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Carbazole-based nonfullerene acceptors enable 16.6 % PCE
without additives in ternary organic solar cell
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Figure: Schematic representation of the molecular design.

wo series of carbazole-based non-fullerene acceptors
T(NFAS), DTCC-4CI/DTSiC-4Cl  and DTTC-
4FC8/DTTC-4CIC9, were designed in ternary organic
solar cell, affording decent power conversion efficiency
(PCE) of 15.04% and 16.66%, respectively.
The silole units embedded in DTSiC core manifest its

unique o*—m* conjugation feature, leading to the up-
shifted LUMO and high Voc performance in ternary OSC,
exhibiting a decent PCE of 15.04% without additive. Also,
DTTC-based NFAs, with higher LUMO than Y6, were
introduced into PM6:Y 6 host. The PM6:Y6:DTTC-4CIC9
ternary device exhibits an elevated Voc of 0.86 V and PCE
of 16.66% with modified morphology.

* T.-W. Chen, J.-Y. Yu, Y.-W. Lin, S.-H. Peng, S.-H. Wu, Y.-J. Su, V. K. Karapala, L. Hong, H. Yao, J. Hou, and C.-S. Hsu,
“Chlorinated Carbon-Bridged and Silicon-Bridged Carbazole-Based Nonfullerene Acceptors Manifest Synergistic Enhancement
in Ternary Organic Solar Cell with Efficiency over 15%”, Sol. RRL, 4, 2000357, (2020).

*J. Chen and C.-S. Hsu, Journal of Material Chemistry A, in press.
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Large area organic photovoltaic panel on 30 cm by 20 cm
substrate with a power conversion efficiency of 9.5%
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Figure: Large-area organic PV module with 9.5%.

t is desirable to have semi-transparent solar cells, such
Ithat the areas below can still be used. Organic
photovoltaic (OPV), or organic solar cell, is a promising
emerging technology because of its semi-transparency and
easy solution process. Herein, we present a large-area and
solution-processable OPV module. The active light
absorbing layer is coated with mean thickness of 100 nm
and variation below 10 nm. The module achieved a power
conversion efficiency of 9.5% with an active area of 216

cm? on a 30 cm by 20 cm substrate. It is the record high

efficiency by far for OPV module as it was published.

* C.-Y. Tsai, Y.-H. Lin, Y.-M. Chang¥*, J.-C. Kao, Y.-C. Liang, C.-C. Liu, J. Qiu, L. Wu, C.-Y. Liao, H.-S. Tan, Y.-C. Chao, S.-F.
Horng, H.-W. Zan, and H.-F. Meng*, F. Li *, “Large area organic photovoltaic modules fabricated on a 30 cm by 20 cm substrate
with a power conversion efficiency of 9.5 %”, Solar Energy Materials & Solar Cells, 218, 110762 (2020).
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A novel two-step approach to fabricate lead-free perovskite
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Figure: Two-step fabrication procedure.

pplying a two-step procedure and solvent engineering

we fabricated a stable tin-based perovskite,
formamidinium-tin-triiodide (FASnI3) solar cell for lead-
free photovoltaic applications. The first step was
deposition of a Snlz layer with solvent dimethyl sulfoxide
(DMSO); the second step applied a cosolvent system
containing hexafluoro-2-propanol (HFP), isopropyl
alcohol (IPA) and chlorobenzene (CB) in ratio 5:5:2 to
deposit the FAI layer on the Snlz layer. The traditional IPA
solvent prevented the formation of a stable FASnI3 layer
such that a stable device could not be fabricated. HFP was
hence used to form hydrogen bonding with IPA and FAI to
retard the crystal growth of FASnls; CB served as anti-
solvent. Ethylenediammonium dihypophosphite (EDAP2)
in the first step was an effective reducing agent to increase
the efficiency of power conversion from ~5 % to ~7 % with
great reproducibility and stability over 4000 h. For the first
time a stable FASnIs solar cell has been produced via a two-
step deposition, which may provide us more flexibility to
control the film quality and crystal structure, via varying
halides and co-additives in the first step and co-cations and
bulky organic cations in the second step, for further
development of tin-based perovskite solar cells with
enhanced device performance and stability.

* S. Shahbazi, M.-Y. Li, A. Fathi, and E. W.-G. Diau*, “Realizing a Cosolvent System for Stable Tin-Based Perovskite Solar Cells
Using a Two-Step Deposition Approach”, ACS Energy Lett. 5, 2508 (2020).
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Triple-junction solar cells of mechanical stacked
GalnP/GaAs on poly-Si
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Figure: Schematic structure of the GalnP/GaAs dual-junction, poly-Si,
and GalnP/GaAs//poly-Si triple-junction solar cells.

The integration of silicon (Si) and I1I-V compound multi-
junction solar cells to function as photovoltaic devices
has been widely investigated to achieve ultrahigh-efficiency
performance in converting solar energy to electric power. In
this study, a mechanical stacking technique is developed to
bond GalnP/GaAs and poly-silicon solar wafers together. A
GalnP/GaAs/poly-Si

mechanically stacked using a low-temperature bonding

triple-junction  solar cell was
process, which involves sprinkling micro metal balls onto a
metal line using a high- optical-transmission spin-coated glue
of  the

GalnP/GaAs/poly- Si triple- junction solar cell were carried

material.  Current—voltage  measurements
out at room temperature both in the dark and under 1 sun with
100 mW/cm? power density using a solar simulator. The
GalnP/GaAs/poly-Si triple-junction solar cell reached an
efficiency of 24.5 % with an open-circuit voltage of 2.68 V, a
short-circuit current density of 12.39 mA/cm?, and a fill-factor

of 73.8 %.
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Highly efficient quantum dot photocatalysts for hydrogen
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Figure: Hydrogen Production on ZnSe-AglnSe,.

inary semiconductor quantum dots such as CdS and
B CdSe have been widely studied as photocatalysts for
hydrogen production, but the high toxicity of Cd
impedes their widespread deployment. Recently, multinary
[-1II-VI-based semiconductors, e.g., AgInS2 and CulnS2,
have emerged as promising alternatives for
environmentally benign photocatalysts.
n this work, we prepared quantum dots (QDs) composed
Iof an alloyed ZnSe—-AglInSe2 (ZAlISe) and evaluated
their photocatalytic activity for H2 production. By
individually controlling the fractions of Zn and Ag, that is,
the ratios of (Ag + In)/(Zn + Ag + In) and Ag/(Ag + In), the
band structure of ZAISe QDs could be finely tuned to
improve their photocatalytic activity. The highest apparent
quantum yield of H2 production reached 3.4 % under

irradiation at 600 nm.

* P.-Y. Hsieh, T. Kameyama, T. Takiyama, K. Masuoka, T. Yamamoto, Y.-J. Hsu*, and T. Torimoto*, “Controlling the visible-light
driven photocatalytic activity of alloyed ZnSe-AgInSe> quantum dots for hydrogen production”, J. Mater. Chem. A, 8, 13142

(2020).
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Multi-stimuli responsive and efficient FRET approaches of
bifluorophores toward ion detections via supramolecular
interactions of photo-switchable polymers and [2]rotaxanes
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Figure: Schematic representations of multi-stimuli responsive photo-
switchable FRET system.

S everal multi-stimuli responsive bi-fluorophoric photo-
switchable polymers, [2](pseudo-)rotaxanes, and host-
guest systems with tetraphenylethylene (TPE)- or
naphthalimide (NI)-functionalized donors and
photochromic merocyanine (MC) acceptor after UV
exposure were developed. By different combinations of
chemical and photo-chemical switchable stimuli, these
Forster resonance energy transfer (FRET) systems could be
interconverted between multiple states. The aggregation-
induced emission (AIE) of TPE and MC units and
aggregation-caused quenching (ACQ) of NI unit were
observed in semi-aqueous solutions, so various FRET
processes occurred to reveal different emission colors in
these bi-fluorophoric systems.

he most effective FRET process with the strongest red

MC emission possessed the attractive ratiometric PL,
so these red-emissive FRET systems showed high
selectivities and sensitivities toward specific ion sensing to
recover the blue or green donor emissions via FRET-OFF
behavior, which showed excellent limit of detection (LOD)
values and were utilized for the cellular imaging of ion
detections in living cells.

*T. T. K. Cuc, P. Q. Nhien, T. M. Khang, C. C. Weng, C. H. Wu, B. T. B. Hue, Y. K. Li, J. I. Wu, and H. C. Lin*, "Optimization of FRET behavior
in photo-switchable [2]rotaxanes containing bi-fluorophoric naphthalimide donor and merocyanine acceptor with sensor approaches toward sulfite

detection", Chem. Mater. 32, 9371 (2020).

* P. Q. Nhien, W. L. Chou, T. T. K. Cuc, T. M. Khang, C. H. Wu, N. Thirumalaivasan, B. T. B. Hue, J. I. Wu, S. P. Wu, and H. C. Lin*, "Multi-
stimuli responsive FRET processes of bifluorophoric AIEgens in an amphiphilic copolymer and its application to cyanide detection in aqueous

media", ACS Appl. Mater. Interfaces, 12, 10959 (2020).

* P. Q. Nhien, T. T. K. Cuc, T. M. Khang, C. H. Wu, B. T. B. Hue, J. I. Wu, B. W. Mansel, H. L. Chen, and H. C. Lin*, "Highly efficient Forster
resonance energy transfer modulations of dual-AlEgens between a tetraphenylethylene donor and a merocyanine acceptor in photo-switchable
[2]rotaxanes and reversible photo-patterning applications", ACS Appl. Mater. Interfaces, 12, 47921 (2020).

* F. C. Ho, Y. J. Huang, C. C. Weng, C. H. Wu, Y. K. Li, J. I. Wu, and H. C. Lin*, "Efficient FRET approaches toward copper(Il) and cyanide
detections via host-guest interactions of photo-switchable [2]pseudo-rotaxane polymers containing naphthalimide and merocyanine moieties", ACS

Appl. Mater. Interfaces, ASAP (2020).
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Lung cancer prediction using breath volatile organic
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Figure: The heat map of 123 VOCs for 316 participants.

Volatile organic compounds (VOCs) derived from
human breath can reflect metabolic changes caused
by diseases and serve as biomarkers to detect lung cancer.
The selected ion flow tube mass spectrometry technique
was used to quantitatively analyze 123 VOCs in breath
samples from 148 patients with histologically confirmed
lung cancers and 168 healthy volunteers. We used the
eXtreme Gradient Boosting (XGBoost), a machine
learning method, to build a prediction model that used
VOC measurements to predict lung cancer's disease state.
The proposed prediction model achieved better

performance than other previous approaches did, with
accuracy, sensitivity, specificity, and AUC being 0.89, 0.82,
0.94, and 0.95, respectively. When further considering the
environmental VOCs' effect, our model can be improved to
reach a 0.91 accuracy, 0.93 sensitivity, 0.88 specificity, and
0.98 AUC.

Lung cancer prediction using breath volatile organic compounds from selected
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Computer-aided pathogenic diagnosis of microbial keratitis
on deep learning techniques
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Figure: The microbial keratitis diagnosis framework.

This research is the first study that used ocular surface
digital images with deep learning techniques to
develop the computer-aided diagnosis system. The
sensitivity of this model has achieved 71 %, which is
higher than the diagnosis by three ophthalmologists
(around 52 %) as well as by foreign ophthalmologists.
Microbial keratitis (MK) is a serious infectious eye
disease that threatens the vision. Early diagnosis
and introduction of precise treatment is the key to avoid
The

infrastructure and the advantages of Al software and

blindness. combination of high-end medical

hardware development is the current focus of the country’s
this

research has a high impact on all aspects of society,

development of medical technology. Therefore,

economy, and academic development.

* M. T. Kuo, B. W. Y. Hsu, and V. S. Tseng, et al. “A deep learning approach in diagnosing fungal keratitis based on corneal

photographs”, Sci. Rep. 10, 14424 (2020).
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An antifouling peptide-based biosensor for determination of
biomarkers in human serum
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Figure: (A) Test on different concentrations of UlaG, (B) Various
proteins tested on the biosensor with or without antifouling
treatment.

‘ x J ¢ report a peptide-based sensor that involves a
multivalent  interaction with UlaG, an
Streptococcus  pneumonia  biomarker. By

integrating the antifouling feature of the sensor, we

improved the S/N ratio of UlaG sensing. The antifouling
layer was fabricated via electrodeposition. The aniline-
modified S7 peptide, an UlaG-binding peptide, was
electrochemically modified to bind onto the antifouling
layer. Bio- analysis confirms that the antifouling S7-

peptide sensor binds strongly to the UlaG with a

dissociation constant (Kd) = 0.5 nM specifically. To show

the potential for clinical application, detection of S.

pneumonia from 50 to 5x104 CFU/mL were successfully

performed in 25 % human serum.

* P.-H. Chang, C.-C. Weng, B.-R. Li*, and Y.-K. Li*, “An antifouling peptide-based biosensor for determination of Streptococcus
pneumonia markers in human serum. Biosensors and Bioelectronic”, 151, 111969 (2020).
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Rapid purification of lung cancer cells in pleural effusion
through spiral microfluidic channels for diagnosis

Improvement
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B isen ks B 10 A AR % BT Among cancer patients, the major reason causing the
JE % ﬁﬁ URpim e o FE A 5N 8 BT i high mortality is metastasis, which means that
TR R REF U R Mg cancer cells invade into the blood or lymph system and

Ao LA 5 R E G AR R form new tumor(s).
% We successfully optimized the system by adjusting
the height of the microchannel and the input
Y B BB GBS VARG A pressure, and used fluorescent microbeads and cancer cells
(4 H @ fe5k spiked in whole blood to visualize the result and calculate
B* 1 E o the focusing and separation efficiency. In view of this, we
highly expect that the CSMD device will be a crucial
improvement in the field of cancer diagnosis in the near

future.

* P. H. Tsou, P. H. Chiang, Z. T. Lin, H. C. Yang, H. L. Song, and B. R. Li, “Rapid purification of lung cancer cells in pleural
effusion through spiral microfluidic channels for diagnosis improvement”, Lab on a Chip, 20, 4007 (2020).

* P. L. Chiu, C. H. Chang, Y. L. Lin, P. H. Tsou, and B. R. Li, “Rapid and safe isolation of human peripheral blood B and T
lymphocytes through spiral microfluidic channels”, Scientific Reports, 9, 1 (2019).
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NIR-II fluorescent Pdots for deep-tissue imaging
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Figure: NIR-Il fluorescent Pdots for bioimaging.

Deep penetration fluorescence imaging in the second
near-infrared (NIR-II) window heralds a new era of
which

vascular/lymphatic anatomy and detailed cancerous tissues

clinical surgery, in high-resolution
can be visualized in real time. Although several types of
fluorescent agents, including inorganic nanostructures and
small organic dyes have been extensively developed
recently, only a few successful examples of NIR-II
fluorescing polymers with much enhanced fluorescence
brightness and photo/colloidal stability have been reported.
Here we describe a series of polymethine-based

semiconducting polymers with intrinsic emission
maxima in the NIR-Ila (1300-1400 nm) window and
absorption maxima ranging from 1082 to 1290 nm. We
Pdots in water with
fluorescence quantum yields of 0.05-0.18 %, and

prepared these polymers as

demonstrated their promising applications in noninvasive
through-skull brain imaging in live mice with remarkable

spatial resolution as well as sig.

* M.-H. Liu, Z. Zhang, Y.-C. Yang, and Y.-H. Chan, "Polymethine-Based Semiconducting Polymer Dots with Narrow-Band
Emission and Absorption/Emission Maxima at NIR-II for Bioimaging", Angew. Chem. Int. Ed. accepted (2020).
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Orbital multichannel Kondo effect in Dirac nodal line IrO;
and RuQO; nanowires
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Figure: Twofold degenerate d,; and d,, orbitals in rutile structure.

Oxygen vacancy-driven orbital multichannel Kondo
effect has been experimentally realized in Dirac
nodal line metals IrO2 and RuOz. In paramagnetic IrOz,
Kondo

antiferromagnetic RuOz orbital one-channel Kondo effect

two-channel effect is observed, while in

is found.
‘ N J ¢ have measured the low-temperature resistivities
of IrO2 and RuO2 nanowires from 300 K down to
50 mK in zero and finite magnetic fields. In IrO2 nanowires,
the resistivity reveals a square-root-temperature increase,
while in RuO2 nanowires the resistivity conforms to a one-
channel Kondo scaling form. In both cases the resistivity is
insensitive to the applied magnetic field, indicating a
nonmagnetic effect. The results are theoretically explained
as originating from the twofold degeneracy of the half-

filled dx; and dy: orbital in the rutile structure of IrO2 and
RuOo.

*S. S. Yeh, T. K. Su, A. S. Lien, F. Zamani, J. Kroha, C. C. Liao, S. Kirchner, and J. J. Lin, “Oxygen vacancy-driven orbital
multichannel Kondo effect in Dirac nodal line metals IrO2 and RuO.”, Nat. Commun. 11, 4749 (2020).

134



br&ébﬁ](‘#iiﬁyﬁlﬁé-%‘ﬁ”ai'ﬂﬁﬂ
Wafer-scale single-crystal hexagonal boron nitride
monolayers on Cu (111)
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Figure: Demonstration of transferring CVD-grown 2” hBN film onto a
4” Si0,/Si wafer.

wo-dimensional  (2D)

materials offer great potential for continuing device

semiconducting  layered
scaling. One key challenge with 2D semiconductors is to
avoid the charge scattering from adjacent dielectrics. An
insulating van der Waals layer of hexagonal boron nitride
(hBN) provides an excellent interface dielectric, efficiently
reducing charge scattering. However, a reliable way of
growing single-crystal hBN films directly on wafers has
yet to be developed for adopting 2D layered materials in
industry.
Here we report the successful epitaxial growth of
single-crystal hBN monolayers on a Cu(111) film
across a 2-inch sapphire wafer. Our first-principles
calculations suggest that the epitaxial growth is enhanced
by lateral docking of hBN to Cu (111) steps, ensuring the
This reliable
approach to producing wafer-scale single-crystal hBN

mono-orientation of hBN monolayers.

paves the way to future 2D electronics.

* T.-A. Chen, C.-P. Chuu, C.-C. Tseng, C.-K. Wen, H.-S. P. Wong, S. Pan, R. Li, T.-A. Chao, W.-C. Chueh, Y. Zhang, Q. Fu, B. L.

Yakobson*, W.-H. Chang*, and L.-J. Li*
579, 219 (2020).

, “Wafer-scale single-crystal hexagonal boron nitride monolayers on Cu (111)”, Nature,
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M01re potential impedes interlayer exciton diffusion
in van der Waals heterostructures
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Figure: Two types of WSe,/MoSe; heterostructures and the
absence/presence of moiré superlattice.

he properties of van der Waals heterostructures are
Tdrastically altered by a tunable moiré superlattice

arising from periodically varying atomic alignment
between the layers. Exciton diffusion represents an
important channel of energy transport in transition metal
dichalcogenides (TMDs).

ere, we demonstrate the rich phenomena of
H in  WSe2/MoSe2

heterostructures by comparing several samples

interlayer exciton diffusion
prepared with chemical vapor deposition (CVD) and
mechanical stacking with accurately controlled twist
angles. We show that the periodicity of the potential
created in a moiré crystal can impact the diffusion of
interlayer excitons dramatically. The diffusion is the
longest in commensurate heterostructures where the moiré

superlattice is completely absent.

* J. Choi, W.-T. Hsu, L.-S. Lu, L. Sun, H.-Y. Cheng, M.-H. Lee, J. Quan, K. Tran, C.-Y. Wang, M. Staab, K. Jones, T. Taniguchi,

K. Watanabe, M.-W. Chu, S. Gwo, S. Kim, C.-K. Shih, X. Li*, and W.-H. Chang*,

Moiré potential impedes interlayer exciton

diffusion in van der Waals heterostructures”, Sci. Adv. 6, eaba8866 (2020).
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Plasma-induced exfoliation of N-MoS; nanosheets and onion-

like graphene-surrounded MoS: nanosheets for a highly
efficient hydrogen evolution reaction
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I R R VERTSF N
ﬁ& e Overpotentlal 118 mV (at 10 Figure: Procedure and setup for the preparation of MoS; nanosheets
mA cm—z)i ﬁi i« ¢4 Tafel slope - 73 covered by graphene nanosheets.
mV dec! -
l j ]\ CREAE SERLE S s I I ere we propose a facile one-pot plasma induced
Yok~ HHY 0 BURA
E N N A fﬁ‘"'}‘ ST aRL MoS: and ultrathin MoS2 nanosheets engulfed within

electrochemical process for the fabrication of N-
§pres it 2 X KA BT onion-like  graphene nanosheets (OGNs@MoS2).
x JTJF e AT L OGNs@MoS2 composites exhibited high HER
G o B ¥ g AR ’E‘J’-*ﬁ? - performance, characterized by a low overpotential of 118
o 1= ° = AR k=3 E [
y i ’ = mV at a current density of 10 mA cm 2, a Tafel slope of 73
R RYER A L N

mV dec .

R A = DA NI =< 4 -2 k-
AL L e demonstrate such a facile and one-step plasma
B(R«:39Q) 0 % b2 AT B

£ 7 fdF ik o weak out-of plane van der Waals interaction—for the

induced exfoliation approach—by cleaving of their

production of layered N-MoS: nanosheets and
OGNs@MoS:2 composite. The OGNs surrounding the
MoS:2 not only exposed the active sites to a greater degree
but also improved the conductivity (R« : 39 Q), thereby

resulting in remarkably enhanced HER activity.

* V. T. Nguyen, T. Y. Yang, P. A. Le, P. J. Yen, Y. L. Chueh, and K. H. Wei, “New Simultaneous Exfoliation and Doping Process
for Generating MX2 Nanosheets for Electrocatalytic Hydrogen Evolution Reaction”, ACS Appl. Mater. Interfaces, 11, 14786~
14795. (2019)

* V. T. Nguyen, T. Y. Yang, P. A. Le, P. J. Yen, Y. L. Chueh, and K. H. Wei, “Plasma-Induced Exfoliation Provides Onion-Like
Graphene- Surrounded MoS2 Nanosheets for a Highly Efficient Hydrogen Evolution Reaction”, ACS Appl. Mater. Interfaces, 12,
11533-11542 (2020).

137



i b

SFEE TR

Mechanically controllable nonlinear dielectrics
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Figure: Schematic of BSTO, BTO systems and their bending states..

In the past decade, strain engineering has been used to
markedly manipulate characteristics of functional
materials such as increasing tunability. In this study, in
order to surmount this obstacle, we adopt flexible
muscovite mica substrate to fabricate epitaxial (Bao.sSro.s)
TiO3 (BSTO) thin films with high and tunable dielectric
constant via van der Waals epitaxy. The combination of X-
ray diffraction and high-resolution transmission electron
microscopy was conducted to reveal the heteroepitaxy of
the BSTO/muscovite system.
Due to the mechanical flexibility of muscovite sheet,
the tunability of dielectric constant were highlighted
by the capacitance-voltage measurement under various
bending measurement. In the bending measurement, the
dielectric constant of BSTO thin films with different
thicknesses was altered nonlinearly and reversibly from -
77 % to 36 % compared to the unbent state. Such a system
composed of flexible BSTO/muscovite heteroepitaxy
delivers a new path way to apply mechanical strain on thin

film system with tunable dielectric feature.

*D. L. Ko, M. F. Tsai, J. W. Chen, P. W. Shao, Y. Z. Tan, J. J. Wang, S. Z. Ho, Y. H. Lai, Y. L. Chueh, Y. C. Chen, D. P. Tsai, L.-Q.
Chen, and Y. H. Chu, “Mechanically controllable nonlinear dielectrics”, Sci. Adv. 6, 3180 (2020).
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