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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 2024年 8月 Nature、Science 期刊上材

料科学领域的最新论文。



[1] Event-responsive scanning transmission electron microscopy
事件响应型扫描透射电子显微镜

出版信息：Science,2 AUG 2024, VOL 385, ISSUE 6708
作者：JONATHAN J. P. PETERS, BRYAN W. REED, YU JIMBO, KANAKO NOGUCHI,
KARIN H. MÜLLER, ALEXANDRA PORTER, ETAL.
第一作者单位：Advanced Microscopy Laboratory, CRANN, Trinity College Dublin, The
University of Dublin, Dublin, Ireland; School of Physics, Trinity College Dublin, The
University of Dublin, Dublin, Ireland; turboTEM Ltd., Dublin, Ireland.
全文链接：https://www.science.org/doi/10.1126/science.ado8579
Abstract：An ever-present limitation of transmission electron microscopy is the damage
caused by high-energy electrons interacting with any sample. By reconsidering the
fundamentals of imaging, we demonstrate an event-responsive approach to electron
microscopy that delivers more information about the sample for a given beam current.
Measuring the time to achieve an electron count threshold rather than waiting a predefined
constant time improves the information obtained per electron. The microscope was made to
respond to these events by blanking the beam, thus reducing the overall dose required. This
approach automatically apportions dose to achieve a given signal-to-noise ratio in each pixel,
eliminating excess dose that is associated with diminishing returns of information. We
demonstrate the wide applicability of our approach to beam-sensitive materials by imaging
biological tissue and zeolite.
摘要翻译：透射电子显微镜一个长期存在的限制是高能电子与任何样品相互作用所造成

的损伤。通过重新考虑成像的基本原理，研究组展示了一种电子显微镜的事件响应策略，

可为给定光束流提供有关样品的更多信息。通过测量达到电子计数阈值的时间，而非等

待预定义的常数时间，可提高每个电子获得的信息。显微镜通过遮蔽光束来响应这些事

件，从而减少所需的总剂量。该方法自动分配剂量，以在每个像素中实现给定的信噪比，

消除了与信息收益递减相关的过量剂量。通过成像生物组织和沸石，研究组证明了该策

略对光束敏感材料的广泛适用性。

文中插图：
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[2] Nuclei engineering for even halide distribution in stable perovskite/silicon tandem solar
cells
晶核工程助力稳定钙钛矿/硅串联太阳能电池中卤化物均匀分布

出版信息：Science,2 AUG 2024, VOL 385, ISSUE 6708
作者：YIHUA CHEN, NING YANG, GUANHAOJIE ZHENG, FENGTAO PEI, WENTAO
ZHOU, YU ZHANG, ETAL.
第一作者单位：School of Materials Science and Engineering, Beijing Institute of Technology
(Zhuhai), Beijing Institute of Technology, Beijing 100081, P. R. China.
全文链接：https://www.science.org/doi/10.1126/science.ado9104
国内相关链接：https://www.bit.edu.cn/xww/xzw/xsjl1/4fb1e73e3a5b4a9a8e2ce9945022315
4.htm
Abstract： Wide-bandgap (WBG) absorbers in tandem configurations suffer from poor
crystallinity and weak texture, which leads to severe mixed halide-cation ion migration and
phase segregation during practical operation. We control WBG film growth insensitive to
compositions by nucleating the 3C phase before any formation of bromine-rich aggregates
and 2H phases. The resultant WBG absorbers show improved crystallinity and strong texture
with suppressed nonradiative recombination and enhanced resistance to various aging stresses.
Perovskite/silicon tandem solar cells achieve power conversion efficiencies of 29.4% (28.8%
assessed by a third party) in a 25–square centimeter active area and 32.5% in a 1–square
centimeter active area. These solar cells retained 98.3 and 90% of the original efficiency after
1301 and 800 hours of operation at 25° and 50°C, respectively, at the maximum power
point (AM 1.5G illumination, full spectrum, 1-sun) when encapsulated.
摘要翻译：串联结构的宽带隙（WBG）吸收剂结晶度差、织构弱，在实际运行中导致

了严重的混合卤化物—阳离子迁移和相分离。研究组通过在任何富溴聚集体和 2H相形

成之前使 3C相成核，来控制对成分不敏感的WBG 膜生长。所得WBG吸收剂具有改

善的结晶度和较强的织构，抑制了非辐射复合，增强了对各种老化应力的抵抗力。钙钛

矿/硅串联太阳能电池的功率转换效率在 25 cm2 有效面积内为 29.4%（第三方评估为

28.8%），在 1 cm2有效面积内为 32.5%。这些太阳能电池在封装后，在 25℃最大功率

点（AM 1.5G照明，全光谱，1太阳）下运行 1301小时后，保持了 98.3%的初始效率；

而在 50℃最大功率点下运行 800小时后，亦保持了 90%的初始效率。

文中插图：



[3] Additive manufacturing of highly entangled polymer networks
高度缠结聚合物网络的增材制造

出版信息：Science,2 AUG 2024, VOL 385, ISSUE 6708
作者：ABHISHEK P. DHAND, MATTHEW D. DAVIDSON, HANNAH M. ZLOTNICK,
THOMAS J. KOLIBABA, JASON P. KILLGORE AND JASONA. BURDICK
第一作者单位：Department of Bioengineering, University of Pennsylvania, Philadelphia, PA
19104, USA.
全文链接：https://www.science.org/doi/10.1126/science.adn6925
Abstract ： Incorporation of polymer chain entanglements within a single network can
synergistically improve stiffness and toughness, yet attaining such dense entanglements
through vat photopolymerization additive manufacturing [e.g., digital light processing (DLP)]
remains elusive. We report a facile strategy that combines light and dark polymerization to
allow constituent polymer chains to densely entangle as they form within printed structures.
This generalizable approach reaches high monomer conversion at room temperature without
the need for additional stimuli, such as light or heat after printing, and enables additive
manufacturing of highly entangled hydrogels and elastomers that exhibit fourfold- to
sevenfold-higher extension energies in comparison to that of traditional DLP. We used this
method to print high-resolution and multimaterial structures with features such as spatially
programmed adhesion to wet tissues.
摘要翻译：在单个网络中掺入聚合物链缠结可协同提高刚度和韧性，但通过诸如数字光

处理（DLP）的光聚合固化增材制造来实现如此密集的缠结仍难以实现。研究组报道了

一种结合了光聚合和暗聚合的简单策略，使组成聚合物链在印刷结构中形成时能够紧密

缠绕。这种可推广的方法在室温下实现了高单体转化率，而不需要额外刺激（如打印后

的光或热），并且可实现高度缠结的水凝胶和弹性体的增材制造，其延伸能量比传统

DLP高出 4到 7倍。研究组使用这种方法打印了具有空间编程粘附湿组织特征的高分辨

率和多材料结构。

文中插图：



[4] Recyclable surgical, consumer, and industrial adhesives of poly(α-lipoic acid)
外科、消费和工业用可回收聚α-硫辛酸胶粘剂

出版信息：Science, 23 AUG 2024, VOL 385, ISSUE 6711
作 者 ： SUBHAJIT PAL, JISOO SHIN, KELSEY DEFRATES, MUSTAFA ARSLAN,
KATELYN DALE, HANNAH CHEN, ETAL.
第一作者单位：Department of Bioengineering, University of California, Berkeley, CA 94720,
USA.
全文链接：https://www.science.org/doi/10.1126/science.ado6292
Abstract： Polymer adhesives play an important role in many medical, consumer, and
industrial products. Polymers of α-lipoic acid (αLA) have the potential to fulfill the need
for versatile and environmentally friendly adhesives, but their performance is plagued by
spontaneous depolymerization. We report a family of stabilized αLA polymer adhesives that
can be tailored for a variety of medical or nonmedical uses and sustainably sourced and
recycled in a closed-loop manner. Minor changes in monomer composition afforded a
pressure-sensitive adhesive that functions well in dry and wet conditions, as well as a
structural adhesive with strength equivalent to that of conventional epoxies. αLA surgical
superglue successfully sealed murine amniotic sac ruptures, increasing fetal survival from 0 to
100%.
摘要翻译：聚合物粘合剂在许多医疗、消费和工业产品中发挥着重要作用。α-硫辛酸

（αLA）聚合物具有满足多用途和环境友好型粘合剂需求的潜力，但其性能受限于自

发解聚。研究组报道了一系列稳定的αLA聚合物粘合剂，可针对各种医疗或非医疗用

途量身定制，并以闭环方式可持续获取和回收。单体组成的微小变化提供了在干燥和潮

湿条件下功能良好的压敏粘合剂，以及与传统环氧树脂强度相当的结构粘合剂。αLA
外科强力胶成功封闭小鼠羊膜囊破裂，使鼠胎存活率从 0提高到 100%。

文中插图：



[5]Manufacture and testing of biomass-derivable thermosets for wind blade recycling
生物质衍生热固性材料的制造和测试助力风力叶片回收

出版信息：Science, 23 AUG 2024, VOL 385, ISSUE 6711
作者：RYAN W. CLARKE, ERIK G. ROGNERUD, ALLEN PUENTE-URBINA, DAVID
BARNES, PAULMURDY, MICHAEL L. MCGRAW, ETAL.
第一作者单位：Renewable Resources and Enabling Sciences Center, National Renewable
Energy Laboratory, Golden, CO 80401, USA;BOTTLE Consortium, Golden,CO 80401, USA.
全文链接：https://www.science.org/doi/10.1126/science.adp5395
Abstract：Wind energy is helping to decarbonize the electrical grid, but wind blades are not
recyclable, and current end-of-life management strategies are not sustainable. To address the
material recyclability challenges in sustainable energy infrastructure, we introduce scalable
biomass-derivable polyester covalent adaptable networks and corresponding fiber-reinforced
composites for recyclable wind blade fabrication. Through experimental and computational
studies, including vacuum-assisted resin-transfer molding of a 9-meter wind blade prototype,
we demonstrate drop-in technological readiness of this material with existing manufacture
techniques, superior properties relative to incumbent materials, and practical end-of-life
chemical recyclability. Most notable is the counterintuitive creep suppression, outperforming
industry state-of-the-art thermosets despite the dynamic cross-link topology. Overall, this
report details the many facets of wind blade manufacture, encompassing chemistry,
engineering, safety, mechanical analyses, weathering, and chemical recyclability, enabling a
realistic path toward biomass-derivable, recyclable wind blades.
摘要翻译：风能有助于电网脱碳，但风力叶片不可回收，目前的报废管理策略不可持续。

为了解决可持续能源基础设施中材料可回收性的挑战，研究组引入了可扩展的生物质衍

生聚酯共价适应性网络和相应的纤维增强复合材料，用于可回收风力叶片制造。通过实

验和计算研究（包括 9米风力叶片原型的真空辅助树脂转移模塑），研究组证明了这种

材料与现有制造技术的良好兼容性，相对于现有材料的优越性能，以及实用的报废化学

品可回收性。最值得注意的是尽管采用了动态交联拓扑结构，但反直觉的蠕变抑制仍优

于行业最先进的热固性材料。总体而言，该研究详细介绍了风力叶片制造的诸多方面，

包括化学、工程、安全、机械分析、风化和化学可回收性，使生物质衍生、可回收的风

力叶片成为现实。

文中插图：



[1]Water- and heat-activated dynamic passivation for perovskite photovoltaics
钙钛矿光伏电池的水活化和热活化动态钝化

出版信息：Nature,8 August 2024, Volume 632 Issue 8024
作者：Wei-Ting Wang, Philippe Holzhey et al.
第一作者单位：Department of Systems Engineering, City University of Hong Kong,
Kowloon, Hong Kong
全文链接：https://www.nature.com/articles/s41586-024-07705-5
国内相关报道：https://www.cityu.edu.hk/hkice/
Abstract：Here we report a living passivation strategy using a hindered urea/thiocarbamate
bond Lewis acid–base material (HUBLA), where dynamic covalent bonds with water and
heat-activated characteristics can dynamically heal the perovskite to ensure device
performance and stability. Upon exposure to moisture or heat, HUBLA generates new agents
and further passivates defects in the perovskite. This passivation strategy achieved
high-performance devices with a power conversion efficiency (PCE) of 25.1 per cent.
HUBLA devices retained 94 per cent of their initial PCE for approximately 1,500 hours of
ageing at 85 degrees Celsius in nitrogen and maintained 88 per cent of their initial PCE after
1,000 hours of ageing at 85 degrees Celsius and 30 per cent relative humidity in air.
摘要翻译：在此，我们报告了一种使用阻碍脲/硫代氨基甲酸酯键 Lewis 酸碱材料

（HUBLA）的活性钝化策略，其中具有水和热活化特性的动态共价键可以动态修复钙

钛矿，以确保设备的性能和稳定性。暴露于湿气或高温下，HUBLA会产生新的试剂，

并进一步钝化钙钛矿中的缺陷。这种钝化策略实现了功率转换效率（PCE）为 25.1%的

高性能器件。HUBLA设备在 85摄氏度的氮气中老化约 1500小时后，其初始 PCE保持

在 94%，在 85摄氏度和 30%相对湿度的空气中老化 1000小时后，其初始 PCE保持在

88%。

文中插图：
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[2]peri-Fused polyaromatic molecular contacts for perovskite solar cells
钙钛矿太阳能电池的聚芳族分子接触

出版信息：Nature,8 August 2024, Volume 632 Issue 8024
作者：Ke Zhao, Qingqing Liu et al.
第一作者单位：State Key Laboratory of Silicon and Advanced Semiconductor Materials and
School of Materials Science and Engineering, Zhejiang University, Hangzhou, China;School
of Engineering, Westlake University and Institute of Advanced Technology, Westlake Institute
for Advanced Study, Hangzhou, China
全文链接：https://www.nature.com/articles/s41586-024-07712-6
国内相关报道：http://www.news.zju.edu.cn/2024/0725/c24345a2949307/page.htm
Abstract： Here we report a peri-fused polyaromatic core structure without heteroatom
substitution that yields superior carrier transport and selectivity over conventional
heteroatom-substituted core structures. This core structure produced a relatively chemically
inert and structurally rigid molecular contact, which considerably improved the performance
of perovskite solar cells in terms of both efficiency and durability. The champion device
showed an efficiency up to 26.1% with greatly improved longevity under different
accelerated-ageing tests.
摘要翻译：在此，我们报告了一种没有杂原子取代的环绕稠合多环芳烃核心结构，它比

传统的杂原子取代核心结构具有更好的载流子传输和选择性。这种核心结构产生了相对

化学惰性和结构刚性的分子接触，可以大大提高钙钛矿太阳能电池在效率和耐用性方面

的性能。在不同的加速老化测试中，装置的效率高达 26.1%，大大提高了使用寿命。

文中插图：



[3]Multi-heterojunctioned plastics with high thermoelectric figure of merit
具有高热电品质因数的多异质结塑料

出版信息：Nature,15 August 2024, Volume 632, Issue 8025
作者：Dongyang Wang, Jiamin Ding, Yingqiao Ma, Chunlin Xu, Zhiyi Li, Xiao Zhang, et al.
第一作者单位：Beijing National Laboratory for Molecular Sciences, CAS Key Laboratory of
Organic Solids, Institute of Chemistry, Chinese Academy of Sciences, Beijing, China; School
of Chemical Sciences, University of Chinese Academy of Sciences, Beijing, China.
全文链接：https://www.nature.com/articles/s41586-024-07724-2
国内相关报道：https://tmslab.cn/info/1023/4921.htm
Abstract：Conjugated polymers promise inherently flexible and low-cost thermoelectrics for
powering the Internet of Things from waste heat. Their valuable applications, however, have
been hitherto hindered by the low dimensionless figure of merit (ZT). Here we report high-ZT
thermoelectric plastics, which were achieved by creating a polymeric multi-heterojunction
with periodic dual-heterojunction features, where each period is composed of two polymers
with a sub-ten-nanometre layered heterojunction structure and an interpenetrating
bulk-heterojunction interface. This geometry produces significantly enhanced interfacial
phonon-like scattering while maintaining efficient charge transport. We observed a significant
suppression of thermal conductivity by over 60 per cent and an enhanced power factor when
compared with individual polymers, resulting in a ZT of up to 1.28 at 368   kelvin. This
polymeric thermoelectric performance surpasses that of commercial thermoelectric materials
and existing flexible thermoelectric candidates. Importantly, we demonstrated the
compatibility of the polymeric multi-heterojunction structure with solution coating techniques
for satisfying the demand for large-area plastic thermoelectrics, which paves the way for
polymeric multi-heterojunctions towards cost-effective wearable thermoelectric technologies.
摘要翻译：共轭聚合物有望成为灵活、低成本的热电材料，利用废热为物联网供电。然

而，迄今为止，其有价值的应用一直受到热电优值（ZT）低的瓶颈。研究组报道了高

ZT热电塑料，通过创建具有周期性双异质结特征的聚合物多异质结来实现，其中每个

周期由两种具有低于 10纳米层状异质结结构和互穿体异质结界面的聚合物组成。这种

几何结构显著增强了界面类声子散射，同时保持了有效的电荷输运。研究组观察到，与

单个聚合物相比，该塑料的导热系数显著降低了 60%以上，功率因数提高，导致 ZT在

368 K时高达 1.28。这种聚合物的热电性能超越了商用热电材料和现有的柔性热电候选

材料。重要的是，研究组证明了聚合物多异质结结构与溶液涂层技术的兼容性，以满足

大面积塑料热电材料的需求，可助力聚合物多异质结向成本效益高的可穿戴热电技术的

发展。

文中插图：



[4]Buried interface molecular hybrid for inverted perovskite solar cells
倒置钙钛矿太阳能电池的埋底界面分子杂化

出版信息：Nature,15 August 2024, Volume 632, Issue 8025
作者：Sanwan Liu, Jingbai Li, Wenshan Xiao, Rui Chen, Zhenxing Sun, Yong Zhang, et al.
第一作者单位：Wuhan National Laboratory for Optoelectronics (WNLO), Huazhong
University of Science and Technology (HUST), Wuhan, China; Optics Valley Laboratory,
Wuhan, China.
全文链接：https://www.nature.com/articles/s41586-024-07723-3
国内相关报道：http://wnlo.hust.edu.cn/info/1701/12527.htm
Abstract：Perovskite solar cells with an inverted architecture provide a key pathway for
commercializing this emerging photovoltaic technology because of the better power
conversion efficiency and operational stability compared with the normal device structure.
Specifically, power conversion efficiencies of the inverted perovskite solar cells have
exceeded 25% owing to the development of improved self-assembled molecules and
passivation strategies. However, poor wettability and agglomeration of self-assembled
molecules cause interfacial losses, impeding further improvement in the power conversion
efficiency and stability. Here we report a molecular hybrid at the buried interface in inverted
perovskite solar cells that co-assembled the popular self-assembled molecule
[4-(3,6-dimethyl-9H-carbazol-9-yl)butyl]phosphonic acid (Me-4PACz) with the multiple
aromatic carboxylic acid 4,4’,4”-nitrilotribenzoic acid (NA) to improve the heterojunction
interface. The molecular hybrid of Me-4PACz with NA could substantially improve the
interfacial characteristics. The resulting inverted perovskite solar cells demonstrated a record
certified steady-state efficiency of 26.54%. Crucially, this strategy aligns seamlessly with
large-scale manufacturing, achieving one of the highest certified power conversion
efficiencies for inverted mini-modules at 22.74% (aperture area 11.1  cm2). Our device also
maintained 96.1% of its initial power conversion efficiency after more than 2,400 h of 1-sun
operation in ambient air.
摘要翻译：与传统器件结构相比，倒置结构的钙钛矿太阳能电池具有更好的功率转换效

率和运行稳定性，为这一新兴光伏技术的商业化提供了关键路径。具体而言，由于改进

的自组装分子和钝化策略的发展，倒置钙钛矿太阳能电池的功率转换效率超过了 25%。

然而，自组装分子的润湿性差和易聚集会导致界面损失，阻碍了功率转换效率和稳定性

的进一步提高。研究组报道了倒置钙钛矿太阳能电池中埋底界面处的分子杂化，可将流

行的自组装分子[4-(3,6-二甲基-9H-咔唑-9-基)丁基]膦酸（Me-4PACz）与多重芳羧酸

4,4’,4”--三甲酸三苯胺（NA）共组装以改善异质结界面。Me-4PACz与 NA的分子杂化

可显著改善其界面特性。由此制备的倒置钙钛矿太阳能电池达到了 26.54%的记录认证

稳态效率。至关重要的是，该策略可与大规模制备无缝衔接，实现了高达 22.74%的倒

置微型模块最高认证功率转换效率之一（孔径面积为 11.1 cm2）。该设备在环境空气中

1太阳光强运行超过 2400小时后，仍保持 96.1%的初始功率转换效率。

文中插图：




