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Film-based fluorescence sensors rank fourth in officially released
2022 IUPAC Top 10 Emerging Technologies in Chemistry
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On November 28, 2022, at
the closing ceremony of the 4th
World Science and Technology
Development Forum themed
“Openness, Trust and Cooperation”,
Shuai Zhigang, member of IUPAC
Executive Committee and vice
president of the Chinese Chemical
Society, officially released the
“2022 IUPAC Top Ten Emerging
Technologies in Chemistry”, and the
Film-based Fluorescence Sensors
pioneered by Prof. Fang Yu’s group
ranked fourth.

Shuai Zhigang said “we
are very happy to see that
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there are more research led by
Chinese chemists in the top ten
technologies, such as this year’s
nanozymes by Prof. Yan Xiyun’s
group, film-based fluorescent
sensor by Prof. Fang Yu’s group,
liquid solar fuels by Prof. Li Can’s
group, and fiber batteries and
textile displays by Prof. Peng
Huisheng’s group”. He hoped that it
can attract more attention, support
and participation from China’s
scientific and technological circles.
IUPAC President Prof. Javier
Garcia-Martinez said in his video
speech that “through the release of
the top ten emerging technologies
in chemistry, we hope to
showcase how different chemistry
technologies are so vital to improve
our well-being, to have a more
competitive industry, to fight climate
change and emerging ilinesses,
and even more important to engage
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in a global conversation about the
importance in chemistry in tackling
our more present challenges.”
Since 2019, the 100th
anniversary of its establishment,
IUPAC has collaborated with
chemical organizations from
various countries and regions
around the world, including the
Chinese Chemical Society, to jointly
launch the global annual activity
“Top Ten Emerging Technologies in
Chemistry”, in the hope to change
the current global chemistry and
industry landscape and contribute
to the achievement of the United
Nations Sustainable Development
Goals by selecting from emerging
scientific discoveries to innovative
technologies with great potential
that have been adopted by
adventurous start-ups and bold
industries around the world.
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Research experience and reflection sharing session held
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On November 14, 2022, the
Institute of New Concept Sensors
and Molecular Materials held a
research experience and reflection
sharing meeting in the 1668
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lecture hall of
Zhizhi Building,
inviting Prof.
Liu Kaigiang
and doctoral
students Tang
Jiaqi, Qiao Min
and Huang
Rongrong to
report and share
for teachers and
students of the
institute.

Prof.
Fang Yu joined
the teachers,
doctoral and

master students
of the institute at

the session, which was hosted by
Prof. Liu Jing.

Tang Jiaqi presented his
research work, and shared his story
of suffering setbacks in research
and solving these problems.

Qiao Min introduced the
scientific problems in the fields
of cross-reactivity of anion
discrimination and the construction
of fluorescence sensors, and
proposed solutions through
data analysis and experimental
verification of variable temperature
spectroscopy and scanning
electron microscopy. She also gave
suggestions on efficient literature
reading, reasonable experiment
arrangement, and paper writing.

Starting from her own research
work, Huang Rongrong introduced
the progress of her research work,
future planning, and problems

encountered in the process of
learning and experimentation, and
suggested that junior students
should read more literature,
communicate and discuss with
others, and establish a positive
attitude.

Prof. Liu Kaigiang, starting
from research ideas and
goals, vividly described the
research exploration, the pain
of research, the strategy of
mentality adjustment and the
beauty of scientific research. He
suggested that students should
strive to be a person with ideals
and pursuits, concentrate on in-
depth scientific research, telling
them how to actively adjust their
mentality, how to carry out self-
reflection and encouragement in
the face of frustration and anxiety
in the process of research, and

encouraged students to love
research, get ready to endure
hardships, learn to communicate,
dare to challenge themselves, forge
ahead in exploration, and grow in
thinking.

Fang Yu shared his
educational philosophy, including
the relationship between basic
education and higher education,
and the career choice of doctoral
students after graduation, and
proposed to hold more such
sharing activities in the future.

In the end, Liu Jing thanked
Prof. Liu Kaigiang and the three
doctoral students, hoping that the
students could learn something
from their experiences, reflections
and suggestions, and grow into
talents in future research and life.
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Doctoral students Tang Jiagi and Huang Rongrong pass
graduation dissertation defense
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On November 29, 2022, the
Institute of New Concept Sensors
and Molecular Materials held a

doctoral dissertation defense
session in Room 1568 of Zhizhi
Building, and doctoral students
Tang Jiaqgi and Huang Rongrong

passed the defense.

Tang Jiaqi’s report is titled
Dynamic Acylhydrazone-based
Soft Materials: Preparation and
Application Exploration, and Huang
Rongrong’ report is titled Design,
Synthesis, Luminescence Property
Regulation and Application of
Oo-cCarborane Derivatives with

"
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Intramolecular Charge Transfer
Characteristics.

Chaired by CAS academician
Prof. Tian He of East China
University of Science and
Technology, the defense committee
is comprised of Prof. Xiao Jianliang
of the University of Liverpool,

Prof. Liu Xiaogang of Singapore
University of Technology and

Design, Prof. He Gang of Xi’an
Jiaotong University, Prof. Li Jianli
of Northwest University, and Prof.
Xue Dong and Prof. Cao Rui of
Shaanxi Normal University, and Dr.
Liu Zhongshan of Shaanxi Normal
University acted as the secretary.
After their presentations, the
two doctoral students answered the
questions raised by the defense

committee, discussed relevant
issues and further research and
work prospects with the committee
members. The defense committee
unanimously agreed that the
research done by the students was
solid, the answers to the questions
were clear and logical, and agreed
to accept their defenses and award
them doctoral degree.
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Fang Yu speaks on Film-based Fluorescence Sensors at
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On the afternoon of November
16, 2022, Prof. Fang Yu was
invited to be a guest speaker
at Northwest University in Xi'an

and gave a report titled “Film-
based Fluorescence Sensors -
From Basic Research to Industrial
Application” at the 205th session of
NWU’s Yang Zhongjian Lectures.
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Fang Yu to serve as Advisory Committee director
of SJTU’s School of Education
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On November 24, 2022, Prof.
Fang Yu was invited to participate
in the “2022 Consultation
Meeting for Discipline and Major
Construction” and “Focus on High-
quality Education for the Future
- 2022 Strategic Consultation

Meeting of Advisory Committee
Members of the School of
Education of Shanghai Jiaotong
University” via online conference,
and was invited to serve as the
director of the Advisory Committee
of SUTU’s School of Education.
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Vice dean and administrative office director appointed
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On November 10, 2022, at a

meeting held by the Institute of New

Concept Sensors and Molecular
Materials, the appointment of

Shaanxi Normal University that
Ding Liping as the vice president
and Yang Xiaogang as the director
of the administrative office was
announced.
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Wang Zhaolong funded by CAS Dalian Institute of Chemical Physics
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On November 28, 2022,
the Dalian Institute of Chemical
Physics, Chinese Academy of
Sciences released the list of
candidates for its 2022 second
outstanding postdoctoral support
program and special research
assistant funding project, and Dr.
Wang Zhaolong, a graduate of the
Institute of New Concept Sensors
and Molecular Materials, was
selected for the above two projects
and will receive financial support

for scientific research, visits and
exchanges.

Wang Zhaolong, a 2022
doctoral graduate of Prof. Fang Yu,
graduated from Shaanxi Normal
University in June 2022 with a
doctorate degree in science. In
August, he joined the research
group of Prof. Wu Kaifeng, of the
State Key Laboratory of Molecular
Reaction Kinetics at CAS Dalian
Institute of Chemical Physics to
engage in postdoctoral research,
and his current research direction
is interfacial charge/energy transfer
dynamics of colloidal quantum
dots-organic molecule systems.
He published five papers as the
first author in professional journals
such as Angew. Chem. Int. Ed.
and Adv. Funct. Mater., and won
the honorary title of outstanding
graduate of Shaanxi Province
colleges and universities.
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A Journal of the
German
Chemical Society

Large-area Free-standing Metalloporphyrin-based Covalent
Organic Framework Films by Liquid-air Interfacial Polymerization
for Oxygen Electrocatalysis

Jiagi Tang, Dr. Zuozhong Liang. Haonan Qin, Xiangquan Liu, Binbin Zhai, Zhen Su, Qiangian Liu
Dr. Haitao Lei, Prof. Dr. Kaigiang Liu, Prof. Dr. Chuan Zhao 2 Prof, Dr. Rui Cao &% Prof. Dr. Yu Fang 24

I: 07 November 2022 | https://doi.org/10.1002/anie.202214449
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Covalent organic frameworks
(COFs) have attracted increasing
interests due to their periodic
latticed and porous structures
and their potential applications
in catalysis, separation,
sensing, and others. Compared
to powders, films are more
processable and applicable to film-
based technologies. However,
synthesizing large-area free-
standing COF films is a big
challenge. Most reported COFs
were produced as powders using
solvothermal methods. Recently,

9
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polymerizing amines and aldehydes
at liquid-liquid interfaces was
reported to fabricate COF films,
where amines and acid catalysts
are added in aqueous media,
while aldehydes are dissolved in
water-immiscible organic solvents.
However, the initially formed films at
the interface will impede substrate
monomer diffusion from one phase
to the other, therefore hindering the
subsequent film growth. Moreover,
films fabricated using this method
are usually size-limited because of
the use of long and thin vessels to
enable stable liquid-liquid interface
when adding one phase over the
other. Polycrystalline nuclei that
formed upon mixing the two phases
will also affect the homogeneity
and roughness of the films.

Metal porphyrins have been
studied as electrocatalysts for
the oxygen reduction reaction
(ORR) and oxygen evolution
reaction (OER), the two important
reactions involved in many clean
energy devices, such as metal-
air batteries, fuel cells, and water
electrolysers. The commercial
viability of these technologies
depends on the efficiency of the
two reactions. Integrating metal
porphyrins into frameworks often
enables improved catalysis as
the framework porous structures
can lead to large surface areas
and easy mass transportations.
Thus, developing COF films with
integrated active metal porphyrin
units for ORR and OER is desired
for energy conversion devices,
particularly for flexible metal-

10
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air batteries. However, few
metalloporphyrin-based COF
films are reported because of the
challenges in synthesizing proper
metal porphyrin monomers and
also high-quality films.

Herein, we reported on a
liquid-air interfacial polymerization
method for fabricating large-area
free-standing metalloporphyrin-
based COF films and demonstrated
their applications for oxygen
electrocatalysis. We developed
a strategy to polymerize meso-
benzohydrazide-substituted metal
porphyrins with tris-aldehyde linkers
at a liquid-air interface. Compared
to typical imine bonds formed
between amines and aldehydes,
the acylhydrazone bonds, formed
between benzohydrazide and
aldehydes, enable the COFs to

have higher hydrolytic stability.
The resulted free-standing films,
which can be scaled up to 3000
cm? in area, are defect free and
display mechanical stability and
structural integrity. By using Co
porphyrins, the formed films are
efficient for electrocatalytic ORR
and OER. Flexible all-solid-state
Zn-air batteries assembled using
these films showed remarkable
performance and stability under
harsh bent conditions.

First Authors: doctoral candidate Tang Jiaqi
and Assoc. Prof. Liang Zuozhong, Shaanxi
Normal University

Corresponding Authors: Prof. Fang Yu and
Prof. Cao Rui, Shaanxi Normal University;
Prof. Zhao Chuan, The University of New
South Wales

Full Text Link: https://onlinelibrary.wiley.
com/doi/abs/10.1002/anie.202214449
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Dual-Mode Optical Sensor Array for Detecting and Identifying
Perillaldehyde in Solution Phase and Plant Leaf with Smartphone

Jiayin Zhao, Ke Liu, Ruitong Wang, Taihong Liu,* Zhenteng Wu,* Liping Ding, and Yu Fang

:":-‘ Cite This: ACS Appl. Mater. Interfaces 2022, 14, 53323-53330 I:I Read Online
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a) Data Collection RGB Conversion

LED light
13080 Lux

b) nitial Sensor Array
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Promising techniques for
detecting and quantifying active
components in the plants and
foods have received global
concern in smart agriculture. Perilla
frutescence was widely used as
spices and preservatives in Asian
food. As an active ingredient as in
traditional medicine, its extracted
essential oil has the virtue of
vasodilative, anti-inflammatory,
antimicrobial, antiseptic effects,
etc. Several different chemotypes
of perilla frutescens were classified

12

Semi-quantitative Evaluation

Scindapsus

corresponding to the
main constituents,
and importantly,
perillaldehyde
chemotype is qualified
for perilla folium
source in the 2020
edition of “Chinese
Pharmacopoeia”.
The volatile oil was
normally extracted
by the solvent-

gé/\
AN, R ECA G E ) Z RN EHE,

assisted steam
distillation followed
by the traditional

VASES g s R A B,
) WA R S B A
(a) Evaluation of the gaseous perillaldehyde
content using the established calibration equation,
error bars were determined from at least three
parallel measurements. (b) Testing trials of perilla
frutescence as the real samples and scindapsus as
a control. (¢) Pictures of the plants attached with

determination
methods which
require sophisticated
instruments,
professional trained
personnel, and
complex processing
procedures. These limitations result
in a certain gap in the detection
efficiency, portable and on-site
analysis.

We herein unveil a novel
turn-on and dual-mode sensor
array comprising three kinds of
reactive indicators including ring-
closed rhodamine-hydrazine,
squaraine-hydrazine, and
2,4-dinitrophenylhydrazine
for evaluating perillaldehyde.
Significant colorimetric and
fluorescent changes were triggered
through reacting primary amine/
hydrazine with the active aldehyde
group in perillaldehyde, thus turn
on the chromogenic responses
of all the indicators. Optimal
colorimetric sensing showed
good responses to perillaldehyde

ranged up to 100 mM in ethanol
solution. Dramatic fluorescence
enhancement was also exhibited,
illustrating good selectivity as

well as high sensitivity (detection
limit ~ 20.0 uM). Inspired by rapid
chemical reactions and distinct
optical changes, distinct sensor
array strips loaded with the optimal
solid-state reactive indicators
were developed for evaluating the
perillaldehyde content in the perilla
frutescence leaves. Smartphone-
enabled readout system and
digital data processing were
further performed for chemometric
analysis. A good correlation was
obtained and the semi-quantitative
evaluation of the perillaldehyde
content could be achieved within
15 min, possessing the significant
features of naked-eye recognition,
easy operation, and disposability.
To the best of our knowledge,
present work demonstrated the use
of chromogenic sensing strips to
evaluate the active perillaldehyde
content in solution and vapor
phases for the first time. Taken
together, these characteristics
also indicate that present turn-on
sensor array has great potential
applications in precise detection
and evaluation of perillaldehyde in
the forthcoming smart agriculture.

First Author: Zhao Jiayin, Master’s candidate,
Shaanxi Normal University

Corresponding Authors: Assoc. Prof. Liu
Taihong, Shaanxi Normal University; Prof.
‘Wu Zhenfeng, Jiangxi University of Chinese
Medicine

Full Text Link: https://pubs.acs.org/doi/
full/10.1021/acsami.2¢c16469
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Distinct Hydrogen Bonding Dynamics Underlies the
Microheterogeneity in DMF—Water Mixtures

Published as part of The Journal of Physical Chemistry virtual special issue “Early-Career and Emerging
Researchers in Physical Chemistry Volume 2.

Yimin Bai, Dexia Zhou, Somnath Mukherjee, Jing Liu, Hongtao Bian,* and Yu Fang

)| Clte This: J. Phys. Chem. B 2022, 126, 9663-9672
b |
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Microscopic phase segregation
has been demonstrated as a
general phenomenon in aqueous
mixtures, ranging from aqueous
electrolyte solutions to binary
combinations of water and
organic solvents. The anomalous
thermodynamic and transport
properties of binary mixtures
are believed to be caused by
the microheterogeneity in those
systems. Water molecules can
form unique three-dimensional
hydrogen bonded networks in the
condensed phases. Understanding
the microscopic heterogeneity
in complex systems requires
knowledge about solvation
structure and hydrogen bond
dynamics between solute and
solvent.

The interaction between water
and the amide functional group,
serving as the basic repeating
unit of peptides and proteins,
can represent a model system
to investigate the dynamical
heterogeneity in complex systems.
N, N-Dimethylformamide (DMF),
one of the simplest amides, is
a polar aprotic solvent with a
relatively high dielectric constant
and miscible with water. Binary
mixtures of DMF and water can
exhibit strong nonideal behavior,
indicates that the specific complex
structure may be formed in the
DMF—water mixtures. However,
getting a complete picture of
liquid reorganization specifically
occurring on the ultrafast
time scale to understand the
underlying mechanism of the
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population relaxation curves for the antisymmetric stretch of SCN— in DMF
aqueous solutions with different concentrations. (B) Concentration-dependent
vibrational lifetime (slow component) of SCN— stretch in the DMF aqueous
solutions. (C) Anisotropy decay of SCN— probe in the DMF aqueous solutions.
All the anisotropy decay curves are normalized to 1 at the delay time of zero.
The solid lines are the fitting data using biexponential decay function. (D)
Concentration-dependent rotational time constants (slow component) of SCN—

stretch in the DMF aqueous solutions.

microheterogeneity in the mixture
solution remain challenging.

In this work, we used OD
and SCN' probes to investigate
the hydrogen bond dynamics of
DMF—water mixtures over the
entire composition range by the
combination of Fourier transform
infrared (FT-IR) spectroscopy
and ultrafast IR spectroscopy.
Rotational anisotropy measurement
shows that the slowest orientational
dynamics of SCN- probe is
observed at Xy = 0.3, and
the concentration-dependent
orientational dynamics of SCN’
qualitatively follows the trend of
viscosity change in the mixture
solution. The reorientational
dynamics of OD shows a
remarkable difference from the
extrinsic probe of SCN’, and the

slowest rotational dynamics of
water is observed at Xy, = 0.6.
The rotational anisotropy decay of
the OD stretch shows biexponential
decay behavior, which can be
explained by the wobbling-in-a-
cone model. The distinct hydrogen
bond dynamics observed in the
DMF—water mixtures shows striking
evidence of the local heterogeneity
in the solution. The unique
structural dynamics reported here
is expected to provide significant
insights into the underlying
mechanism of liquid—liquid phase
separation.

First Author: Master’s candidate Bai Yimin,
Shaanxi Normal University

Corresponding Author: Prof. Bian Hongtao,
Shaanxi Normal University
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On November 10, National
Narcotics Laboratory Shaanxi
Branch director Yao Zhen and
his three colleagues visited the
Institute of New Concept Sensors
and Molecular Materials and had a
discussion with Prof. Fang Yu and
his group members.

Yao Zhen briefed about the
background of the Shaanxi Branch
and its functions of improving drug
control technologies in Northwest
China, and hoped to carry out
exchanges and cooperation
with the institute in tackling
key technological problems,

SO0 E=BRP 4y L SE

talent cultivation, technological
development, platform construction,
and resource sharing.

Fang Yu affirmed the important
role of the Shaanxi Branch in the
technological and high-quality
development of drug control,
briefed about the core members
and technological reserves of the
institute in drug control technology
research, and hoped to strengthen
exchanges and cooperation with
the Shaanxi Branch,so as to
contribute to the drug control work
in Northwest China.

INCSMM faculty and staff
members Liu Jing, Liu Taihong, Liu
Ke and Zuo Zhennan, NNL Shaanxi
Branch officers Yang Chun, Huang
Xinjing and Zhou Xiao attended the
meeting.
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Excerpt from the manuscript of "Chemistry
and Innovation in China"
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Sensors are a kind of tangible
devices with the functions of
information perception and physical
quantity conversion, and are widely
used in industrial and agricultural
production, social management,
public security, national defense
and other fields. Today, sensors are
the foundation for the realization
of the Internet of Everything
and a must for the development
of artificial intelligence. The
development of sensor technology
is highly valued.

Unlike ordinary industrial
products, sensors are technology
intensive and versatile. The
threshold of sensor research and
development is high and its cycle
is long, and it has outstanding
interdisciplinary characteristics.

To a certain extent, the sensor
research and development
capability
reflects the
scientific and
technological
innovation
ability and
development
level of a country
or region.

It should be
pointed out that
the development
of sensitive
materials is the
key to sensor
research and
development.
The discipline of
chemistry, which
is committed to

creating new substances, plays
an increasingly important role
in the development of sensors,
especially high-end sensors. In
the past two decades, Chinese
scientist Prof. Fang Yu has led
his team in carrying out the whole
chain research of “sensitive film
sensor detection device” around
the core technology of film-based
fluorescent sensors (FFSs),
achieved major breakthroughs
in explosives and narcotics
detection technologies and
device development, and formed
a film fluorescence sensing
technology system with completely
independent intellectual property
rights.

In terms of the creation of
sensitive materials, Prof. Fang Yu’s
group has developed fluorescent

sensitive film preparation

technology featuring strategies
such as chemical bonding, gel
mediation, combination design
and interface-limited dynamic
polymerization, through the
fine regulation of sensitive unit
molecular structure, thin film
sensitive unit aggregation structure
and excited state properties of
sensitive units, developed high-
performance explosives and
narcotics-sensitive film materials,
creating a gaseous phase detection
record of 10-15 molar magnitude,
and realizing the highly sensitive,
fast and reversible detection
of a variety of drugs such as
methamphetamine and liquid
explosives such as Mother of Satan
(Triacetone triperoxide, TATP) for
the first time.

In the development of
FFSs and detection devices,
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they pioneered the structure of
laminated thin-film fluorescent
sensors, breaking the monopoly of
foreign companies on waveguide
technology and achieving a
breakthrough in the underlying
technology of FFSs.

On the basis of the innovation
of sensitive materials and sensor
hardware structure, they invented
new explosives sensors, narcotics
sensors, explosives/narcotics array
sensors, developed SRED series
explosives single-module, created
SRED drug single-module and
SRED explosives/narcotics dual-
module fluorescence detection
devices, creating explosives and
narcotics detection records with the
fastest response, highest sensitivity
and the most number of uses of

P R BMEGS Producer & E
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thin-film devices, and realized the
created-in-China manufacture

of high-end FFSs sensors and
detection devices.

These devices and equipment
have been applied in many fields
and sold abroad, and began to be
used by the Chinese military in
2019. The development of FFSs
and devices for ultra-sensitive
detection of high-risk substances
such as chemical warfare agents,
nerve agents, and pathogens is
also in progress. Based on his
original research, Prof. Fang
Yu published the world’s first
monograph on “Film-based
Fluorescence Sensing Technology
and Application”.

After selection and rigorous
review, the world’s largest and most
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authoritative chemical organization,
the International Union of Pure

and Applied Chemistry (IUPAC),
announced on October 17, 2022
that the FFSs proposed by Prof.
Fang Yu’s group were selected

as the fourth place in the IUPAC
Top Ten Emerging Technologies in
Chemistry 2022.

As a new segment in sensors,
FFSs have become the most
promising microtrace material
detection technology after ion
mobility spectroscopy. There is
reason to believe that FFSs will
play an increasingly important role
in many areas such as serving
national construction, safeguarding
people’s lives and properties,
and improving disease diagnosis
capabilities.
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