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Molecular Design of Perylene Diimide Derivatives for Photocatalysis
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ABSTRACT: Perylene diimides (PDIs) and their derivatives
represent a kind of most promising photocatalytic materials due to

ong Lu, Jiatong Hu, Jiajing Teng,* Hong Shang, Bing Sun,* and Wei

e
ang

Article Recommendations

. Increasing the Davaloping
their strang visible light absorption, eace of functionalization, excellent Molecular Highly Ordered

o i 5 wo e olecl c structure: Dipole. Assembly
thermal/photostahility, as well as tunable leu@u structures and Moment Shctre
eneryy levels. Tlowever, several challenges persist in the development
of PDI photocatalysts, including low clectron—hole separation
efficiency, slow charge transfer, and rapid carrier recombination. Tn S el i

CIETE e W Tl e ¢ ation. the Energy / Compesite Environmental
this perspective, we focus on cnhancing the performance of PDI Levels < Systems Prorecrion

photocatalysts Uwough a molecular design, We provide a compre-
hensive overview of various improvement strategies: (1) precise
medulation of melecular dipole moments by altering the polarity of
side chains to strengthen the built-in electric field, {2) utilization of
stetic hindrance and noncovalent interactions of side chains to
construct nanvscale, highly ordered supramolecular nanostructures, {3) modification of the perylene core w adjust molecular energy
Tevels and increase the number of active sites, (4) integration of P with various semiconductors or metals to form composite
systems that enhance the interfacial built-in electric fiefd or create extensive delocalized charge channels, and (3) selection of suitable
Tinleer gramps to build polymer photacatalysts with large dipole moments, These strategies can facilitate the separation and migration
of photogenerated carriers in PDI photocatalysts, cventually boosting their photocatalytic efficicncy, The relationship between
malecular structure and phatocatalytic performance, particularly in the context of photocatalytic degradation and water splitting, is
cxamined in detail. Finally, the future prospects and challenges of PDI photocatalysts are thoronghly discussed.

KEYWORDS: perylene diimides, molecular design, ovdered supramolectlar nanostructures, heferofunction, phetocatulysis

Enhancing PDT Photocatalysts”
Perfarmance

1. INTRODUCTION molecular design or forming composite systems enables
achieving full-spectrum absorption from ultraviolet to visible
and the near-infrared region, thereby broadening the
absorption spectrum, enhancing solar utilization etficiency,
and improving overall energy performance;? (i) angmenting
the internal clectric ficld of molecules or cxploiting interfacial
potential differences in composites can overcome high exciton
binding encrgics, fostering the separation of photogenerated
charge carriers;” (ifi) crafting highly ordered structures or
establishing extensive delocalized pathways lacilitates carriers
migration to the materials’ surface, while the production of
ulrathin manomalerials shortens migration distances and the
construction of heterojunctions minimizes carriers recombina
Lion, ly ent carrics sration eliciency;”
{iv} molecular structure modifications, composite construc-
tion, or metal doping can augment surface active sites,

As the global cconomy nndergoes rapid cxpansion, the cneegy
demand is escalating incessantly. Al the same lime, the
extensive utilization of nonrenewable fossil fuels and the
envirenmental pollution stemming from the production of
industrial products pose significant threats w buman health, It
is imperative to address the tve pressing global issues of
energy scarcity and environmental pollution, Semiconductor
photocatalysis weehnology represents a cutling-edge approach
that employs semiconductor materials as the medinm and
hamesses salar energy as the energy source, aiming to achieve
the renewable energy sources, such as hydrogen and methanal,
or the reduction of pollutants, Owing o il advamtages of
environmental sustainahility, high efficiency, and cost-cftective-
ness, semiconductor photocatalysis technology has emerged as
one of the most viable solutions o address encrgy and
covironmental problems. '
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lytic p ses generally encom-
pass photon abserplion, separalion of phologenerated charge
carricrs, migration of carricrs to the catalysts’ surface, and the
subsequent redox reactions at active sites on the surface.” Ta
elevate the photocatalytic performance of semiconductors,
research should delve into avenues such as (i) harnessing
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Nanofluidic Membrane-Assisted Organic Electrochemical
Transistors for Bioinspired Gustatory Sensation Based on

Selective Cation Transport

Yue Zhang, Yutian Ma, Lili Wang,* Chunyan Li, Lijuan Wu, Chengcheng Zhong,

Bing Sun,* Yupeng Chen,* and Le

Jiang

Natural organisms have evolved precise sensing systems relying on unique
ion channels, which can efficiently perceive various physical /chemical stimuli
based on ionic signal trar ion in biclogical fluid envi However,
it is still a huge challenge to achieve ive appli of the artificial
counterparts as an efficient wet sensing platform due te the fluidity of the
working medium. Herein, nanofluidic membranes with selective cation
transport properties and solid-state organic electrochemical transistors
{QECTs) with amplified signals are integrated together to mimic human
gustatory sensation, achieving ionic gustatory reagent recognition and a
portable configuration. Cu-HHTP nanofluidic membranes with selective
cation transport through their uniform micropores are constructed first,
followed by assembly with OECTs to form the designed nanofluidic
membrane-assisted OECTs (nanofluidic OECTs). As a result, they can
distinguish typically ionic gustatory reagents, and even icnic liquids (ILs),
demonstrating | gustatory perception perfc under a wide
concentration range (107-10"" M) compared with those of conventional
OECTs. The linear correlations between the response and the reagent
concentration further indicate the promising potential for practical application
as a next-generation sensing platform. It is suggested that nanofluidic
membranes mediated intramembrane cation transport based on the steric
hind effect, lting in distinguishable and imp d resp to
multiple ions.

1. Introduction

Biclogical ion channels play a significant
role in their vital activities, involving not
only basic uptake of ionic mineral ele-
ments but also high-level conversion of
biclogical energy and rapid transmission
of nerve signals Taking advantage of
these specific jon channels responsive to
various physical (temperature, pressure,
and light) and chemical (molecules and
ions) stimuli, biclogical organisms have
developed precise sensing  systems,~1')
which work based on ionic signal trans-
mission in biclegical fluid environments.
The corresponding artificial counterparts
are gradually attracting the attention of
researchers to conquer issues such ag
high-energy consumption and adverse hu-
midity interference of conventional sensing
platforms. 1] Silica/poly(ethylene tereph-
thalate) hybrid nanochannels!**|  MX-
enefeellulose nanofiber nanoflu
branes, conical asymmetric nanochan-
nels  grafted with  ferroporphyrin/®*]
MXene/Cu-HHTP and WS, /Cu-HHTP
heterogeneous  nanochannels 7l with
selective lon transport were successfully
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Cascading CRISPR/Cas and Nanozyme for Enhanced Organic
Photoelectrochemical Transistor Detection with Triple Signal
Amplification

Lin Zhang, Lo Hou, Hui-Hui Cai, Bing Sun,* De-Man Han* and Teng-Zao Chen™
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ABSTRACT: Inmovative signal amplification and transduction play pivotal roles
in bivanalysis, Hercin, cascading CRISPR/Cas and the nanozyme are integrated
with electronic amplification in an organic  photoelectrochemical  transistor
(OPECTY} to cnable triple signal amplification, which is excmplified by the
miRN A-triggered. CRISPR/Cas13a system and polyoxometalate nanozyme for
* detection of miRNA-21. The CRISPR/CasT3a-enabled release of glucose
wxidase could synergize with peroxidase-like SiW,; L induce calalylic precipitation
on the photogate, inhibiting the interfacial mags transfer and thus the significant
suppression of the channel current. The as-developed OPECT sensor 5
demanstrates good sensitivity and selectivity for miRNA-21 detection, with a Z!.‘. i

lingar range from 1 fM to 10 nM and an wltralow detection limit of 0,83 fM, 1his - S I,
study features the integration of bio- and cascade and elec ¢
triple signal amplification for OPECT" detection.
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B INTRODUCTION bivanalysis, the nascent OPTCT teLhr\u]Ul? promising for
Developing bioassays with high sensitivity and accuracy by the development of | e bi o
! N Clustered regulacly interspaced short palindromic repeals

using signal amplilication has long been pursued within the
metrology cemmunity. ‘Lo achieve this goal, extensive efforts
have been dedicated to explaring diverse biological pathways,
such as cnzymatic catalysis and nucleic acid-based amplifi
tion technologies.' ™ Photoelectrochemical (PECT) sensing is
ume of the state-of-the-art bivanalytical methods with excellent
characteristics in terms of remote control and  reduced
background due to the different encrgy forms of input and
out signals.'™"" Despite its good analytical performance,
achieving a higher sensitivity remains a key focus in PEC
analysis. Organic electrochemical transistors (OEC
which utilize electralyte ion implantation to modulate channel
conductivity, have emerged as a cotting-edge technique in
biosensing. Their inherent signal amplification, ease of
operation, and biocompatibility make them highly svitable
for multifunctional and diverse applications. Tlowever, the
requirement for an additional gate voltage (V) in the OECT
process poses challenges, as it is detrimental to vulnerable
biomolecules and increases power consumption. Recently,
organic photoclectrochemical transistor (OPECL) bioanalysis
hax been established through the integration of OLCT and
photoclectrochemical (PEC) 1 | 2618 10 his technic Received:  June 23, 2024
que, the regulated generation of photovoltage (Vp) wag ~ Revied:  August 12, 2024
observed to modify the potential distribution across solid— Aceeplads - August 15, 2024
liquid Incetfaces, conscquently altemating the doping state of FPublished: August 23, 2024
the palymeric channel and thus the device characteristics.

Duc to the distinctive advantages of OECT and PEC

RISPR);

e

s system, a group of widespread adap
stems, have gamered inereasing interest in recent
Cas13a, ong of the ey members of the Cas
an be programmed with CRISPR RNAs (arRNAs) Lo
nonspecifically frans-cleave nearby RNAs in the presence of its
target RNA.™ Such trans-cleavage activily, initiated by a single
target nucleic acid, can cleave numerous nonspecific mucleic
avid strands at physiological temperatures, resulting in
substantial signal amplification. In the ficld of biosensing,
compared to previous nucleic acid-based amplification
stratepics, the CRISPRS system significantly  simplifies
operational procedures and enhances analylical performance,
as demonstrated in many CRISPR assisted  biosen-

s acs, i shningsuidding

Sce hitps

a class of ials with enzyme-lik

characleristics, demonstrawe unigue advantages in lerms ol
enhanced stability, tunable catalytic activity, facile surface
modification, and inherent biocampatibility, enabling the
development of advanced biosensing with improved perform-
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Analysis of phosphorus and sulfur effect on soil selenium bioavailability
based on diffusive gradients in thin films technique and
sequential extraction

Tianyu Jiang“, Tao Yu™" , Hongbin Qi°, Fengyan Li”, Zhongfang Yang "
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HIGHLIGHTS GRAPHICAL ABSTRACT

« The application of § and P increased the
Se content of pak choi.

« Se uptake of pak choi with the § and P
were consistent with SOL-Se in the soil.

o The § and P application enhanced SOL-
Se to affect the bioavailability of soil Se.

« HA-Se was one of the main sources of
Coxs ,.& with exogenous S and P
applic

ARTICLEINFO ABSTRACT
Handling Editor. Lena Q. Ma Human intake of selenium (Se) mainly occurs through the food chain, and is largely dependent on the bioavailability of
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Abstract: The extensive amount of Satellite Image Time Series (SITS) data brings new opportunities
and challenges for land cover analysis. Many supervised machine learning methods have been
applied in SITS, but the labeled SITS samples are time- and effort-consuming to acquire. It is
necessary to analyze SITS data with an unsupervised learning method. In this paper, we propose
a new unsupervised learning method named Deep Temporal Iterative Clustering (DTIC) to deal
with SITS data. The proposed method jointly learns a neural network’s parameters and the resulting
features’ cluster assignments, which uses a standard clustering algorithm, K-means, to iteratively
cluster the features produced by the feature extraction network and then uses the subsequent
assignments as supervision to update the network's weights. We apply DTIC to the unsupervised
training of neural networks on both SITS datasets. Experimental results demonstrate that DTIC
outperforms the state-of-the-art K-means clustering algorithm, which proves that the proposed
approach successfully provides a novel idea for unsupervised training of SITS data.
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1. Introduction

In recent years, the remote sensing field has seen rapid development [1,2], resulting in
a flood of overhead high-resolution imagery from different remote sensing platforms [3-6].
Nowadays, modern earth observation programs generate massive amounts of satellite
image time series (SITS) data that can be used to record geographical areas over time [7].
Although this huge volume of SITS data offers abundant new sources, it far exceeds the
human capacity for analysis and requires highly automated techniques. Unlike a single-
scene photograph, SITS preserves the evolution of land cover types, which is sometimes
critical to making land cover types more identifiable [£,9]. How to effectively investigate
SITS information is still an open issue in the remote sensing field.

Deep learning is extensively used in a broad range of domains and gains popularity
in SITS land cover analysis [10-12]. It produces excellent results but is extremely reliant on
the amount of available data, and more precisely labeled data. Remote sensing produces a
large volume of data that is typically devoid of annotations. This situation is exacerbated
by time series of satellite images. On the one hand, the land cover type of SITS data
may change with time, especially for long time series [13], making the class label difficult
to determine in some situations. On the other hand, SITS data now provide a better
temporal resolution [14], allowing labeled training samples to simply keep up with the
high frequency of data capture. Therefore, multiple clustering approaches are used in the
SITS data to overcome the difficulties mentioned above.

There have been are numerous clustering techniques used to perform unsupervised
classification on SITS data for different tasks [15-17]. Different clustering methods differ
mainly in clustering features and similarity measures [18-20]. For example, the widely
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Abstract: As a major disturbance to forest ecosystems, wildfires pose a serious threat to the ecological

i Monitoring post-fire veg: recovery is critical to quantifying the effects of wildfire
on ecosystems and conducting forest resource management. Most previous studies have analyzed
short-term (less than five years) post-fire recovery and limited the driving factors to temperature
and precipitation. The lack of long-term and multi-faceted observational analyses has limited our
understanding of the long-term effects of fire on vegetation recovery. This study utilized multi-source

remote sensing data for a long time series analysis of post-fire vegetation recovery in China based
on Google Earth Engine (GEE) cloud computing platform. lized Difference Index
(NDVI), Enhanced Index (EVI), lized Burn Ratio (NBR), and Normalized Difference
Moisture Index (NDMI) were selected to quantify the low, moderate, and high severity of burned

areas. Ridge Regression Model (RRM) was used to analyze the relationship between 15 driving
factors and the vegetation regeneration process. The results show that it took at least 7-10 years for
the vegetation index to recover to the pre-fire level after a forest fire. The recovery rate of high severity
combustion areas was the fastest within the first two years. From the results of Ridge Regression,
it came out that the overall fitting degree of the model with NDVI as the dependent variable was
superior than that with EVL. The four variables of temperature, precipitation, soil temperature, and
soil moisture were able to explain the change in more detail in vegetation indices. Our study enriches
the research cases of global forest fires and vegetation recovery, provides a scientific basis for the

ble develo of forest ec in China, and provides insight into environmental
issues and resource management.
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1. Introduction

Fire is a natural disturbance that occurs every few years in many forest ecosystems [1].
The distributions and characteristics of forest fuels are changing due to global warming,
which impacts the occurrence of forest fires [2-5]. Fire affects atmospheric chemistry, forest
ecosystem succession, carbon cycling, forests degradation, and land-use change [6-10].
Forest fires have occurred frequently in recent years, such as the California forest fires
in the United States in October 2003 [11,12], the Australian forest fires in February 2001
and March 2002 [13-15], and the forest fires that occurred in the northeastern forest areas
of China in 1987, 1992, and 1996 [16-19], etc., which have seriously affected the social,
economic, and ecological benefits of forest areas [20-23]. On the other hand, fire also
increases the diversity of ecosystem species and promotes natural regeneration [19]. Forests
are renewable resources with a long growth cycle [24]. After severe fires, forests are often
replaced by sparse woodland or scrub. If repeatedly burned, forests may become barren
grassland or even bare ground [25,26].

The theory of vegetation recovery trends after forest fires is one of the hot spots in
studies of forest fires. As early as the 1930s, Russian scholars began to study the effects
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Abstract: The canopy volume of fruit trees is an important input for the precise and varying applica-
tion of pesticides in orchards. The fixed mesh division method is mostly used to calculate canopy
volumes with variable target-oriented spraying. To reduce the influence of the working speed on

the detection accuracy under a fixed mesh width division, the cuboid accumulation of divided areas
(CADASs), which is a light detection and ranging (LiDAR) online detection method for a fruit tree
canopy volume based on dynamic mesh division, is proposed in this paper. In the method, the area is
divided according to the number of unilateral nozzles of the sprayer in the canopy height direction of
the fruit tree, and the mesh width is dynamically adjusted according to the change in the working
speed in the moving direction of the sprayer. To verify the accuracy and applicability of the method,
the simulation canopy and peach tree canopy detection experiments were carried out. The test
results show that the CADA method can be used to calculate the contour and volume of the canopy.
However, detection errors easily occur at the edge of the canopy, resulting in a detection error of 8.33%
for the simulated canopy volume. The CADA method has a good detection accuracy under different
moving speeds and fruit tree canopy sizes. Ata speed of 1 m/s, the detection accuracy of the canopy
volume reaches 99.18%. Compared with the existing canopy volume calculation methods based
on the alpha-shape algorithm and canopy meshing-profile characterization (CMPC), the detection
accuracy of the CADA method is 2.73% and 7.22% better, respectively. This method can not only
reduce the influence of the moving speed on the detection accuracy of the canopy volume, but also
improve the detection accuracy. Thus, this method can provide theoretical support for the research
and development of target-oriented variable spraying control systems for orchards.
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1. Introduction

The prevention and control of orchard diseases mainly rely on chemical pesticides.
The traditional spraying method is continuous spraying; however, this method creates
pesticide waste and environmental pollution caused by excessive spraying [1]. An accurate
target-oriented variable application technology for orchards is an effective way to solve the
above problems. It detects the orchard target characteristic information (position, volume,
leaf area density, etc.) online through a sensor system, calculates target drug demand, and
regulates the variability of drug supply to achieve the on-demand application of pesticides
according to target-oriented variables [2]. The detection of target feature information of
fruit trees is a prerequisite for achieving precise and variable spraying. Target feature
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