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Abstract

A donor-p-acceptor (D—p—A) type pull-push compound, DMB-TT-TPA, of
triphenylamine as a donor and dimesitylboron as an acceptor, linked through a
thieno[3,2-b]thiophene (TT) p-conjugated linker bearing 4-MeOPh group, was
designed, synthesized and fabricated as an emitter via a solution process for an
organic light-emitting diode (OLED) application. DMB-TT-TPA exhibited absorption
and emission maximums of 411 and 520 nm, respectively, with a mega Stokes shift of
109 nm and fluorescence quantum yields both in solid-state (41%) and in solution
(86%). The optical properties were supported by computational chemistry using
density functional theory for optimized geometry and absorption. A solution-processed
OLED was fabricated using low turn-on voltage, which had performances with
maximum power, current and external quantum efficiencies of 6.70% Im.W-', 10.6 cd.A

Tand 4.61%, respectively.
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Introduction

In recent years, organic electronic has become very attractive due to its various
advantages such as high flexibility, easy designability, low fabrication cost, easy
processing and large-scale fabrication [1-4]. Especially in display technology, organic-
based materials have been used in many application areas such as OLED, micro-LED,
LCD, laser and photodiode by applying thin film method and solution process [5-8].
The performance of organic electronic is based on active layer composition as well as

fabrication methods and processing parameters. The organic active layers have been
composed of various aromatic P-conjugated small molecules/polymers including

thiophene, anthracene, carbazole and triphenylamine [9-13].

Thienothiophenes are two annulated thiophene rings having four isomers, among
which the most widely used form is thieno[3,2-b]thiophene (TT) [14-19]. They are
electron rich, flat and electron delocalized systems. These structural properties make
them promising materials to construct conjugated energy-based semiconductors for
OLEDs [20-23], perovskite solar cells [24,25], organic field-effect transistors (OFETSs)

[26-28], capacitors [29,30], hybrid films [31] and photosensitizers [32-34]. Another
important p-conjugated unit is triphenylamine (TPA), having 6.80 eV ionization
potential, lower than many organic cores, providing a strong electron donating ability
for organic electronic applications [12,35]. Dimesitylboron (DMB), with its unoccupied

p-orbital, is an electron acceptor organoboron compound used in several donor-

acceptor systems to provide the system with pull-push interaction [36,37].



In this work, we have designed and synthesized a D-p-A model pull-push fluorophore,

DMB-TT-TPA, having TPA and DMB units as donor and acceptor linked through 4-
MeOPh substituted TT core as a p-spacer. The photophysical properties of the
fluorophore were investigated by spectroscopic methods. Moreover, DMB-TT-TPA
was fabricated as an emitter for organic light-emitting diode applying a solution
process. DMB-TT-TPA displayed excellent performances both in device application
and as photophysical properties, i.e. maximum solution fluorescence quantum yield of
86% in THF, maximum solid-state fluorescence quantum yield of 41%, maximum

current efficiency of 10.6 cd/A and maximum power efficiency of 6.70% Im/W.

Results and Discussion

Design and Synthesis

A donor-p-acceptor (D-p-A) type material, DMB-TT-TPA, was synthesized following
our method reported previously [20-23,36]. Initially, synthesis of the core unit,
thieno[3,2-b]thiophen 3, was conducted starting from 3-bromothiophene 1, from which
monoketone 2, was constructed in one-pot three step reaction in 83% yield, i.e. (i)
lithiation of 1 with n-butyllithium at -78 °C, (ii) additions of elemental sulfur and, then,
(iii) 2-bromo-1-(4-methoxyphenyl)ethanone. The ring closure reaction in the presence
of polyphosphoric acid in refluxing chlorobenzene gave 3 (TT) in 86%, which was
brominated with NBS to obtain the brominated TT 4 in 88% yield. TPA-borolane (6)
was constructed in one-pot two step reaction in 83% vyield, i.e. (i) lithiation of 5 with n-
butyllithium at -78 °C and (ii) addition of 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane. The mono-brominated TT (4) was subjected to palladium (0) catalyzed

Suzuki coupling with TPA-borolane (6) to give 7 in 81%, lithiation of which with -BuLi



and then addition of dimesitylboron fluoride produced the target D-p-A material, DMB-

TT-TPA, in 85% yield (Scheme 1).
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Scheme 1: Synthesis of DMB-TT-TPA.

Photophysical Properties

The optical properties (UV-Vis absorption and emission spectra) of DMB-TT-TPA were
investigated in THF at room temperature (Figure 1 and Table 1). It showed maximum
absorption and emission wavelengths of 411 and 520 nm (ex. at Amax), respectively,
producing a mega Stokes shift of 109 nm (5100 cm-"), which is due to a fast relaxation
from excited state to ground state as a result of strong intramolecular energy-transfer
between triphenylamine and boron units through thieno[3,2-b]thiophene (TT). The
optical band gap (Eoptic) of DMB-TT-TPA was calculated to be 2.52 eV from the onset
threshold wavelength of the absorption spectra at 491 nm. It displayed high solid-state

and in solution (THF) quantum efficiencies of 41 and 86%, respectively. The
4



remarkable quantum efficiencies indicated that DMB-TT-TPA is among the best D-p-

A modal fluorophores suitable for an OLED application.
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Figure 1: Absorption and emission of DMB-TT-TPA in THF. Figure 1 was adapted with
permission of Institution of Chemical Engineers (IChemE) and The Royal Society of
Chemistry from [38] (“Cationic and radical polymerization using a boron—
thienothiophene—triphenylamine based D-11-A type photosensitizer under white LED
irradiation”) by A. Suerkan et al., Mol. Syst. Des. Eng., vol. 8, issue 10, © 2023);
permission conveyed through Copyright Clearance Center, Inc. This content is not

subject to CC BY 4.0.

Table 1: Photophysical data of DMB-TT-TPA.

UVmax® UVonset Flmax® AP EopticC quolidd Dsol®
Compound
(nm) (nm) (nm) (cm™) (eV) % %
DMB-TT-TPA 411 491 520 5100 2.52 41 86

aAbsorption and fluorescence maxima in THF. b Stokes shift (cm™) Av = 1/Amax -1/Aem.
¢ Eoptic from the onset of absorption spectra. ¢ Solid state quantum yield. ¢ Solution state

quantum yield in THF.



OLED Application

An OLED was fabricated using a standard conventional device architecture of
ITO/PEDOT: PSS/TFB/TAPC: TCTA: emitter (DMB-TT-TPA) /TPBi /LiF/Ca/Ag, where
TFB, TCTA/TAPC and TPBi acted as hole transport, hole transporting host and
electron transport materials, respectively (Figure S1). The current efficiency-
luminance-voltage (J-LV) graph and power efficiency (PE), external quantum efficiency
(EQE) and electroluminescence curves were depicted in Figures 2 and 3, respectively.
The OLED of DMB-TT-TPA showed a low turn-on voltage (Von) of 2.90 V, max current
efficiency (CEmax) of 10.6 cd/A, max luminance of 752 cd/m?, max power efficiency
(PEmax) of 6.70 Im/W and external quantum efficiency (EQE) of 4.61%, along with a
green emitting luminescence at 512 nm. According to the CIE color space chromaticity
diagram, the device was located at the coordinates of 0.16 and 0.51. The obtained EL
results are in good agreement with the fluorescence characteristic of DMB-TT-TPA. In
terms of the TT chemistry, the device results reached remarkable values for donor-p-

acceptor type solution processable emitters within donor-acceptor family [38-41].
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Figure 2: (a) Current Efficiency-Luminance, (b) Current Efficiency-Voltage, (c)
Luminance-Voltage and (d) Current Density-Voltage characteristics of the DMB-TT-

TPA.
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Table 2: Photophysical data of DMB-TT-TPA.

Von?@ CE® Lec Ig ¢ EQE®© | PEmax' CIE ¢
Molecule
(V) | (cd/A) |(cdim?) | (nm) | (%) | (ImMW) (% y)
DMB-TT-TPA | 2.9 10.6 752 512 4 .61 6.70 (0.16, 0.51)

aTurn-on voltage, recorded at the luminance of 1 cd.m?. PMaximum current efficiency.

°Maximum luminance. °Maximum electro-luminescence wavelength. 9Maximum

current efficiency. ®Maximum external quantum efficiency. fMaximum power efficiency.

9Chromaticity coordinates according to the CIE 1931 diagram.




Thermal Properties

The thermal properties of DMB-TT-TPA were investigated through thermal gravimetric
analysis (TGA) at 750 °C at a heating rate of 10 °C min-' under N2 atmosphere (Figure
4). The initial mass loss (5%) around 120 °C could be due to residual water and/or
solvent. The highest decomposition of DMB-TT-TPA was observed at around 405 °C
and 14% of DMB-TT-TPA remained without ash up to 750 °C, indicating that DMB-TT-
TPA had an excellent thermal stability. The high thermal property is profitable to the

preparation of stable and durable OLED fabrication.
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Figure 4: Thermal gravimetric analyses (TGA) of DMB-TT-TPA.

Computational Chemistry

Ground-state geometry optimization of DMB-TT-TPA was performed using density
functional theory (DFT) at B3LYP/6-31G (d, p) level, Gaussian’16 software (Figure S2)
[42]. The highest occupied molecular orbital (HOMO) and the lowest unoccupied
molecular orbital (LUMO) energy levels were calculated to be -4.93 and -1.83 eV,

respectively (Figure 5). While the HOMO electrons were distributed mainly on the



triphenylamine and TT units, the LUMO was found to be delocalized through the

dimesitylboron and TT ring.

Figure 5. HOMO and LUMO diagrams calculated at the B3LYP/6-31G (d, p) level of
theory.

On the basis of the optimized ground-state geometry, time-dependent DFT (TD-DFT)
calculations were conducted in THF to investigate the absorption properties and
theoretical band gap (Table 3). The optical band gap value (Eoptic) was calculated to be
2.06 eV, considering the Aonset (605 nm) of the UV-Vis curve. The calculated absorption
maximum was centered at 470 nm (Figure S3), which was found to be in a good

agreement with the experimentally determined UV-Vis spectrum.
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Table 3. The HOMO and LUMO energy levels, and absorption values calculated by

TD-B3LYP/6-31G (d, p) level of theory.

HOMO LUMO Amax Aonset Eoptic
Compound
(eV) (eV) (nm) (nm) (eV)
DMB-TT-TPA -4.93 -1.83 470 605 2.06
Conclusion

A small fluorophore molecule, DMB-TT-TPA, containing dimesitylboron as an
acceptor, triphenylamine as a donor linked through thieno[3,2-b]thiophen, having a 4-
MeOPh group, was designed as a D-p-A modal and synthesized in 85% vyield. Its
photophysical properties were investigated by UV-Vis and fluorescence
spectroscopies. The obtained experimental results were found to be in good
agreement with computational investigations. Its OLED, where DMB-TT-TPA was
employed as an emitter, showed a maximum luminescence efficiency of 752 cd/m?, a
maximum external quantum efficiency of 4.61%, a maximum power efficiency of 6.70%
and a maximum current efficiency of 10.6 cd/A on 2.9 V turn on voltage with CIE
coordinates of 0.16 and 0.51 at Ie.=512 nm. The OLED, optical and thermal properties
indicated that composition of thienothiophene, triphenylamine and boron is highly

suitable combination for fluorescent organic electronics in display technology.

Supporting Information

Supporting Information File 1

General experimental device methods and theoretical computation data.
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