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前沿经典 学科热点

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 6月 Nature、Science 期刊上材

料科学领域的最新论文。



[1] Passive cooling paint enabled by rational design of thermal-optical and mass
transfer properties

通过合理设计热光学和传质特性实现被动冷却涂料

出版信息：Science, 5 JUN 2025, VOL 388, ISSUE 6751
作者：JIPENG FEI, XUAN ZHANG, DI HAN, YUE LEI, FEI XIE, KAI ZHOU, ET
AL.
第一作者单位：School of Mechanical and Aerospace Engineering, Nanyang Technological
University, Singapore.
全文链接：https://www.science.org/doi/10.1126/science.adt3372
Abstract:Integrating radiative and evaporative cooling shows promise for enhancing
passive cooling, but durable self-curing integrated cooling paints remain
underdeveloped. We designed a modified cementitious structure with advanced
thermal-optical and mass transfer properties, boosting cooling power while ensuring
durability, mechanical strength, and broad adhesion. The paint achieves 88 to 92%
solar reflectance (depending on wetting), 95% atmospheric window emittance, ~30%
water retention, and self-replenishing properties, maintaining stable optical
performance even when wet. Field tests in tropical Singapore demonstrated superior
cooling performance compared with commercial white paints. Pilot-scale
demonstrations highlighted consistent electricity savings under varying weather
conditions, supported by theoretical modeling. By leveraging sustainable water
evaporation and thermal radiation, this paint offers a practical and long-term solution
for mitigating the urban heat island effect.
摘要翻译：集成辐射和蒸发冷却显示了增强被动冷却的前景，但耐用的自固化集

成冷却涂料仍未充分开发。研究组设计了一种具有先进的热光学和传质性能的改

良胶凝结构，在确保耐用性、机械强度和广泛粘附性的同时提高了冷却能力。该

涂料实现了 88~92%的太阳反射率（取决于湿度）、95%的大气窗口发射率、约

30%的保水性和自补充性能，即使在潮湿情况下也能保持稳定的光学性能。在热

带新加坡地区进行的现场测试表明，与商用白色涂料相比，该涂料具有优越的冷

却性能。试点规模的示范突出了在不同天气条件下持续的电力节约，这一点得到

了理论模型的支持。通过利用可持续的水蒸发和热辐射，这种涂料为缓解城市热

岛效应提供了一个实用且长期的解决方案。

文中插图：
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[2] Tellurium nanowire retinal nanoprosthesis improves vision in models of
blindness

碲纳米线视网膜纳米假体改善了失明动物的视力

出版信息：Science, 5 JUN 2025, VOL 388, ISSUE 6751
作 者 ： SHUIYUAN WANG, CHENGYONG JIANG, YIYE YU, ZHENHAN
ZHANG, RUGE QUHE, RUYI YANG, ET AL.
第一作者单位：State Key Laboratory of Integrated Chips and Systems (SKLICS),
College of Integrated Circuits and Micro-Nano Electronics, School of
Microelectronics, State Key Laboratory of Brain Function and Disorders, MOE
Frontiers Center for Brain Science, Institutes of Brain Science, Department of
Ophthalmology and Vision Science, Eye and ENT Hospital, Fudan University,
Shanghai, China.
Shaoxin Laboratory, Shaoxing, Zhejiang, China.
全文链接：https://www.science.org/doi/10.1126/science.adu2987
国内报道：https://news.fudan.edu.cn/2025/0606/c1268a145706/page.htm
Abstract： Present vision restoration technologies have substantial constraints that
limit their application in the clinical setting. In this work, we fabricated a subretinal
nanoprosthesis using tellurium nanowire networks (TeNWNs) that converts light of
both the visible and near-infrared–II spectra into electrical signals. The
broad-spectrum coverage is made possible by a combination of narrow bandgaps,
strong absorption, and engineered asymmetries. Implanted into blind mice, the
TeNWNs restored pupillary reflexes and enabled visually cued learning under visible
and near-infrared 1550-nanometer light. In nonhuman primates, TeNWNs elicited
robust retina-derived neural responses, confirming biocompatibility and feasibility.
By restoring lost photosensitivity and extending vision to near-infrared, this
nanoprosthesis offers a promising approach for restoring vision.
摘要翻译：目前的视力恢复技术有很大的局限性，限制了其在临床环境中的应用。

研究组利用碲纳米线网络（TeNWNs）制造了一种视网膜下纳米假体，将可见光

和近红外-II 光谱转换为电信号。通过结合窄带隙、强吸收和工程不对称实现了

广谱覆盖。将 TeNWNs植入失明小鼠后，瞳孔反射恢复，并在 1550 nm可见光

和近红外光下实现了视觉提示学习。在非人灵长类动物中，TeNWNs引发了强大

的视网膜源性神经反应，证实了生物相容性和可行性。通过恢复失去的光敏性和

将视力扩展到近红外，这种纳米假体为恢复视力提供了一种颇有前景的方法。

文中插图：





[3] Vapor-assisted surface reconstruction enables outdoor-stable perovskite
solar modules

气相辅助表面重构技术实现可在户外稳定工作的钙钛矿太阳能组件

出版信息：Science, 12 June 2025, Volume 388, Issue 6752
作者：Xiangnan Sun, Wenda Shi et al.
第一作者单位：Institute for Frontier Science, State Key Laboratory of Mechanics and
Control of Mechanical Structures, Key Laboratory for Intelligent Nano Materials and
Devices of the Ministry of Education, Nanjing University of Aeronautics and
Astronautics, Nanjing, China.
全文链接：https://www.science.org/doi/10.1126/science.adv4280
国内报道: https://ifs.nuaa.edu.cn/2025/0530/c16168a376799/page.htm
Abstract：Natural illumination variations in light-dark cycles induce irreversible ion
migration in perovskite solar cells, posing substantial challenges to their long-term
outdoor operational stability. We addressed this issue by isolating defective octahedra
at the perovskite surface using a vapor-deposited polydentate ligand. Surface
octahedra isolation suppresses ion migration into the charge transport layer and
reduces surface ionic defects, modulating the kinetics of ion migration during
light-dark cycles. Our 785-square-centimeter industrial-scale perovskite solar modules
achieved a power conversion efficiency (PCE) of 19.6%. Our modules demonstrated
enhanced diurnal stability, retaining more than 97% of their initial PCE even after 101
light-dark cycles at 50°C. Our perovskite modules maintained stable power output
during 45 days of outdoor operation under severe summer conditions, exhibiting
stability comparable with that of the reference silicon cell.
摘要翻译：自然光暗循环中的光照强度变化会引发钙钛矿太阳能电池不可逆的离

子迁移，严重制约其户外长期运行稳定性。通过采用气相沉积多齿配体隔离钙钛

矿表面缺陷八面体，我们成功解决这一难题。表面八面体隔离技术可有效抑制离

子向电荷传输层的迁移，减少表面离子缺陷，从而调控光暗循环中的离子迁移动

力学。基于该技术制备的 785平方厘米工业级钙钛矿光伏组件，实现了 19.6%的

功率转换效率（PCE）。在 50℃条件下经历 101次光暗循环后，组件仍能保持

97%以上的初始效率，展现出优异的日间稳定性。在夏季严苛户外环境中连续运

行 45天后，该钙钛矿组件的功率输出稳定性已达到硅电池水平。

文中插图：

https://www.science.org/doi/10.1126/science.adv4280




[4] Gradient refractive indices enable squid structural color and inspire
multispectral materials

梯度折射率使鱿鱼具有结构色，并激发了多光谱材料的灵感

出版信息：Science, 26 JUN 2025, VOL 388, ISSUE 6754
作者：GEORGII BOGDANOV, ALEKSANDRA ANNA STRZELECKA, NIKHIL
KAIMAL, STEPHEN L. SENFT, SANGHOON LEE, ROGER T. HANLON, ET AL.
第一作者单位：Department of Chemical and Biomolecular Engineering, University
of California, Irvine, Irvine, CA, USA.
Department of Chemical and Biomolecular Engineering, University of California,
Irvine, Irvine, CA, USA.
全文链接：https://www.science.org/doi/10.1126/science.adn1570
Abstract：he manipulation of light by means of materials with varying refractive
index distributions is widespread among natural systems and modern technologies.
However, understanding how animals leverage refractive index differences for
dynamic color changes and then translating such insight into tunable optical devices
remains challenging. We experimentally and computationally demonstrated that
iridescent cells (iridophores) containing Bragg reflectors with sinusoidal-wave (rugate)
refractive index profiles enable squid dorsal mantle tissues to reversibly transition
between nearly transparent and vibrantly colored states. We then drew inspiration
from these findings for the design and development of iridophore-inspired
multispectral composite materials with tunable visible and infrared functionalities.
Our study provides insight into squid dynamic structural coloration mechanisms and
furnishes a technology for camouflage, heat management, display, and sensing
applications.
摘要翻译：利用具有不同折射率分布的材料来操纵光在自然系统和现代技术中很

普遍。然而，理解动物如何利用折射率差异实现动态变色，并将其转化为可调光

学设备仍颇具挑战性。研究组通过实验和计算证明，含有正弦波折射率分布的布

拉格反射体的虹彩细胞使鱿鱼背侧套膜组织能够在接近透明和彩色状态之间可

逆转换。然后，他们从这些发现中汲取灵感，设计和开发了具有可调可见光和红

外功能的虹彩细胞启发的多光谱复合材料。该研究为鱿鱼的动态结构调色机制提

供了新见解，并为伪装、热管理、显示和传感应用等提供了一种技术。

文中插图：





[5] Accelerated discovery of stable, extra-large-pore nano zeolites with
micro-electron diffraction

利用微电子衍射加速发现稳定的超大孔纳米沸石

出版信息：Science, 26 JUN 2025, VOL 388, ISSUE 6754
作者：CHAO MA, ZHENGHAN ZHANG, MENGDI ZHANG, XUDONG TIAN,
CONG LIN, LEI HAN, ET AL.
第 一 作 者 单 位 ： State Key Laboratory of Coordination Chemistry, School of
Chemistry and Chemical Engineering, Nanjing University, Nanjing, China.
全文链接：https://www.science.org/doi/10.1126/science.adv5073
国内报道：https://sklcc.nju.edu.cn/kxyj/xsdt/20250630/i324973.html
Abstract：Stable zeolites with extra-large pores and nano dimensions that are capable
of processing large molecules are in high demand but have been difficult to produce.
Their complex structures and nanoscale crystal sizes present challenges for analysis
using conventional x-ray diffraction techniques, leading to inefficiencies in material
development. We report NJU120-1 and NJU120-2, two robust and fully connected
aluminosilicate nano zeolites featuring interconnected channel systems with
extra-large 22-ring pores. NJU120-1 is a nanosheet with only about 8-nanometer
thickness, corresponding to 1.5 unit cells, and NJU120-2 is a nanorod with 50 by 250
nanometer dimensions. Their synthesis optimization was greatly accelerated through
rapid structure determination with MicroED, revealing their multidimensional pore
structures. Their very large largest-free-sphere diameters of approximately 1.2
nanometers coupled with nano morphologies enabled catalytic cracking of large
molecules.
摘要翻译：具有超大孔隙和纳米尺寸的稳定沸石能够处理大分子，需求量很大，

但很难生产。其复杂的结构和纳米级晶体尺寸为传统 X射线衍射结构分析带来

了挑战，导致材料开发效率低下。研究组报道了两种稳健、全连接的硅酸铝纳米

沸石 NJU120-1 和 NJU120-2，具有超大 22 元环孔的互联通道系统。NJU120-1
是一种厚度仅为 8 纳米左右的纳米片，相当于 1.5 个晶胞，NJU120-2是一种尺

寸为 50’250纳米的纳米棒。通过MicroED的快速结构测定，大大加快了两者的

合成优化，并揭示了其多维孔隙结构。这两种沸石的最大自由球直径约为 1.2纳
米，再加上纳米形态，实现了大分子的催化裂解。

文中插图：





[1] Vertically stacked monolithic perovskite colour photodetectors
垂直堆叠的单片钙钛矿彩色光电探测器

出版信息：Nature, 19 June 2025, Volume 642, Issue 8068
作者： Sergey Tsarev, Daria Proniakova, Xuqi Liu, Erfu Wu, Gebhard J. Matt,
Kostiantyn Sakhatskyi, et al.
第一作者单位：Laboratory of Inorganic Chemistry, Department of Chemistry and
Applied Biosciences, ETH Zürich, Zurich, Switzerland
Laboratory for Thin Films and Photovoltaics, Empa – Swiss Federal Laboratories for
Materials Science and Technology, Dubendorf, Switzerland
全文链接：https://www.nature.com/articles/s41586-025-09062-3
Abstract ： Modern colour image sensors face challenges in further improving
sensitivity and image quality because of inherent limitations in light utilization
efficiency. A major factor contributing to these limitations is the use of passive optical
filters, which absorb and dissipate a substantial amount of light, thereby reducing the
efficiency of light capture. On the contrary, active optical filtering in Foveon-type
vertically stacked architectures still struggles to deliver optimal performance owing to
their lack of colour selectivity, making them inefficient for precise colour imaging.
Here we introduce an innovative architecture for colour sensor arrays that uses
multilayer monolithically stacked lead halide perovskite thin-film photodetectors.
Perovskite bandgap tunability is utilized to selectively absorb the visible light
spectrum’s red, green and blue regions, eliminating the need for colour filters.
External quantum efficiencies of 50%, 47% and 53% are demonstrated for the red,
green and blue channels, respectively, as well as a colour accuracy of 3.8% in
ΔELab outperforming the state-of-the-art colour-filter array and Foveon-type
photosensors. The image sensor design improves light utilization in colour sensors
and paves the way for the next generation of highly sensitive, artefact-free images
with enhanced colour fidelity.
摘要翻译：由于光利用效率的固有局限性，现代彩色图像传感器在进一步提高灵

敏度和图像质量方面颇具挑战。造成这些局限性的一个主要因素是使用被动式滤

光片。它吸收和消散大量的入射光，从而降低了光捕获效率。相反，由于缺乏颜

色选择性，Foveon 型垂直堆叠架构中的主动滤光技术仍难以提供最佳性能，使

其在精准彩色成像方面效率低下。研究人员介绍了一种颜色传感器阵列的创新架

构，使用多层单片堆叠卤化铅钙钛矿薄膜光电探测器。钙钛矿带隙可调性用于选

择性地吸收可见光光谱的红、绿和蓝波段，从而消除了对滤光片的需求。红、绿

和蓝通道的外部量子效率分别达到 50%、47%和 53%，在ΔELab中颜色精度为 3.8%，

优于目前最先进的滤色阵列和 Foveon 型光传感器。该图像传感器设计提高了色

彩传感器的光利用率，为新一代高灵敏度、高色彩保真度、无伪影成像奠定了基

础。

文中插图：





[2] Light-triggered regionally controlled n-doping of organic semiconductors
有机半导体的光触发区域可控 n型掺杂

出版信息：Nature, 19 June 2025, Volume 642, Issue 8068
作者：Xin-Yi Wang, Yi-Fan Ding, Xiao-Yan Zhang, Yang-Yang Zhou, Chen-Kai Pan,
Yuan-He Li, et al.
第一作者单位：Beijing National Laboratory for Molecular Sciences (BNLMS), Key
Laboratory of Polymer Chemistry and Physics of Ministry of Education, Center of
Soft Matter Science and Engineering, College of Chemistry and Molecular
Engineering, Peking University, Beijing, People’s Republic of China
全文链接：https://www.nature.com/articles/s41586-025-09075-y
国内报道：https://news.pku.edu.cn/jxky/181e1b4c865b487d83849584564b84c7.htm
Abstract： Doping is a primary method to modulate the electrical properties of
semiconductors, enabling the fabrication of various homojunctions/heterojunctions
and complex devices. For organic semiconductors (OSCs), the electrical performance
has been extensively improved by developing doping methods and dopants. However,
compared with the state-of-the-art spatial resolution of inorganic semiconductor
fabrication processes, OSCs lag far behind, limiting the construction of complex
organic electronic devices. Here we present a facile light-triggered doping strategy
and develop a series of inactive photoactivable dopants (iPADs) for regionally
controlled n-doping of OSCs. By converting iPADs into active dopants through
ultraviolet (UV) exposure, controllable doping of various n-type OSCs with high
electrical conductivity greater than 30 S cm−1 has been realized. Using iPADs can
substantially improve the performances of OSCs in transistors, logic circuits and
thermoelectrics. Also, regionally controlled doping is demonstrated in OSCs with a
record resolution down to 1 μm. Overall, our strategy has achieved tunable doping
levels in OSCs with high spatial resolution, which is expected to be highly suited for
integrated circuits in both roll-to-roll and laboratory-scale environments.
摘要翻译：掺杂是调制半导体电性能的主要方法，可以制造各种同质结/异质结

和复杂器件。对于有机半导体（OSCs），通过开发掺杂方法和掺杂剂，其电性

能得到了广泛的改善。然而，与最先进的无机半导体制造工艺的空间分辨率相比，

OSC远远落后，这限制了复杂有机电子器件的构建。研究人员提出了一种简单

的光触发掺杂策略，并开发了一系列非活性的光激活掺杂剂（iPAD），用于 OSC
的区域可控 n 型掺杂。通过紫外线（UV）照射将 iPAD转化为活性掺杂剂，实

现了对各种 n型 OSC的可控掺杂，电导率高达 30 S cm-1。使用 iPAD可显著提升

OSC在晶体管、逻辑电路和热电器件中的性能。此外，在 OSC中也实现了记录

分辨率低至 1 μm的区域可控掺杂。总而言之，该策略在 OSC中实现了可调的掺

杂水平，具有高空间分辨率，将助力卷对卷和实验室规模环境中的集成电路制造。

文中插图：





[3] Brain implantation of soft bioelectronics via embryonic development
通过胚胎发育在大脑中植入软性生物电子器件

出版信息：Nature, 26 June 2025, Volume 642 Issue 8069
作者：Hao Sheng, Ren Liu et al.
第一作者单位： John A. Paulson School of Engineering and Applied Sciences,
Harvard University, Boston, MA, USA
全文链接：https://www.nature.com/articles/s41586-025-09106-8
Abstract ： Here we introduce a tissue-level-soft, submicrometre-thick mesh
microelectrode array that integrates into the embryonic neural plate by leveraging the
tissue’s natural two-dimensional-to-three-dimensional reconfiguration. As
organogenesis progresses, the mesh deforms, stretches and distributes throughout the
brain, seamlessly integrating with neural tissue. Immunostaining, gene expression
analysis and behavioural testing confirm no adverse effects on brain development or
function. This embedded electrode array enables long-term, stable mapping of how
single-neuron activity and population dynamics emerge and evolve during brain
development. In axolotl models, it not only records neural electrical activity during
regeneration but also modulates the process through electrical stimulation.
摘要翻译：在此，我们介绍一种超柔性、亚微米厚度的网状微电极阵列，该阵列

通过利用胚胎神经板的天然二维到三维重构特性实现整合。随着器官自然发育，

网状电极发生变形、拉伸并分布至整个大脑，与神经组织无缝整合。免疫染色、

基因表达分析和行为测试证实其对大脑发育或功能无不良影响。这种嵌入式电极

阵列能够长期稳定地绘制大脑发育过程中单神经元活动和群体动态的出现与演

变。在蝾螈模型中，它不仅能记录再生过程中的神经电活动，还能通过电刺激调

控这一过程。该策略产生了明亮高效的纯红色 PeLED，具有 24600 cd m−2的高亮

度，24.2%的峰值外量子效率，以及极低的效率骤降，在 22670 cd m−2的高亮度

下仍保持 10.5%的外量子效率。

文中插图：




