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WA B (VN-HCN-OH). iid TEM. XPS. EPR #1 FT-IR ZE4ETBAEM T VN-HCN-OH £ L4544
KB BATAMIER . L8 E BRI, VN-HCN-OH JEIL T & i (KOG A K = A Mg (8.7
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Mk RuO, FkZ % Co. Ni LA, Ak, Co,gFeqsSipOs(OH), EAAHAL TR I K AT 1k Z e e 1,
K TAE RN — ST RIEHZRE B E A AR TR 5.
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Organic Solar Cell Materials, Devices, and Applications
Tao Liu*, Linji Yang, Ciyuan Huang
Guangxi University

Organic solar cells (OSCs) not only represent a promising next-generation photovoltaic technology but also
offer the opportunity to fabricate low-cost green photocatalytic/adsorbent materials for water treatment using their
active layers. In recent years, my research has focused on addressing the challenges in effectively engineering the
ideal morphology of the active layer in OSCs from molecular and device engineering perspectives to enhance
device efficiency and stability, as well as to expand the application of OSC active layers in water pollution control.
References [1-9] highlight achievements including achieving device efficiencies of 16.33% and 17.36% in
high-humidity air environments/glove boxes, which were among the best records at the time for device fabrication
in air and non-halogenated solvent environments. Additionally, the first fully polymer-based devices constructed
using polymers derived from isomeric copolymers achieved efficiencies exceeding 15% and demonstrated
excellent stability. By integrating high-quality interpenetrating network fiber-like structures of OSC active layers
with biomass resources from Guangxi, low-cost recyclable photocatalysts/adsorbents were prepared. These
materials effectively degraded high-concentration lignin pollutants in papermaking wastewater, maintaining high
efficiency and stability over 100 repeated experiments, while rapidly and efficiently removing various heavy
metal ions from wastewater with consistent efficiency over 10 repeated experiments.
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i, PO AR A RLZ K  [5] BI@C 45°KFFA1 0°C T HILLZE A 327.5 mAh g™ CA IR 94.3%),
U7 2 A g™t FORHLIR R AR AR5 300.3 mAh g iUEL 285, (3) it T —Fh A& R A LA & 456
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Dye-sensitized solar cells (DSSCs) have attracted wide attention due to their abundant raw materials, low
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cost and simple preparation process. At present, DSSCs devices have achieved power conversion efficiency (PCE)
of up to 14.3%, but the N719 dye-based DSSCs only obtained the PCEs of about 11.5%, far below the minimum
value of 15% required for commercial applications. The main reasons for this phenomenon are small specific
surface area, poor electron transport performance, and narrow response range of the sensitizer loaded on the
photoanode to the solar spectrum, which greatly limits its large-scale application.To solve these problems, we
proposed two main solutions. Firstly, the design of functionalized TiO, nanomaterials, such as TiO, hollow
spheres (TiO,-HSs) and peanut-like TiO, (PN TiO,) significantly increased the specific surface area of
photoanode materials and improved the electron transport performance on the photoanode. Secondly,
upconversion nanoparticles (UCNPs) and Au nanoparticles (AuNPs) were introduced into the photoanode of
DSSCs. A multifunctional composite photoanode containing TiO, hollow spheres (TiO,-HSS), AuNPs and a novel
NaYF4:Yb,Er@NaLuF4:Eu@SiO, (Er@Eu@SiO,) UCNPs was proposed. AuNPs were grown in situ on
photoanode films containing TiO,-HSs and UCNPs by a simple plasma treatment. The DSSC based on the
multifunctional composite photoanode achieved a photoconversion efficiency of 14.13%, which is the highest
record for DSSCs based on N719 dyes. It is worth noting that after 180 h of steady-state test, the efficiency of the
champion battery still maintained 95.33%, showing good equipment stability. This work provides a simple,
economical and effective strategy for preparing multifunctional composite photoanodes, which is expected to
realize potential application value in the field of solar cells.
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Based on - NaYF,: Yb, Er@NaGdF, Composite photoanode of Nd UCNPs and TiO, HSs to enhance the
photoelectric performance of DSSCs
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Ye Xiong*
Henan University

In recent decades, dye sensitized solar cells (DSSCs) have received widespread attention due to their
advantages of low cost, simple preparation process, and considerable efficiency. According to reports, DSSCs
devices using heavy metal complexes as photosensitizers have achieved over 11% photoelectric conversion
efficiency (PCE), and DSSCs based on the synergistic effect of two non-metallic organic sensitizers have achieved
an efficiency of up to 14.3% . However, the efficiency of current experimental measurements is still far below the
Shockley Queisser (SQ) efficiency limit of about 30%. The main reason for this significant difference is the
inability to effectively utilize the infrared and near-infrared (NIR) light that occupies nearly half of the solar
radiation, resulting in so-called transmission losses and greatly limiting the efficiency improvement of DSSCs. To
address this issue, introducing UCNPs onto the photoanode loaded with photosensitizers is an effective solution,
as UCNPs can convert NIR light into UV visible light, thereby expanding the light absorption range of
photosensitizers to the near-infrared region, which helps to develop DSSCs devices that fully utilize near-infrared
light. We prepared a core-shell structure of NaYF,;: Yb using a simple solvent thermal synthesis method,
Er@NaGdF; Nd UCNPs were doped into the photoanode material along with TiO, HSs. In this way, UCNPs can
expand the absorption range of the composite photoanode, while TiO, HSs can enhance the light scattering ability
of the composite photoanode. Among them, the photoelectric conversion efficiency of the DSSC device
containing P25: TiO, HSs: UCNPs is 8.17%, which is 17.22% higher than the DSSC of the P25: TiO, HSs
composite film without UCNPs, and 59.26% higher than the DSSC of the pure P25 film. This improvement can be
attributed to the synergistic effect between UCNPs and TiO, HSs.

D21-16
Upconversion photoluminescence enhancement by Gd-doped NaYF4:Yb,Er@SiO, nanoparticles and their
application in dye-sensitized solar cells
Shuaigi Hu*
School of Chemistry and Molecular Science, Henan University

Ever since the groundbreaking work in 1991, dye-sensitized solar cells (DSSCs) have received considerable
attention owing to their low fabrication cost, simple preparation procedure, and high photovoltaic performance.
During the past 30 years, numerous studies have been focused on the enhancement of power conversion
efficiencies (PCEs) in DSSCs devices so as to meet the requirements of the minimum threshold (15%) for
commercial application. It is reported that the DSSCs using metal complexes as sensitizers have realized the PCEs
of exceeding 11%, and more encouragingly a record high PCE of 14.3% has been obtained in a DSSC based on
metal-free organic dyes under one sun illumination.

Introducing upconversion nanoparticles (UCNPSs) onto photoanode films is an effective way to enhance the
photovoltaic performance of dye-sensitized solar cells (DSSCs). In this contribution, the B-NaYGdF,:Yb, Er
UCNPs and B-NaYGdF,:Yb,Er@SiO, nanoparticles (NPs) were prepared by tuning the dopant contents of the Gd
ions and the B-NaYGdF,:Yb,Er@SiO, NPs were applied as an upconverting layer in DSSCs. Upconversion
photoluminescence indicates that the UCNPs doped with 5% Gd ions exhibit the strongest green and red
fluorescence emissions. Moreover, the DSSCs device incorporating the NPs with 5% Gd ion dopant can achieve
an optimal photovoltaic efficiency of 5.89%, which is 20.20% enhancement in comparison to the device without
NPs and 16.17% increasement with respect to the device containing B-NaYF,:Yb,Er@SiO, nanocrystals, thus
highlighting the effect of the doping of the Gd ions in nanoparticles on their upconversion photoluminescence and
photoelectric performance. Accordingly, the current results offer a feasible strategy for further regulating the
photoluminescence property of UCNPs and optimizing the photovoltaic performance of UCNPs-based DSSCs
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D21-26
Suppression of Cation Intermixing Highly Boosts the Performance of Core—Shell Lanthanide Upconversion
Nanoparticles
Cong Liu*
Henan University

Lanthanide upconversion nanoparticles (UCNPs) have been extensively explored as biomarkers, energy
transducers, and information carriers in wide-ranging applications in areas from healthcare and energy to
information technology. In promoting the brightness and enriching the functionalities of UCNPs,
core—shell structural engineering has been well-established as an important approach. Despite its importance, a
strong limiting issue has been identified, namely, cation intermixing in the interfacial region of the synthesized
core—shell nanoparticles. Currently, there still exists confusion regarding this destructive phenomenon and there is
a lack of facile means to reach a delicate control of it. By means of a new set of experiments, we identify and
provide in this work a comprehensive picture for the major physical mechanism of cation intermixing occurring in
synthesis of core—shell UCNPs, i.c., partial or substantial core nanoparticle dissolution followed by epitaxial
growth of the outer layer and ripening of the entire particle.Importantly, we established a simple method to better
reserve the seed core nanoparticles from dissolution by adding excessive sodium oleate, which regulates the
dissolution equilibrium of the core nanoparticles and facilitate the cubic-to-hexagonal phase transition involved in
the core—shell synthesis process. This route can effectively suppress cation intermixing and present core—shell
nanoparticles with a much-boosted performance.We believe that the results of this work provide generic
ramifications for synthesizing and employing core—shell UCNPs and further boost their applicability in already
established technologies, including applications for bioimaging where a combination of small size and high
brightness of the UCNPs is key for their applicability.
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D21-28
Synthesis of "'small and bright™ up-conversion nanoprobes using transient energy capture
Shanshan Song*
Henan University

Up-conversion nanoparticles (UCNPs) have received more and more attention in the biomedical field, not
only for bioimaging, but also for optogenetics and gene editing. This is due to several significant advantages of
UCNPs, such as high light stability, high chemical stability, low toxicity, large imaging depth, no autofluorescence
interference and little damage to biological However, UCNPs has not been widely used in the biomedical field,
mainly because of their large size. Despite efforts to develop small size UCNPs, small size UCNPs have a strong
surface quenching effect, making their luminescence usually weak.specimens. Generally, surface passivation
strategy or sensitization effect is used to reduce surface quenching and achieve the purpose of enhancing the
luminous intensity of nanoparticles. However, the use of the above methods will inevitably increase the mass,
volume and size of the nanoparticles, which runs counter to the original intention. Therefore, there is an urgent
need to develop more effective sensitization or passivation strategies to improve the luminescence performance of
small-size UCNPs with size control. We explored the transient energy capture effect in Er** sensitized UCNPs and
demonstrated that this effect can be applied to Yb*' sensitized UCNPs, confining the energy inside the
nanoparticle without rapidly dissipating from the surface, thereby enhancing the upconversion luminescence
intensity. This work solves the problem of how to enhance the luminous intensity of UCNPs to get "small and
bright* UCNPs without increasing the size of UCNPS and covering the shell. Using this "small and bright"
UCNPs, bright cell images with clear nuclear boundaries can be obtained.

D21-29
Low-lying excited state energy trap induced by cross-relaxation — The main origin of concentration
guenching in lanthanide upconversion nanoparticles
Yafei Huang*
Henan University

In lanthanide-doped upconversion nanoparticles (UCNPs), the concentration of emitter ions, also known as
activator ions, is usually limited to 1 — 5 mol% due to concentration quenching effects. This circumstance limits
the luminescent efficiency of UCNPs’ and their use in a variety of application areas. Earlier studies have attributed
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the activator concentration quenching to migration of energy to the nanoparticle surface, while indicating that
cross-relaxation between activator ions had a minor role therein. The effect of energy transfer pathway between
activator ions on the luminescence properties of UCNPs was studied. NaYF.: x% Er doped with Er**, NaYF,: x%
Er@NaLuF,and Yb-Er co-doped NaYF,: 20% Yb, x% Er, NaYF,: 20% Yb, x% Er@NaLuF, were synthesized by
thermal decomposition method. The results show that: First, the cross-relaxation between activator ions plays an
important role in the concentration quenching of upconversion emission, and these quenching cannot be simply
attributed to the energy transfer to the surface. Second, the side effects of cross relaxation can be inhibited when
the absorptive capacity of activator ions is very prominent. Third, cross relaxation results in the accumulation of
excitation energy at the lowest excited state level of the activator ion, forming a "low energy trap" and enhancing
the down-transition emission intensity related to the energy state. Fourth, the "low energy trap" can be utilized to
adjust the upconversion fluorescence channel to achieve pure red emission that is more conducive to biological
imaging. The study identified the role of cross relaxation in the concentration quenching of co-doped UCNPs and
supplied the possibility to further optimize the upconversion emission in specific fields such as bioimaging,
energy harvesting, and nanophotonics.
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Electro-optic (EO) modulators with low voltages and large bandwidths are crucial in optical fiber
communication systems. Thin-film lithium niobate modulators retain material advantages such as linear response,
high extinction ratio, robust optical power handling, and minimal optical losses, offering significantly improved
voltage-bandwidth performances compared to conventional bulk lithium niobate modulators. The proposed
Mach-Zehnder (MZ) EO modulator was designed using Spoof Surface Plasmon Polariton (SSPP) theory. SSPP
is a type of electromagnetic surface wave that propagate on sub-wavelength periodic metal groove structures in
microwave and terahertz frequency ranges, exhibiting dispersion characteristics similar to the optical surface
plasmon polariton and promising advantages of local field enhancement and non-diffraction limit. However,
integrated with SSPP transmission line structure as the traveling-wave electrode in EO modulator introduced the
slow-wave effect, causing index mismatch between the microwave and the optics. Quartz, with its low dielectric
constant, was utilized as a substrate to achieve index perfect matching in this work. This MZ EO modulator, with
a modulation section 4.8 mm in length, demonstrated a low half-wave voltage of 4.8V and a large 3 dB
modulation bandwidth exceeding 120 GHz.
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Substrate Screening for the Growth of Carbon Networks Containing 1D Grain Boundaries
Haojie Huang**
1. Institute of Chemistry, Chinese Academy of Sciences

The carbon element can hybridize in sp, sp? and sp® configurations, enabling for the formation of a diverse
range of structures. Currently, various two-dimensional carbon allotropes with unique properties have been
theoretically predicted. Recently, Fan et al. successfully synthesized a nonbenzenoid carbon allotrope, igniting a
wave of interest in carbon allotropes synthesis (Science, 2021, 372, 852-856). In this study, first-principles
calculations were employed to systematically explore the growth behavior of carbon networks containing
graphene nanoribbons and one-dimensional grain boundaries on high-index Cu substrates. The grain boundary
composed of square and octagonal carbon rings, separated by graphene ribbons of varying widths. The growth
process can be divided into two main stages: 1) the formation of nanoribbons along the step edges, and 2) the
coalescence of nanoribbons. Our findings suggest that Cu(112) and Cu(122) substrates can stabilize two distinct
4|8 carbon networks respectively, while the critical parameters Influencing growth are the step width and step
misalignment angle. We propose that it is possible to selectively fabricate carbon networks with different widths
of 4|8 one-dimensional grain boundaries through a rational design of the step morphology on the substrate surface.
This work provides essential theoretical reference for the synthesis of carbon allotropes.
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Design and preparation of photothermal materials for optoelectronic devices and interface evaporation
devices
Longshi Rao**, Bin Sun*, Yang Liu*
1. Shantou University

Novel low-dimensional fluorescent nanomaterials, characterized by tunable sizes and excellent photothermal
properties, play a crucial role in optoelectronic devices, health monitoring, and biomedicine. Their spectra and
dimensions determine the final device performance. However, traditional preparation methods for these materials
suffer from uneven temperature distribution and difficulties in controlling the reaction process and recognizing
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dimensional changes, making precise control of multicolor spectra and cross-dimensional structures challenging.
To address this, we are exploring field-assisted microfluidic methods to accurately control the spectra and
dimensions of low-dimensional fluorescent nanomaterials. Additionally, carbon nanomaterials, with their unique
physicochemical properties, high light absorption, and relatively low thermal conductivity, are ideal photothermal
conversion materials. We propose an innovative strategy for the controlled preparation of carbon dots with
broad-spectrum strong absorption using microreactors, elucidating the impact of the physicochemical properties
of carbon nanomaterials on their photothermal performance, thus achieving efficient photothermal conversion.
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Preparation of upconversion nanoparticles and their effect on the photoelectric conversion efficiency of
dye-sensitized solar cells
Ruiyu Zhang**
1. Henan University

Dye-sensitized solar cells (DSSCs) have become a good solar energy harvesting equipment because of their
low production cost and simple manufacturing process, and have broad application prospects in many fields.
DSSCs have achieved rapid development in the past three decades, but their maximum photoelectric conversion
efficiency is still less than 15%. This is due to the low dye loading rate of the photoanode and the narrow light
absorption range of the synthesized upconversion nanoparticles. In addition, the size of upconversion
nanoparticles with high synthetic fluorescence intensity is larger, resulting in a limited number of nanoparticles
loaded on the photoanode, which is also not conducive to improving the photoelectric conversion efficiency. In
order to solve the above problems, we modified the cell structure, inserted a 200 nm TiO2 thin layer into the light
scattering layer on the outer layer of the photoanode and the light dense layer in the inner layer, so that the
photoelectric conversion efficiency of the modified blank cell increased to 6.89 %. At the same time, Nd3+ ions
were added to B-NaYF4: Yb, Ho UCNPs. TiO2 hollow spheres (TiO2-HSs) were synthesized to increase the dye
load of the photoanode. The dye load of the photoanode and the photoelectric conversion efficiency of DSSCs
devices were tested under ultraviolet-visible and simulated sunlight irradiation. The results show that adding
TiO2-HSs to DSSCs not only increases the dye load, but also significantly improves the photoelectric conversion
efficiency of DSSCs devices. When the upconversion nanoparticles and TiO2 hollow spheres were applied to the
photoanode at the same time, the DSSCs device demonstrated an optimal photoconversion efficiency of 7.28 %, a
30 % improvement over the blank cell. This work provides a new idea for preparing composite photoanode films
based on TiO2-HSs to enhance the photoelectric conversion efficiency of DSSCs.
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