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Shaanxi vice governor Li Jun visits Prof. Fang Yu
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On February 4, 2024,
Shaanxi Province vice governor
Li Jun visited Prof. Fang Yu at
the Institute of New Concept
Sensors and Molecular Materials,
sending holiday greetings and
best wishes, and they exchanged
ideas in a discussion. Shaanxi
Normal University vice president

Li Lei accompanied the visit.
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Fang Yu attends 2024 Spring Greeting Party of Shaanxi Province
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On February 8, 2024, Prof. Fang Yu
attended the 2024 Spring Greeting Party
of Shaanxi Province held in Xi’an.

Zhao Yide, secretary of the Shaanxi
Provincial Party Committee and director
of the Standing Committee of the
Provincial People’s Congress, delivered a
speech at the event, which was presided
over by Governor Zhao Gang, and
Shaanxi Provincial CPPCC chairman Xu
Xinrong also attended the meeting.
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Fang Yu presents at Conference of Research Methods and Theoretical Basis of
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From February 21 to 22, 2024,
Prof. Fang Yu attended the 2023 Annual
Conference of NSFC Major Project
“Research Methods and Theoretical Basis
of Catassembly” and Molecular Assembly
Seminar held in Xiamen University as the
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About 350 people, including current
provincial leaders, veteran comrades at or
above the deputy provincial level, heads
of provincial military command and
Shaanxi Armed Police Corps, provincial
departments, people’s organizations, some
central units in Shaanxi, the Liaison office
of the Hong Kong Special Administrative
Region Government in Shaanxi and the
news media, representatives from all
walks of life and foreign representatives
in Shaanxi attended the meeting.
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expert group leader and seminar host, and
presented a report titled “Electronic Dog
Nose vs. CBRN sensors - A case study of
film-based fluorescence sensors”.

The conference was co-sponsored
by the School of Chemistry and Chemical
Engineering of Xiamen University and
the State Key Laboratory of Physical
Chemistry of Solid Surfaces.
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Fang Yu attends consultation meeting of Smart Sensing InterScience Center
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On February 27, 2024, Prof. Fang
Yu was invited to attend the consultation
meeting of Smart Sensing Interdisciplinary

Science Center hosted by the School of

Materials Science and Engineering of
Nankai University in Tianjin.
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Fang Yu attends Second Academic Committee Meeting of
National Anti-Drug Lab Shaanxi Center
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On February 29, 2024, the Plenary Meeting of the Second
Academic Committee of National Anti-Drug Laboratory Shaanxi
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Regional Center was held, and Prof. Fang Yu, Chairman of the

Academic Committee, presided over the meeting.

Shaanxi Provincial Public Security Department deputy
director Li Xiangyang, SPPSD Anti-Drug Corps political
commissar Wang Long, members of the Academic Committee
and all the police of the Shaanxi Branch participated in the
meeting.

Associate Professor Liu Taihong of the Institute of New
Concept Sensors and Molecular Materials submitted an open
project application of Shaanxi Center, and presented a progress
report titled “Development of fluorescence technology and
portable equipment for efficient detection of new psychoactive
substances”.
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INCSMM teachers funded by Shaanxi Science and Technology Projects
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Recently, Shaanxi Provincial Science
and Technology Department announced
the results of the 2024 Shaanxi Science
and Technology Program projects, and
four teachers from the Institute of New
Concept Sensors and Molecular Materials
were funded.

Prof. Bian Hongtao and Prof.
Liu Jing were funded by the Shaanxi

Outstanding Youth Science Fund Program,
receiving a funding of 500,000 yuan
respectively; Assoc. Prof. Liu Xiaoyan
was funded by a Key Project of Basic
Research in Natural Science, receiving a
funding of 200,000 yuan; and Assoc. Prof.
Bo Xin was funded by a Youth Project
of Basic Research in Natural Science,
receiving a funding of 50,000 yuan.
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Fully Reversible and Super-Fast Photo-Induced Morphological
Transformation of Nanofilms for High-Performance UV
Detection and Light-Driven Actuators

Xiangquan Liu, Jiahui Hu, Jinglun Yang, Lingya Peng, Jiaqi Tang, Xiaohui Wang, Rongrong Huang
Jianfei Liu, Kaigiang Liu, Tingyi Wang, Xiaoyan Liu g% Liping Ding B Yu Fang 2%
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Figure 1. Schematic representation of the preparation of an unique nanofilm and its application in
UV detection.
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UV light is widely utilized in
both military and civilian applications.
However, the rigid inorganic
semiconductors and halide perovskites
have limited flexibility and difficulties
in machining, which make them be not
suitable to develop flexible products.
Recently, photo-deformable materials
have garnered considerable attention
across various areas, such as energy
harvesting, soft robotics, artificial
muscles, and switchable devices. Herein,
a type of nanofilms with unprecedented
fully reversible UV responsiveness are
successfully constructed. Building upon
this discovery, a new system for ultra-
fast, sensitive, and reliable UV detection
is developed. The system operates
by monitoring the displacement of
photoinduced macroscopic motions of the
nanofilms based composite membranes.
The system exhibits exceptional
responsiveness to UV light at 375 nm,
achieving remarkable response and
recovery times of < 0.3 s. Furthermore, it
boasts a wide detection range from 2.85
uW cm ™ to 8.30 mW cm’, along with
robust durability. Qualitative UV sensing
is accomplished by observing the shape
changes of the composite membranes.
Moreover, the composite membrane can
serve as sunlight-responsive actuators
for artificial flowers and smart switches
in practical scenarios. The photo-
induced motion is ascribed to the cis—
trans isomerization of the acylhydrazone
bonds, and the rapid and fully reversible
shape transformation is supposed to be a
synergistic result of the instability of the
cis-isomers acylhydrazone bonds and the
rebounding property of the networked
nanofilms.

The composite membranes can also
be used for visualized sensing of UV
light. A fluorescent display system was
constructed to show different fluorescent
patterns under different UV intensity.
Furthermore, a smart switch was created
by coating a thin gold film on both sides
of the composite membrane. When
illuminated by UV light, the membrane
bent downward, resulting in the activation
of a light-emitting diode (LED) due to

WFEsE s,

c
Indoor; UV Index: 0 9:00 am; UV Index: 4

/4

N/ D

6:00 pm; UV Index: 4 2:00 pm; UV Index: 12

d e e
“\o“" ‘
) <
Remote ’/ "
control 2
\ P
£
. E
s £
CPTH-TFPA-PET =
2
0“65'\\\ g
Power supply a
@
]
(4

Research Highlight

CPTH-TFPA/PET

UV OFF

Solid-to-Liquid Material Nanofilm
04 <t Liquid Crystal Polymer *
Liquid Crystal Elastomer This work
2 Small Molecular
104 COF
@ Polymeric lonic Liquid
204 O MOF
304 @ Molecular Junctions
40 -
50 -
60+ @ Supramolecular Assemblies
No Yes

Self-recovery

B 2. 4 R JEAR Sy S S T A AR B B A AT A T SR AR 52 TR % 5% o 49 2 )
Figure 2. The CPTH-TFPA/PET composite membrane act as a visual sensor of UV light and a

smart switch in practical scenarios.

the completion of the electric circuit.
Removal of UV light turned off the LED.
The fabrication of a highly sensitive
and super-fast UV-responsive artificial
flower was designed to monitor UV light
intensity at different times of the day.
Another smart UV light-responsive switch
was developed, enabling the automatic
opening and closing of a curtain by
controlling the motor's forward and
reverse rotation.

In summary, we have successfully
created a high-performance UV detector
based on the fast, robust, and fully
reversible UV-responsive nanofilms.
Importantly, the detection wavelength
of the UV light can be largely adjusted
by modifying the structure of the
photo-responsive building block of

the nanofilms. Furthermore, we have
successfully achieved visual detection
of UV light, enabling on-site, real time
and power free sensing. Moreover,
the composite membrane can serve as
sunlight-responsive smart actuators for
practical applications. The innovative
CPTH-TFPA/PET membrane and our
sensing model provide new opportunities
for flexible organic materials to achieve
fast, sensitive, and stable UV detection.

First Author: Liu Xiangquan, doctoral candidate,
Shaanxi Normal University

Correspondence Authors: Prof. Fang Yu, Prof. Ding
Liping, Assoc. Prof. Liu Xiaoyan, Shaanxi Normal
University

Full Text Link: https://doi.org/10.1002/
advs.202307165
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A Nanofilm-Based Fluorescent Sensor toward Highly Efficient

Detection of Ethephon

Qiangian Liu, Rongrong Huang, Jiaqi Tang, Helan Zhang,* Mei Liu,* and Yu Fang*
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Figure 1. (a) Synthesis of Nanofilms at Liquid-Liquid Interfaces and Air-Liquid Interfaces; (b)

Dynamic Covalent Reactionduring Nanofilm Formation; (c) Structures of the Building Blocks
and Schematic Representation of the Preparation of the Nanofilm at the Humid Air/DMSO

Interface.
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Plant growth regulators (PGRs) are
natural or artificial substances that are
widely used in agriculture and horticulture
to regulate plant growth and development.
Proper PGRs uses can help maximize
crop yield, quality, and resistance to
environmental stressors. Ethephon (ETH)
is a widely used PGR and functions via
releasing ethylene in plants to accelerate
crop ripening, shedding, and senescence.
However, maximizing the benefits of
ETH depends on appropriate dosage and
timing using as improper use could lead
to crop toxicity enrichment and excessive
residues, which poses significant threat
to food safety and environmental health.
In fact, on-site and at real-time reliable
detection of ETH has gained widespread
attention.

Currently, effective detection
of ETH on-site and at real time still
remains a challenge because of its low
molecular weight, high polarity, weak
volatility, and lack of colors. Early gas
chromatography (GC) technique was
developed to indirectly quantify ETH
by determining the amount of ethylene
released or methylphosphonic acid
produced. Liquid chromatography,
spectrophotometry, mass spectrometry,
and electrochemical methods were also
developed for the detection of ETH.
These approaches, however, are not only
cumbersome, time-consuming, high-
power consumption and expensive,
therefore ruling out the possibility for on-

B2 @FRAEERER, T2UHAEE. AREARRFRIERERAL =245 ; ()
ETH 427 /& 44 K IR0 5 R KA 5 (o) B i a9 3 40430 ; (d) RAERT R AEAL ; (o) 44 A%
BT RFIRIE ETH AARra R, RMEEE 5K, HAGBALFT 0EERESLSHTH
AAREMAZ B A LRMEX Z 5 () A THRBAGHE RS 60 AR ML LN XG0 B-ILH
Figure 2. (a) Schematic of the sensing device, which mainly consists of three parts, a gas supply
unit, the nanofilm-based sensor, and a data collection system; (b) Fluorescence emission spectra

of the nanofilm before and after ETH treatment; (c) Detailed meanings of the response traces; (d)
Sampling time optimization; (¢) Responses of the sensor to ETH vapor of different concentrations,
where each measurement was repeated five times, and the inset photos show the linear relationship
between the response intensity and value of the analyte vapor concentration; (f) Reproducibility for

the nanofilm-based sensor upon 60 cycles continuous tests.

site and at real-time use. The film-based
fluorescent sensors (FFSs) are a new class
of chemical sensors, which possess the
features of high designability, low power
consumption, small size, easy operation,
low cost, and even contamination free.
Additionally, the FFSs generally exhibit
high sensitivity and fast response due to
the inherent microenvironment sensitivity
of the excited state property of the sensing
materials. In fact, the FFSs have been
proven invaluable in rapidly detecting and
identifying concealed explosives, drugs,
volatile organic compounds, as well as
other toxic and hazardous chemicals.

In this work, we developed a
nanofilm-based fluorescence film sensor
(FFS) and realized highly efficient
detection of ETH in vapor phase, where
the detection limit (DL) is <0.2 ppb, the
response time is less than 10 s, and the
interference is almost free. The unusual
sensing performance of the sensor was
ascribed to the specific binding of the
nanofilm to ETH and to its great porosity,

which enables efficient adlayer mass
transfer, a requirement for high signal-to-
noise ratio. Moreover, visualization-based
qualitative sensing is also realized. The
nanofilm, a key component of the sensor,
was prepared at the humid air/DMSO
interface. The building blocks used were a
specially designed fluorescent o-carborane
derivative (CB-2CHO) and a cross-linker
BTN possessing three acylhydrazine
groups. The nanofilm as prepared is
flexible, uniform, thickness tunable,
and photochemically super stable. We
believe our effort not only addresses the
challenging issue of on-site and at real-
time detection of ETH but also provides
another route for developing new FFSs
via sensing film innovation.

First Author: Liu Qiangian, master’s candidate,
Shaanxi Normal University

Correspondence Authors: Prof. Fang Yu,
Assoc. Prof. Liu Mei, Senior Engineer Zhang
Helan, Shaanxi Normal University

Full Text Link: https://pubs.acs.org/doi/
full/10.1021/acs.analchem.3c04999
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Interfacially Confined Dynamic Reaction Resulted to Fluorescent
Nanofilms Depicting High-Performance Ammonia Sensing

ingjing Liang, Dingfang Hu, Wenjun Xu, Lingya Peng,* Ke Liu,* and Yu Fang*
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Figure 1. Schematics of the preparation of the nanofilm.
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Figure 2. Response performance of portable sensors to ammonia.
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With the rapid growth of industries
related to the Internet of Things, wearable
devices, and intelligent life, there has
been an increasing recognition of the
significance of development of sensing
technologies and relevant devices.
In the past twenty years, remarkable
progress has been made in the field of
film-based fluorescent sensors (FFSs).
However, to meet the requirements of
practical applications, these thin film-
based fluorescence sensors must meet a
series of stringent standards such as “3S
+ 1R” (sensitivity, selectivity, speed, and
reversibility) and great photochemical
stability. Therefore, the ongoing pursuit
of sensing materials with superior

performance is of urgent significance.

Using the specific structures and
properties, boron-coordinated molecules
were designed as fluorescence sensing
materials. Research has been conducted
on the fluorescent tetrahedral boron
molecular system, which has an extremely
wide temperature variable range and can
achieve temperature monitoring from
-80 to 60°C. Nevertheless, the sensing
systems based on boron-coordinated
fluorophores are predominantly utilized in
solution state, with only a few instances of
solvent-free systems being demonstrated.
The inherent limitation in device making
of the reported systems in solution state
makes it important to develop new boron-
containing molecular materials with solid-
state stimulus-responsive properties.

In this context, we introduce
the concept of chemical weaving to
immobilize boron-coordinated small
molecules into polymeric nanofilms. we
fabricated four nanofilms via interfacially
confined dynamic reaction of one specially
designed fluorescent building block boron-
coordinated molecular fragment (NI-
CHO) with a known compound benzene-
1,3,5-tricarbohydrazide (BTH) of multiple
reactive sites. The nanofilms as prepared
are fluorescent and show superior robust,

flexible, uniform, thickness tunable, and
self-adhesive properties. Especially, one
of the four nanofilms, Film 3, depicted
highly selective, sensitive, fast, and
reversible sensing performance towards
NH3 vapor. The experimental detection
limit (DL) is lower than 0.1 ppm, and
the response time is shorter than 0.2 s at
room temperature. The reasons behind
the sensing are ascribed to the formation
of an excited-state fluorescent complex
between the fluorescent building block
and the analyte molecule as well as the
efficient mass transfer of the analyte
molecules within the adlayer owing to
its porous structure. We believe that the
presented interfacially confined dynamic
assembly strategy can be also used for the
creation of other sensing films through the
innovative design of new building blocks,
which function as sensing units.

First Author: Liang Jingjing, doctoral
candidate, Shaanxi Normal University
Correspondence Authors: Prof. Fang Yu,
Lecturer Peng Lingya, Shaanxi Normal
University, and Prof. Liu Ke, Northwest A&F
University
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Efficient Removal of lodine from Water by a Calix[4]pyrrole-Based
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and Yu Fang*
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Nuclear energy has made great
contributions to the progress of technology
and the development of society. On
the other hand, it produces massive
radioactive wastes, which emerge as a
serious challenge toward the environment
and public health. Radioactive iodine
isotopes ("'T or '*’I) generated by uranium
fission are one of the numerous sources
of radiation. The radioactive iodine (‘*’I)
must be disposed properly as it features
with high toxicity, long half-life (1.57 x
107 years), strong radiation, and large
mobility. Therefore, capture of iodine
from vapor phase or solution becomes
a pre-requirement. To date, a great
majority of studies have concentrated
on the capture of iodine vapor or iodine
from organic solvent. Relatively few but
equally important studies have focused on
iodine adsorption from aqueous solutions.
Practically, water contaminated by
radioactive iodine has been occurred by
mainly two sources that are the discharge
of wastewater from nuclear power plant
(e.g., Chernobyl and Fukushima), and
hospitals. In addition, iodine is also
used as a water disinfectant, especially
in emergencies. Although safeguard
procedures are seriously implemented
prior to discharge, the residual iodine
(e.g.,5-32 mg-L-1) is still harmful. Thus,
development of techniques for removal of
trace iodine from water is highly needed.

Adsorption method is prevalent for
industrial '*’I removal. The adsorbents
reported include mainly silver-based
solid adsorbents, activated carbons,
metal-exchanged zeolite, clays, and
others. Recently, new adsorbents with
high surface areas and controllable
porous structures, such as metal-organic
frameworks (MOFs), covalent organic
frameworks, porous aromatic frameworks,
and other porous organic polymers, have
been reported for iodine vapor capture.
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The adsorbent materials usable for
capture of iodine from aqueous solution
are not only limited, but also suffer
from some shortcomings. For example,
the nanomaterials-based adsorbents are
easy to aggregate, which will decrease
the accessibility of the binding sites.
For porous materials-based adsorbents,
the ratio of accessible binding sites are
limited due to their unfavorable locations,
the surface of internal pores. Therefore,
membrane separation technology has
emerged as another method for the capture
of iodine from aqueous solution because
of their merits of high decontamination
factor, large volume reduction and low
energy consumption. For instance,
polymer/MOFs nanocomposite membrane
was used for the quick removal of iodine
from aqueous solutions.

It is to be noted, however, that most
studies are mainly focused on the removal
of iodine at high concentrations, and the
important and challenging removal of
iodine at trace level seems to be ignored.
In this work, we attempt to employ
nanofiltration to removal trace iodine for
deep purification of water. Accordingly,
a defect-free, self-standing calix[4]
pyrrole-based nanofilm was designed and
used for the deep purification of iodine
contaminated water. The adsorption
mechanism behind was explored.

Efficient removal of radioactive
iodine from aqueous solution is largely
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dependent on the adsorbent materials
employed. In this work, we report a
calix[4]pyrrole-based nanofilm and its
application for the rapid removal of iodine
from water. The nanofilm was synthesized
through a confined dynamic condensation
of tetra hydrazide calix[4]pyrrole with
1,3,5-tri-(4-formylphenyl) aldehyde at the
air/dimethyl sulfoxide (DMSO) interface.
The thickness of the obtained nanofilm
is ~35 nm, enabling fast mass transfer
and high ratio of accessible binding
sites for iodine. The pseudo-second-
order rate constant of the nanofilm for
iodine is ~0.061 g-g"'-min’, three orders
of magnitude higher than most reported
adsorbent materials. Flow-through
nanofiltration tests demonstrated that
the nanofilm has an adsorption capacity
of 1.48 g-g”', high removal efficiency,
and good reusability. Mechanism study
revealed that the moieties of Schiff base,
pyrrole and aromatic rings play a key
role for binding iodine. We believe this
work provides not only a new strategy
for efficient removal of radioactive
iodine from water, but also new ideas for
designing efficient iodine adsorbents.
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Shaanxi Normal University
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Assoc. Prof. Liu Zhongshan, Shaanxi Normal
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Dynamics of Formamide—Water Mixtures Investigated by Linear
and Nonlinear Infrared Spectroscopy
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Figure 1. Plot of 7, versus 7/7 for SCN— in different concentrations of FA—water mixture solutions
and in the two cases of the hydrodynamic stick and slip boundary conditions represented by the

red and black lines, respectively. The blue line represents the fitting result.



i3

Ua=R
Foe s

Research Highlight

Isotropic Signal (Normalized)

0 50 100
Delay Time (ps)

—
104 @
8 1 " Xea=0
N (C) e 01
w© 081 s 02
£ v 03
0.6 + 04
ZO 4 05
e » 06
> 0.4+ e 07
oy ~ 08
= * 09
o 024
@ 1.0
£ oo

T T T T

0 10 20 30 40
Delay Time (ps)

WA B etk . X IR 5 )
T FA- KIR G W SN 23 172,
Hn T ZOuiRE W R I T K
A4 STV A IOUAS 5

F—AEd . BmIFE R F MBI A G K
WA Bm IR K F LR AR
44k hteps://doi.org/10.1021/acs.
jpcb.3¢07850

Formamide (FA) stands as one
of the smallest molecules featuring
amide bonds, enabling the formation of
C=0---H and NH---O hydrogen bonds.
The three-dimensional hydrogen bonds
within liquid FA create a solvent-like
state reminiscent of water’s properties.
Their mutual miscibility fosters
microhomogeneous networks, rendering
FA an invaluable model for studying
essential biophysical processes driven by
hydrogen bonding. This study is focused
on the dynamics of FA—water mixtures
using linear and femtosecond infrared
spectroscopies. By using the intrinsic

dependent rotational time constants
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OD stretch and extrinsic probe SCN, the
local vibrational behaviors and hydrogen
bonding dynamics across various FA—
water compositions were systematically
investigated.

In this work, the vibrational
relaxation of OD stretch revealed a
negligible impact of FA addition on the
vibrational lifetime of water molecules,
underscoring the mixture’s water-like
behavior. However, the reorientational
dynamics of OD stretch slowed with
increasing FA mole fraction, plateauing
beyond X;, > 0.5. This suggests a
correlation between OD’s reorientational
time and the strength of the hydrogen
bond network, likely tied to the
solution’s changing dielectric constant.
The vibrational relaxation dynamics of
SCN-— was strongly correlated with XFA,
highlighting a competition between water
and FA molecules in solvating SCN .
There’s also a linear relationship between
rising viscosity and the prolonged
correlation time of SCN ’s slow dynamics

of SCN' stretch.

indicates that the solution’s macroscopic
viscosity is dictated by the extended
structures formed between FA and water
molecules. The relation between the
reorientation dynamics of the SCN and
the macroscopic viscosity in aqueous FA—
water mixture solutions was analyzed
by using the Stokes—Einstein—Debye
equations. The direct viscosity-diffusion
coupling is observed, which can be
attributed to the homogeneous dynamics
feature in FA—water mixture solutions.
This study offers fundamental insights
into the dynamics of FA—water mixture
solutions, highlighting their molecular-
level understanding of the homogeneity
within the binary mixture.
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Deputy secretary general of Xi'an Government visits Prof. Fang Yu
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On February 4, 2024, Deputy secretary general of Xi’an
Municipal Government Yang Zuotao visited Prof. Fang Yu at
the Institute of New Concept Sensors and Molecular Materials,
sending holiday greetings and best wishes on behalf of Xi’an
vice mayor Zhang Yong.

Han Linru, director of the second Civil Servant
Department of the Organization Department of the Xi’an

Municipal Party Committee, accompanied the visit.
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Former Representative of China to UNESCO Yang Jin received
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On February 19, 2024, Yang Jin, former Permanent
Representative of China to UNESCO, visited the Institute
of New Concept Sensors and Molecular Materials and had a
discussion and exchange with Prof. Fang Yu.

Shaanxi Normal University Party Committee deputy
secretary Lu Shengli, Prof. Chen Peng and Mr. Li Zongsi

accompanied the visit.
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