-property relationship [7e9]. They offer the possibility
of avoiding the troublesome high-precision mask alignment
during vacuum deposition process. Based on the current devel-
opment of OLED materials [4,10e12], the design and synthesis of
efficient non-doped red emitter with facile synthesis and puri-
fication method, good processability, efficient electron injection/
transport capability and saturated red emission still remains the
key issue [13e17].

Recently, our group reported a series of solution-processable
molecules containing an emissive rigid core and four alkyl-
linked peripheral carbazole groups (Scheme 1a) [18e21]. The
alkyl side chain increases the solubility and flexibility of the
compound, while the peripheral groups and emissive core tune
fax: þ86 431 85168480.
.edu.cn (Y. Ma).
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the properties such as emission color, hole and electron injection
and transport properties. For example, TCBzC (Scheme 1b),
which has a benzothiadiazole unit as the core, had shown highly
efficient green emission in a multi-layered device with a CIE of
(0.34, 0.62) [20]. The single-layered spin-coating device exhibited
the maximum luminous efficiency of 5.7 cd A�1, which is among
the best values of reported solution-processed single-layered
green OLEDs. These kinds of materials may achieve high PL effi-
ciency, bipolar charge injection and transport, and high perfor-
mance of solution-processable OLEDs.

Thus, we designed new dithienylbenzothiadiazole (DBT) unit
to develop saturated deep red emission [16,22,23]. We prepared
a new pure red-emitting soluble DBT derivative, TCTzC, in which
DBT unit is applied to realize the red emission because of its more
conjugated structure (Scheme 1c). For further exploring the effect
of peripheral carbazole groups, the model compoundMOD, which
has the similar structure as TCTzC but without peripheral carba-
zole groups, was also prepared and studied [24]. Herein, we
reported the synthesis and photoelectronic properties of red-
emitting TCTzC. TCTzC shows enhanced thermodynamic
stability, film forming ability and hole-transport ability compared
with MOD. The external quantum efficiency of the single-layered
device is two times higher than that ofMOD, when TPBi is used as
the electron injection layer, the external quantum efficiency can
reach to 0.93%.
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Scheme 1. The structures of a series of solution-processable small molecules (a) and the structures of TCBzC (b) and TCTzC (c).
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2. Experimental part

2.1. Materials and measurement

All the reagents and solvents used for the synthesis were
purchased fromAldrich orAcros companies andusedwithout further
purification. All reactions were performed under a dry nitrogen
atmosphere.

The 1H NMR and spectra were recorded on AVANCZ 500 spec-
trometers at 298 K by utilizing deuterated chloroform (CDCl3) or
dimethyl sulphoxide (DMSO) as solvent and tetramethylsilane
(TMS) as standard. The elemental analysis was operated by Flash EA
1112, CHNS-O elemental analysis instrument. The MALDI-TOF mass
spectra were recorded using an AXIMA-CFR� plus instrument.
Uvevis absorption spectra were recorded on UV-3100 spectro-
photometer. Fluorescencemeasurements were carried out with RF-
5301PC. The differential scanning calorimeter (DSC) analysis was
determined using a NETZSCH (DSC-204) instrument at 10 �C min�1

under nitrogen flushing. Cyclic voltammetry (CV) were performed
with a BAS 100W Bioanalytical Systems, using a glass carbon disk
(F ¼ 3 mm) as working electrode, a platinum wire as auxiliary
electrode and Ag/Agþ as reference electrode. Cyclic voltammetric
studies were carried out containing 0.1 M [n-NBu4][BF4] supporting
electrolyte. All solutions were purged with nitrogen stream for
10 min before measurement. The atomic force microscopy (AFM)
measurement was conducted on a Nanoscope III (DI, USA) in
tapping mode with 100 mm scanner.

2.2. OLEDs fabrication and measurement

The typical device configuration fabricated by spin-coating was
ITO/PEDOT:PSS (40 nm)/TCTzC or MOD/LiF (0.5 nm)/Al (100 nm).
The indium-tin-oxide (ITO)-coated glass with a sheet resistance of
<50 s�1 was used as substrate. Pre-treatment of ITO included
a routine chemical cleaning using detergent and alcohol in
sequence, followed by oxygen plasma cleaning. The PEDOT:PSS
(polyethylene dioxythiophene/polystyrene sulfonate) layer was
spinned onto ITO-coated substrate. The TCTzC or MOD film was
formed on PEDOT:PSS layer by spin-coating its chloroform solution
with a concentration of 10 mg mL�1. The electroluminescent (EL)
spectra and Commission Internationale De L’Eclairage (CIE) coordi-
nation were measured by a PR650 spectroscan spectrometer. The
luminance-current and density-voltage characteristics were recor-
ded simultaneously with the measurement of the EL spectra by
combining the spectrometer with a Keithley model 2400
programmable voltage-current source. All measurements were
carried out at room temperature under ambient conditions.

2.3. Synthesis

2.3.1. 2-(thiophen-2-yl)-1,3,2-dioxaborinane (M1)
2-bromothiophene (7.79 g, 30.90 mmol) was dispersed in dry

THF (100 mL) and added dropwisely into a 250 mL two-necked
round-bottom flask containing Mg dust. Then it was refluxed
until all the Mg dust dissolved. And then, it was transferred to the
solution of trimethyl borate in dry THF at �78 �C. The mixture was
stirred for 15 min at�78 �C and thenwarmed to room temperature
for 30 min. Ice hydrochloric acid (10%) was poured into the mixture
to stop the reaction. The organic layer was extracted with CH2Cl2
and dried with 4 Å molecular sieve for 12 h. After that, the solvent
was removed under reduced pressure. The crude product was
recrystallized from ethanol and yielded colorless crystals.

Yield: 80%. 1H NMR (CDCl3, ppm), d: 7.56 (d, J ¼ 4.8 Hz, 1H), 7.55
(d, J ¼ 3.7 Hz, 1H), 7.16 (t, J ¼ 4.8, 3.7 Hz, 1H), 4.16 (t, J ¼ 5.1, 5.8 Hz,
4H), 2.07 (qui, J ¼ 5.1, 5.8, 2H).

2.3.2. 4,7-di(thiophen-2-yl)benzo[c][1,2,5]thiadiazole (M5)
Amixture ofM1 (1.68 g, 10 mmol),M2 (1.32 g, 4.5 mmol), K2CO3

(3.3 g, 12 mmol), water (6 mL) and toluene (30 mL) was refluxed
under N2 for 48 h. After cooling down to room temperature, the
reaction mixture was poured into cool water and extracted with
CH2Cl2 three times. The crude product was purified by silica-gel
column chromatography using petroleum ether/CH2Cl2 (v:v ¼ 4:1)
as eluent to afford an orange solid.

Yield: 85%. 1H NMR (CDCl3, ppm), d: 8.13 (d, J ¼ 3.6, 1.2 Hz, 2H),
7.89 (s, 2H), 7.47 (d, J¼ 5.1, 1.2 Hz, 2H), 7.22(t, J¼ 5.1, 3.6, 1.2 Hz, 2H).

2.3.3. 4,7-bis(5-bromothiophen-2-yl)benzo[c][1,2,5]thiadiazole
(M6)

A mixture of M5 (1.5 g, 5 mmol), dichloromethane (10 mL) and
DMF (20 mL) was stirred under a nitrogen flow in ice-water bath.
After the solid dissolved completely, N-bromosuccinimide(NBS, 2.2 g,
12 mmol)/DMF (20 mL) was added droply. The reaction mixture was
stirred at room temperature overnight under darkness. After that, the
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formed deep red precipitate was filtered off, and the mixture was
recrystallized from DMF to afford the deep red crystals ofM6.

Yield: 65%. 1H NMR (500MHz) (d6-DMSO) d: 8.17 (s, 2H), 7.98 (d,
J ¼ 3.9, 2H), 7.41 (d, J ¼ 3.9, 2H).

2.3.4. 9,90-(6,60-(2-boron-9H-fluorene-9,9-diyl)bis(hexane-6,1-
diyl))bis (9H-carbazole) (M8)

Bis(pinacolato)diboron (0.28 g, 1.1 mmol), Pd(dppf)2Cl2 (30 mg,
0.03 mmol, 3%) and potassium acetate (0.3 g, 3.0 mmol) were put
into a two-neck round-bottom flask equipped with a stirrer bar and
reflux condenser. Then DMSO (8 mL) was added, and the mixture
was stirred under nitrogen for 10 min. After that M4 (0.74 g,
1.0 mmol) was added. The mixture was kept at 80 �C for 24 h. And
then it was cooled down and extracted with CH2Cl2. The crude
product was purified by silica-gel column chromatography using
petroleumether/CH2Cl2 (1:1, v/v) as eluent to afford a colorless solid.

Yield: 80%. 1H NMR (500 MHz, CDCl3, d): 8.07-8.06 (d, J¼ 7.3 Hz,
4H), 7.82-7.80 (d, J ¼ 7.3 Hz, 1H), 7.71-7.68 (m, 3H), 7.44-7.40
(m, 4H), 7.32-7.27 (m, 5H), 7.24-7.23 (d, J ¼ 5.5 Hz, 2H), 7.22-7.28
(m, 4H), 4.16-4.13 (m, 4H), 1.97-1.86 (m, 4H), 1.68-1.62 (m, 4H), 1.36
(s, 12H), 1.15-1.00 (m, 8H), 0.61-1.47 (m, 4H).

2.3.5. Synthesis of TCTzC
TCTzC was synthesized by Suzuki coupling reaction using

Pd(PPh3)4 as the catalyst. The reaction mixture of M6 (0.2 mmol)
and M7 (0.45 mmol) were stirred at 90 �C for 2 days under
a nitrogen atmosphere, respectively. The reaction was stopped by
water, and the mixture was extracted three times with chloroform.
The organic phase was then dried over anhydrous magnesium
sulfate. After filtration and rotary evaporation, the liquid was
purified by column chromatography using petroleum ether/CH2Cl2
(10:1, v/v) as the eluent to afford a deep-red solid.

Yield: 70%. 1H NMR (500 MHz, DMSO-d6, d): 8.23 (s, 2H), 8.16
(s, 2H), 8.11-8.04 (d, J ¼ 7.6 Hz, 8H), 7.86-7.82 (d, J ¼ 8.2 Hz, 2H),
7.81-7.62 (m, 4H), 7.60-7.10 (m, 4H), 7.49-7.41 (d, J ¼ 8.2 Hz, 8H),
7.40-7.33 (t, J ¼ 7.3, 7.0 Hz, 8H), 7.32-7.21 (m, 8H), 7.16-7.06 (t,
J ¼ 8.2, 7.0 Hz, 8H), 4.28-4.18 (t, J ¼ 7.6, 7.3 Hz, 8H), 2.06-1.84 (m,
8H), 1.55-1.53 (m, 8H), 1.10-0.95 (m, 8H), 0.91-0.72(m, 8H), 0.58-
0.46 (m, 8H). 13C NMR (125 MHz, CDCl3, ppm): 153.0, 151.7, 150.9,
146.8 (carbazole group), 141.5, 140.9, 140.7(carbazole group), 138.8,
133.4, 129.0, 127.8, 127.4, 126.2, 125.9 (carbazole group), 125.7,
125.3, 124.4, 123.1, 120.7, 120.3, 119.0 (carbazole group), 109.0
(carbazole group), 55.7, 43.3, 40.7, 30.4, 29.1, 27.2, 23.9. MALDI-TOF-
MS (m/z): [M þ H]þCalcd for C112H100N6S3: 1625.2; Found:1625.1.
Anal. Calcd. for C112H100N6S3: C, 82.72; H, 6.20; N, 5.17; S, 5.92;
Found: C, 82.55; H, 6.18; N, 5.18.
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Scheme 2. The synthetic route to TCTzC and MOD. (a. Mg dust, trimethyl borate, in THF at �
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2.3.6. Synthesis of MOD
MODwas synthesized with the same procedure as TCTzC. Yield:

60%. 1H NMR (500 MHz, DMSO-d6, d): 8.28-8.25 (d, J ¼ 3.7 Hz, 2H),
8.22 (s, 2H), 7.92-7.88 (d, J¼ 8.2 Hz, 2H), 7.88-7.83 (m, 4H), 7.82-7.76
(m, 4H), 7.50-7.45 (m, 2H), 7.40-7.33 (m, 4H), 2.06-1.99 (m, 8H),
1.13-0.95 (m, 16H), 0.92-0.80 (m, 8H), 0.78-0.65 (m, 8H), 0.62-0.45
(m, 12H). 13C NMR (125 MHz, CDCl3, ppm): 153.1, 152.0, 151.4, 141.6,
140.9, 138.7, 133.3, 129.1, 127.7, 127.3, 126.3, 125.7, 125.2, 124.3,
123.3,120.5,120.2, 55.7, 40.8, 31.9, 30.1, 24.2, 22.9,14.4. MALDI-TOF-
MS (m/z): [Mþ H]þCalcd for C64H72N2S3: 964.4; Found: 965.1. Anal.
Calcd. for C64H72N2S3: C, 79.62; H, 7.52; N, 2.90; S, 9.96; Found: C,
79.54; H, 7.54; N, 2.91.

3. Results and discussion

3.1. Design and synthesis

The synthetic details are shown in Scheme 2. The thio-
phenboronic ester (M1) was synthesized by Grignard reagent
method using bromothiophen as the starting material [25]. This
method shows a higher yield than the traditional one using n-
butyllithium reagents [26,27]. M2, M3, M4 and M7 were prepared
according to our published procedures [18,28e30]. M5 was
synthesized by Suzuki coupling reaction between M1 and M2 with
a high yield of 85%. M6 was prepared by bromonation of M5 with
NBS under darkness with a nearly 70% yield. The hydrogen at the
3,6-position of carbazole inM4was not stable when n-butyllithium
was added, and the yield of M8 was only 5%. To improve the yield,
M4was first reacted with bis(pinacolato)diboron in the presence of
palladium catalyst and potassium acetate, and thus the yield of M8
could be increased to 80% [30e33].

TCTzC and MOD were prepared by Suzuki coupling reaction
between the monomers of M6 or M7 with M8, respectively. The
products were purified by chromatography using petroleum ether/
CH2Cl2 as eluent. The structures of target products, TCTzC and
MOD, were confirmed by 1H NMR, 13C NMR, MALDI-TOF mass
measurement and corresponded well with their respected struc-
tures. They both showed good solubility in common organic
solvents such as dichloromethane, tetrahydrofuran and toluene.

3.2. Structure analysis

Fig. 1 shows the 1H NMR spectra of TCTzC and MOD in the
aromatic range. Because the two oligomers have the same back-
bone, the similar chemical shift and peak shapes are observed. The
resonances that appeared at 8.09(a), 7.43(d), 7.33(b) and 7.13(c)
b
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Fig. 1. 1H NMR spectra of TCTzC and MOD in the aromatic range.
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correspond to the protons resonance of the four peripheral carba-
zole groups [18,20].

3.3. Photophysical properties

The Uvevis absorption spectra of TCTzC and MOD in dilute
tetrahydrofuran (THF) solution and in film state are shown in Fig. 2a
and c, and the relevant data are summarized in Table 1. The
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Fig. 2. Uvevis absorption (a,c) and fluorescence (b,
absorption spectrum of MOD in THF solution has two absorption
bands peaking at 365 and 510 nm, respectively. The absorption
band around 365 nm, is attributed to pep* electronic transitions in
the fluorene backbone [18], which is similar to that observed for
reported fluorene-based oligomers. The low-energy band around
510 nm is attributed to the absorption of the DBT unit incorporated
into the polyfluorene chain (a low energy intramolecular charge
transfer transition) [34,35]. In TCTzC, besides the two bands, three
new high-energy sharp absorption peaks at 260, 291 and 344 nm
are observed which are attributed to transitions of the peripheral
carbazole groups [18].

The absorption spectra of TCTzC and MOD in film state show
similar characteristics as those in THF solution but with a large red-
shift, which might be from the strong pep* intramolecular inter-
actions (Fig. 2c). lonset of two oligomers are both at 800 nm, thus the
band gaps are both calculated to be 1.55 eV.

In THF solution, both of them exhibit very strong deep-red
fluorescence upon excitation at 365 nm (Shown in Fig. 2b). Emis-
sion maximum (lmax) is observed at 618 nm for MOD and 622 nm
for TCTzC, which derives from the intramolecular charge transfer.
The emission of the fluorene unit is completely disappeared in
TCTzC and PL emission came exclusively fromDBT unit [34]. The CT
character of the excited state is further evidenced by the shift of the
lmax in solvents with different polarity. For instance, lmax of TCTzC
is at 587 nm in hexane, 603 nm in toluene, 622 nm in THF, and
648 nm in CH3CN, respectively [36,37]. When TCTzC is excited at
291 nm or 344 nm, no emission from the peripheral carbazole
groups is observed, indicating efficient intramolecular energy
transfer from the carbazole groups to the backbone of TCTzC [18].
The quantum yield of TCTzC is 0.32 in THF using Rhodamine B in
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Table 1
The thermal, photophysical and electrochemistry data of MOD and TCTzC.

Tg (�C) Td (�C) Abs in THF (nm)a PL (nm)b HOMO (eV)c LUMO (eV)c Eg (eV)c

Hexane Toluene THF CH3CN

MOD 54 450 365, 510 585 607 618 623 �5.30 �3.31 1.99
TCTzC 90 486 260, 291, 344, 365, 510 587 603 622 648 �5.24 �3.30 1.94

a Measured in THF (10�5 M).
b Measured in solution (10�5 M).
c Calculated by comparing with ferrocene (Fc) (4.8 eV).
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ethanol as the reference (F ¼ 0.64). In film state, MOD and TCTzC
both show red-shift compared to their solutions which is from the
strong pep* intramolecular interactions. The lmax is at 637 nm for
MOD and 643 nm for TCTzC [6]. Meanwhile, the quantum efficiency
of TCTzC in film is decreased to 0.17.
3.4. Thermal properties

The thermal properties of TCTzC and MOD are investigated by
thermogravimetric analysis (TGA) and differential scanning calo-
rimetry (DSC). As shown in Fig. 3 a, TGA spectra both show two-
step thermal decomposition process, and the 10% loss of weight is
measured to be 450 �C for MOD and 482 �C for TCTzC. Differential
scanning calorimetry (DSC)measurement of TCTzC shows a distinct
glass transition at 90 �C in the second heating run. This value
represents a marked improvement compared to the Tg of 54 �C for
MOD (shown in Fig. 3b). Neither crystallization nor melting peak is
observed upon heating until 300 �C. The improved Tg of TCTzC
originates from the carbazole groups attached to the side chain of
the fluorene. The pep* interaction between carbazole units is like
an anchor which increases the intermolecular twisted degree and
movement barrier [38,39]. From TGA and DSC analysis, TCTzC
shows higher thermal stability, which is very important for the
OLEDs application.
3.5. Electrochemical properties

To compare the electrochemical properties of TCTzC and MOD,
cyclic voltammetry (CV) measurements are performed in a three-
electrode cell using 0.1 M n-Bu4NBF4 as the supporting electrolyte
and ferrocene (Fc) as the internal standard. In oxidation progress,
three peaks are observed in TCTzC, while theMOD shows only two
peaks. New oxidation peak is observed at 0.88 V in TCTzC, which is
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Fig. 3. The DSC (a) and TGA (b)
ascribed to the oxidation of the carbazole units (Fig. 4). This is
consistent with results reported in the literature for the electro-
chemical behavior of carbazole and its derivatives [19,20]. The
highest occupied molecular orbital (HOMO) energy levels are
calculated to be �5.24 eV for TCTzC and �5.30 eV for MOD. The
HOMO energy levels of both compounds approach the work func-
tion of poly(3,4-ethylenedioxythiophene) (PEDOT, �5.2 eV). In
reduction progress, the quasi-reversible redox peaks are both
observed at about 1.41 V, because the same reduction process
occurred on the DBT unit [21]. The LUMO energy levels are calcu-
lated both to be �3.30 eV for TCTzC and MOD.

In previous report of the DBT-based OLEDs, they often showed
good electron injection ability. To get the balanced carrier injection
and transport property, it was often doped with different host
materials such as PFO, PVK and MEH-PPV. Although the OLED
showed high performance, the emission color relied on the doped
concentration and the color purity was not good. In addition, it
increased the cost and flexibility of the device. The introduction of
carbazole units might solve the problem. Enhanced hole injection
ability and balanced the carries injection and transport property
could be expected in TCTzC [22,23,34].
3.6. Morphology properties

TCTzC and MOD both could form continuous amorphous films
when spin-coated from CHCl3 solution (Fig. 5c and d). The atomic
force microscopy (AFM) image of TCTzC film shows a roughness
value of 5.7 nm, whileMOD shows a roughness of 27.5 nm on naked
ITO surface. In general, the crystallization could induce the
molecular self-aggregation [40,41]. The result indicates the carba-
zole groups might disrupt intermolecular interactions and reduce
self-aggregation because of bulky substituent [16]. We also
measured the AFM images of spin-coated TCTzC film on
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Table 2
The devices performance of MOD and TCTzC.

Device CIE (x, y) Voltage
[V]c

Lmax

[cd m�2]
LEmax

[cd A�1]
EQEmax

[%]

MODa (0.65, 0.33) 5.5 81 0.05 0.10
TCTzCa (0.69, 0.31) 6.0 45 0.10 0.27
TCTzCb (0.70, 0.30) 4.0 932 0.22 0.93

a The device structure: ITO/PEDOT (80 nm)/TCTzC or MOD/LiF (0.5 nm)/Al
(120 nm).

b The device structure: ITO/PEDOT/TCTzC/TPBi (50 nm)/LiF (0.5 nm)/Al (100 nm).
c The turn-on voltage (L > 1 cd m�2).
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a PEDOT:PSS layer, which shows a smooth and featureless
morphology with a roughness less than 0.4 nm (Fig. 5a and b),
which is very important for application in OLEDs.
3.7. Electroluminescent properties

The electroluminescent properties of solution-processed TCTzC
is studied in a single-layered electroluminescent device with
a configuration of ITO/PEDOT (80 nm)/TCTzC (45 nm)/LiF (0.5 nm)/
Al (120 nm). The characteristics of the single-layered devices are
summarized in Table 2. The device using TCTzC as the emission
layer exhibits a maximum luminance efficiency of 0.10 cd A�1,
corresponding to an external quantum efficiency of 0.27%. In
contrast, the single-layered device based on MOD shows
Fig. 5. AFM images of spin-coated TCTzC and MOD films at room
a maximum luminance efficiency of 0.05 cd A�1, corresponding to
an external quantum efficiency of 0.10%. The efficiency of TCTzC is
as twice as that of MOD. This is possibly due to the introduction of
carbazole groups which increases the hole injection and transport,
resulting in a dramatic improvement of the EL performance of
TCTzC. And the two compounds both exhibit deep and pure red
emission, and lmax is at 668 nm for TCTzCwith a CIE of (0.69, 0.31),
and 652 nm for MOD with a CIE of (0.65, 0.33), respectively. The
emission is even beyond the PR650 detection range and some light
longer than 780 nm could not be detected. Comparing to the
emission peak in film state, the red shift in EL is observed, which is
quite common in ICT-based materials.

To further improve the device efficiency, applying an electron-
transporting layer between the emitting layer and the anode is
tried. Device with a configuration of ITO/PEDOT/TCTzC/1,3,5-tris(N-
phenylbenzimidazol-2-yl) benzene (TPBi)/LiF (0.5 nm)/Al (100 nm)
has been fabricated, where TPBi acts as a hole-blocking layer and an
electron-transporting layer to confine the carriers in the active
layer. The device exhibits better performance with a maximum
luminance of 932 cd m�2, a maximum luminance efficiency of
0.22 cd A�1, and an external quantum efficiency of 0.93% (Fig. 6a).
The device exhibits deep-red emissionwith a CIE of (0.70 0.30), and
temperature (a, b: on a PEDOT:PSS layer; c, d: on naked ITO).
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this EL efficiency is a good value for deep-red OLEDs) (Fig. 6b).
Furthermore, the electroluminescence spectra of these compounds
are stable with increasing voltage, and no other emission is
observed.

4. Conclusions

In summary, a soluble red fluorescent molecular glass based on
dithienylbenzothiadiazole, TCTzC, has been synthesized in high
yield by Suzuki coupling reaction. The four peripheral carbazole
substituents improve the hole injection ability, glass transition
temperature, decompose temperature and the forming film ability.
The single-layered OLED based on TCTzC shows deep red electro-
luminescencewith two time higher efficiency than the onewithout
peripheral carbazole groups. The external quantum efficiencies of
a double-layered device could reach to 0.93%. Solution-processable
saturated red emitter is got by our design strategy.
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