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学术动态    工具助手 

 

美国 Science (《科学》)、英国 Nature (《自然》)

及美国 Cell (《细胞》)是国际公认的三大享有最高学

术声誉的科技期刊，发表在这三大期刊上的论文简称 

CNS 论文。 

本期梳理 2025 年 10 月 Nature、Science 期刊上

材料科学领域的最新论文。 

 

 



 
 

 

[1] Anion sublattice design enables superionic conductivity in crystalline 
oxyhalides 

阴离子亚晶格设计实现晶体卤氧化物超离子导体 
出版信息：Science, 9 OCT 2025, VOL 390, ISSUE 6769 
作者：FEIPENG ZHAO, SHUMIN ZHANG, SHUO WANG, JOEL W. REID, WEI 
XIA, JUE LIU, ET AL. 
第一作者单位：Department of Mechanical and Materials Engineering, Western University, 
London, ON, Canada. 
全文链接:https://www.science.org/doi/10.1126/science.adt9678 
Abstract: Solid-state batteries are attractive energy storage systems as a result of their 
inherent safety, but their development hinges on advanced solid-state electrolytes 
(SSEs). Most SSEs remain largely confined to single-anion systems (e.g., sulfides, 
oxides, halides, and polymers). Through mixed-anion design strategy, we develop 
crystalline Li3Ta3O4Cl10 (LTOC) and its derivatives with excellent ionic conductivities 
(up to 13.7 millisiemens per centimeter at 25°C) and electrochemical stability. The 
LTOC structure features mixed-anion spiral chains, consisting of corner-shared oxygen 
and terminal chlorine atoms, which induces continuous “tetrahedron-tetrahedron” Li-
ion migration pathways with low energy barriers. Additionally, LTOC demonstrates 
holistic cathode compatibility, enabling solid-state batteries operation at 4.9 volts 
versus Li/Li+ and low temperature, down to −50°C. These findings describe a 
promising class of superionic conductors for high-performance solid-state batteries. 
摘要翻译：固态电池因其固有安全性而成为吸引人的储能系统，但其发展取决于

先进的固态电解质（SSEs）。大多数 SSE 在很大程度上仍局限于单阴离子体系

（例如，硫化物、氧化物、卤化物和聚合物）。通过混合阴离子设计策略，研究

组开发了晶体 Li3Ta3O4Cl10（LTOC）及其衍生物，具有优异的离子电导率（在 25℃
时高达 13.7 毫西门子/厘米）和电化学稳定性。LTOC 结构具有由共享顶点氧原

子和末端氯原子组成的混合阴离子螺旋链，可诱导形成具有低能垒的连续“四面

体-四面体”锂离子迁移路径。此外，LTOC 具有整体阴极兼容性，使固态电池能

够在 4.9 伏特（vs. Li/Li+）电压和低至-50℃的低温下稳定运行。该发现描述了一

类可用于高性能固态电池的颇有前景的超离子导体。 
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[2] Electrically controlled interlayer trion fluid in electron-hole bilayers 
电子—空穴双层结构中的电控层间三子流体 
出版信息：Science, 16 Oct 2025, VOL 390, ISSUE 6770 
作者：Ruishi Qi, Qize Li et al. 
第一作者单位：Department of Physics, University of California, Berkeley, CA, USA. 
Materials Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, CA, 
USA. 
全文链接：https://www.science.org/doi/10.1126/science.adn4584 
Abstract： The combination of repulsive and attractive Coulomb interactions in a 
quantum electron-hole (e-h) fluid can produce correlated phases of multiparticle charge 
complexes, such as excitons, trions, and biexcitons. We report an experimental 
realization of an electrically controlled interlayer trion fluid in van der Waals 
heterostructures. In strongly coupled e-h bilayers, electrons and holes spontaneously 
form three-particle trion bound states. The interlayer trions can assume 1e-2h and 2e-
1h configurations. We show that the two holes in 1e-2h trions form a spin-singlet with 
a spin gap of approximately one milli–electron volt. By electrostatic gating, the 
equilibrium state can be continuously tuned into an exciton fluid, a trion fluid, an 
exciton-trion mixture, or a trion-charge mixture. Our work demonstrates a platform to 
study correlated phases of tunable Bose-Fermi mixtures. 
摘要翻译：在量子电子—空穴（e-h）流体中的排斥性与吸引性库仑相互作用共同

作用，可产生多粒子电荷复合体的相关相态，如激子、三子和双激子。研究者报

道了在范德瓦尔斯异质结中实现电控层间三子流体的实验成果。在强耦合电子—
空穴双层结构中，电子与空穴自发形成三粒子三子束缚态。层间三子可呈现 1e-
2h 与 2e-1h 两种构型。研究发现，1e-2h 三子中的两个空穴会形成自旋单重态，

其自旋能隙约为 1 毫电子伏特。通过静电栅压调控，该平衡态可连续转变为激子

流体、三子流体、激子—三子混合态或三子—电荷混合态。这项研究为了解可调

谐玻色—费米混合体的相关相态提供了新平台。 
文中插图： 



 
 

[3] Electron accumulation across the perovskite layer enhances tandem solar 
cells with textured silicon 

钙钛矿层上的电子积累提升了织构硅叠层太阳能电池 
出版信息：SCIENCE, 30 OCT 2025, VOL 390, ISSUE 6772 
作者：OUSSAMA ER-RAJI, CHRISTOPH MESSMER, RAKESH R. PRADHAN, 
OLIVER FISCHER, VLADYSLAV HNAPOVSKYI, SOFIIA KOSAR, ET AL. 
第一作者单位：Fraunhofer Institute for Solar Energy Systems ISE, Freiburg, Germany. 
Chair for Photovoltaic Energy Conversion, Department of Sustainable Systems 
Engineering (INATECH), University of Freiburg, Freiburg, Germany. 
Freiburg Center for Interactive Materials and Bioinspired Technologies (FIT), 
University of Freiburg, Freiburg, Germany. 
全文链接：https://www.science.org/doi/10.1126/science.adx1745 
Abstract：  Reducing charge carrier transport losses, improving selectivity, and 
minimizing nonradiative recombination are essential for enhancing the efficiency and 
stability of perovskite/silicon tandem solar cells. We used a hybrid two-step perovskite 
deposition method that is compatible with industry-standard textured silicon, 
incorporating a perovskite surface treatment based on 1,3-diaminopropane 
dihydroiodide. The interaction of this molecule with the perovskite surface increased 
the majority charge carrier concentration at the electron-selective contact, which 
reduced interfacial recombination. Simultaneously, this field-effect passivation 
increased the electron concentration across the entire intrinsic perovskite absorber, 
which increased conductivity and reduced transport losses. Combined, this yields high-
performance, fully textured perovskite/silicon tandem solar cells, achieving a 1-sun 
AM1.5G conversion efficiency of 33.1% with an open-circuit voltage of 2.01 volts and 
an extended outdoor stability in the Red Sea Coast. 
摘要翻译：降低载流子输运损失、提高选择性和最小化非辐射复合是提高钙钛矿

/硅叠层太阳能电池效率和稳定性的关键。研究组使用了一种与工业标准织构硅

兼容的混合两步钙钛矿沉积方法，结合基于 1,3-二氨基丙烷二氢碘化物的钙钛矿

表面处理。该分子与钙钛矿表面的相互作用增加了电子选择性接触处的大部分载

流子浓度，从而减少了界面重组。同时，这种场效应钝化增加了整个本征钙钛矿

吸收体的电子浓度，从而提高了电导率并降低了输运损失。研究组将二者结合，

制备了高性能、全织构的钙钛矿/硅叠层太阳能电池，实现了 33.1%的单太阳

AM1.5G 转换效率，开路电压为 2.01 伏，并在红海海岸测试中提升了户外稳定

性。 
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[4] Glycolysis-compatible urethanases for polyurethane recycling 
糖酵解相容氨基甲酸酯酶助力聚氨酯回收 
出版信息：SCIENCE, 30 OCT 2025, VOL 390, ISSUE 6772 
作者：YANCHUN CHEN, JINYUAN SUN, KELUN SHI, TONG ZHU, RUIFENG 
LI, RUIQIAO LI, ET AL. 
第一作者单位：AIM Center, College of Life Sciences and Technology, Beijing 
University of Chemical Technology, Institute of Microbiology, Chinese Academy of 
Sciences, Beijing, China. 
全文链接：https://www.science.org/doi/10.1126/science.adw4487 
国内报道：https://news.buct.edu.cn/2025/1031/c2108a213369/page.htm 
Abstract ： Recycling thermoset polyurethanes is hindered by their cross-linked 
structures and chemically stable urethane bonds. Although chemo-enzymatic 
approaches offer promise, known urethanases remain inefficient under industrial 
glycolysis conditions. Here, we present GRASE [graph neural network (GNN)–based 
recommendation of active and stable enzymes], a GNN-based framework that 
integrates self-supervised and supervised learning to identify efficient, glycolysis-
compatible urethanases. Among these, AbPURase exhibited two orders of magnitude 
greater activity than previously known enzymes in 6 molar diethylene glycol, enabling 
near-complete depolymerization of commercial polyurethane at kilogram scale within 
8 hours. Structural analysis revealed that a tightly packed hydrophobic core and proline-
stabilized lid loop may confer AbPURase’s stability and efficiency in harsh solvents. 
This work highlights how deep learning accelerates the discovery of biocatalysts with 
industrial potential and addresses a critical barrier in polyurethane recycling. 
摘要翻译：热固性聚氨酯的交联结构和化学稳定的氨基甲酸酯键阻碍了其回收。

虽然化学酶法颇具潜力，但已知的氨基甲酸酯酶在工业糖酵解条件下仍效率低下。

研究组提出了 GRASE，即基于图神经网络（GNN）的最佳活性和稳定酶推荐系

统。GRASE 是一个基于 GNN 的框架，集成了自我监督和监督学习，以识别高

效、糖酵解兼容的氨基甲酸酯酶。其中，AbPURase 在 6M 二甘醇中表现出比此

前已知酶高两个数量级的活性，能够在 8 小时内实现公斤级商用聚氨酯的几乎完

全解聚。结构分析表明，紧密堆积的疏水核心和脯氨酸稳定的盖环可能保证了

AbPURase 在严苛溶剂环境中的稳定性和效率。这项工作强调了深度学习如何加

速具有工业潜力的生物催化剂的发现，并解决了聚氨酯回收中的一个关键障碍。 
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[1] Toughened self-assembled monolayers for durable perovskite solar cells 
增韧自组装单层助力耐用钙钛矿太阳能电池 
出版信息：Nature, 2 October 2025, Volume 646 Issue 8083  
作者：Wenlin Jiang, Geping Qu, Xiaofeng Huang, Xia Chen, Linyuan Chi, Tonghui 
Wang, et al.  
第一作者单位：Department of Materials Science and Engineering, City University of 
Hong Kong, Kowloon, Hong Kong, China 
全文链接：https://www.nature.com/articles/s41586-025-09509-7 
国内报道：https://www.cityu.edu.hk/media/press-release/2025/11/03/cityuhk-
researchers-develop-highly-efficient-and-durable-perovskite-solar-cells 
Abstract：Hole-selective self-assembled monolayers (SAMs) have played a key role 
in driving the certified power conversion efficiency (PCE) of inverted perovskite solar 
cells to 26.7%. However, their instability often compromises the operational 
performance of devices, strongly hindering their practical applications. Here we employ 
a cross-linkable co-SAM to enhance the conformational stability of hole-selective 
SAMs against external stresses, while suppressing the formation of defects and voids 
in SAM during self-assembly. The azide-containing SAM can be thermally activated 
to form a cross-linked and densely assembled co-SAM with a thermally stable 
conformation and preferred orientation. This effectively minimizes substrate surface 
exposure caused by wiggling of loose SAMs under thermal stress, preventing 
perovskite decomposition. This enables a certified PCE of 26.92% to be achieved for 
the best-performing cell, which also possesses excellent thermal stability with 
negligible decay under maximum-power-point tracking at 85 °C for 1,000 h. It also 
retains >98% of initial PCE after 700 repetitive thermal cycles between −40 °C and 
85 °C, representing the state of the art of the field. This work offers an in-depth 
understanding of SAM degradation mechanisms to guide the design of a more robust 
buried interface for SAM-based devices adopting high-roughness substrates to realize 
highly efficient and durable perovskite solar cells. 
摘要翻译：倒置钙钛矿太阳能电池的认证功率转换效率（PCE）高达 26.7%，其

中空穴选择性自组装单层膜（SAMs）发挥了关键作用。然而，SAM 不稳定性往

往会影响设备的操作性能，严重阻碍了其实际应用。研究组采用了一种交联的共

SAM 来增强空穴选择性 SAM 对外部应力的构象稳定性，同时抑制自组装过程

中 SAM 中缺陷和空隙的形成。含叠氮化物的 SAM 可被热激活形成交联和密集

组装的共 SAM，具有热稳定构象和优先取向。这有效地减少了因热应力下松散

SAM 摆动引起的基底表面暴露，防止钙钛矿分解。这实现了最佳性能电池的认

证 PCE 达到 26.92%，具备出色的热稳定性，在 85℃、1000 h 的最大功率点跟踪

下，衰减可以忽略不计。在- 40℃和 85℃之间进行 700 次重复热循环后，其仍保

留＞98 %的初始 PCE，代表了该领域的顶尖技术水平。这项工作提供了对 SAM
降解机制的深入理解，以指导采用高粗糙度基底的 SAM 基器件设计更稳健的埋

藏界面，从而实现高效耐用的钙钛矿太阳能电池。 
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[2] Cryogenic X-ray photoelectron spectroscopy for battery interfaces 
电池界面的低温 X 射线光电子能谱 
出版信息：Nature, 23 October 2025, Volume 646, Issue 8086 
作者：Sanzeeda Baig Shuchi, Giulio D’Acunto, Philaphon Sayavong, Solomon T. 
Oyakhire, Kenzie M. Sanroman Gutierrez, Juliet Risner-Jamtgaard, et al. 
第一作者单位：Department of Chemical Engineering, Stanford University, Stanford, 
CA, USA 
全文链接：https://www.nature.com/articles/s41586-025-09618-3 
Abstract：Understanding the chemical environment of pristine interfaces is a long-
sought goal in electrochemistry, materials science and surface science. A substantial 
understanding of one such interface, the solid electrolyte interphase (SEI) in lithium 
anodes, originates from X-ray photoelectron spectroscopy (XPS). However, room 
temperature (RT) combined with ultrahigh vacuum (UHV) can induce major SEI 
evolution from reactions and volatilization during XPS. Thus, a technique is necessary 
for SEI stabilization. Here we develop cryogenic (cryo)-XPS with immediate plunge 
freezing and demonstrate SEI preservation. We discover substantially different SEI 
speciation and a thicker pristine SEI with cryo-XPS, free from RT-associated thickness 
reduction and alterations to important species, including LiF and Li2O, in UHV. This 
new access to pristine SEI composition enables performance correlations across diverse 
electrolyte chemistries. Primarily, we highlight the necessity of studying sensitive 
interfaces under cryogenic conditions. 
摘要翻译：了解原始界面的化学环境是电化学、材料科学和表面科学长期追求的

目标。对锂阳极中的固体电解质界面（SEI）的实质性了解源于 X 射线光电子能

谱（XPS）分析。然而，室温（RT）结合超高真空（UHV）可诱导 XPS 过程中

反应和挥发，造成 SEI 发生显著演变。因此，亟需一种可稳定 SEI 的表征技术。

研究组开发了具有快速深度冷冻的低温（冷冻）-XPS，并演示了 SEI 的原位保

存。他们发现了 UHV 中实质上不同的 SEI 组分和更厚的原始 SEI，且没有 RT 相

关的厚度减少和重要组分（包括 LiF 和 Li2O）的改变。这种对原始 SEI 成分的最

新分析实现了不同电解质化学之间的性能关联。但最重要的是，研究组强调了在

低温条件下研究敏感界面的必要性。 
  文中插图： 

 
 


