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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 2023 年 8 月 Nature、Science 期刊上材

料科学领域的最新论文。 

 

 



 

 

 

 

[1] Pneumatic Cells Toward Absolute Gaussian Morphing 

气动单元助力绝对高斯变形 

出版信息：Science, 25 AUG 2023, VOL 381, ISSUE 6660 

作者：Tian Gao, José Bico & Benoît Roman 

第一作者单位：Laboratoire de Physique et Mécanique des Milieux Hétérogènes (PMMH), 

CNRS, ESPCI Paris, Université PSL, Sorbonne Université, Université Paris Cité, 75005 Paris, 

France. 

全文链接：https://www.science.org/doi/full/10.1126/science.adi2997  

Abstract：On a flat map of the Earth, continents are inevitably distorted. Reciprocally, curving 

a plate simultaneously in two directions requires a modification of in-plane distances, as Gauss 

stated in his seminal theorem. Although emerging architectured materials with programmed in-

plane distortions are capable of such shape morphing, an additional control of local bending is 

required to precisely set the final shape of the resulting three-dimensional surface. Inspired by 

bulliform cells in leaves of monocotyledon plants, we show how the internal structure of flat 

panels can be designed to program bending and in-plane distortions simultaneously when 

pressurized, leading to a targeted shell shape. These surfaces with controlled stiffness and fast 

actuation are manufactured using consumer-grade materials and open a route to large-scale 

shape-morphing robotics applications. 

摘要翻译：在地球平面地图上，大陆不可避免地会发生扭曲。反过来，正如高斯在其开

创性定理中所述，在两个方向上同时弯曲一块板需要修改面内距离。虽然具有程序化面

内变形的新兴建筑材料能够实现这种形状改变，但需要对局部弯曲进行额外控制，以精

确调控所生成三维表面的最终形状。受单子叶植物叶片中泡状细胞的启发，研究组展示

了如何设计平板的内部结构，以在加压时同时编程弯曲和面内扭曲，从而形成目标外壳

形状。这些具有可控刚度和快速驱动的表面使用消费级材料制造，为大规模变形机器人

应用开辟了道路。 

文中插图： 
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 [2] Intrinsically Elastic Polymer Ferroelectric by Precise Slight Cross-Linking 

通过精确微交联实现本征弹性铁电聚合物 

出版信息：Science, 4 AUG 2023, VOL 381, ISSUE 6657 

作者：Liang Gao, Ben-Lin Hu, Linping Wang, Jinwei Cao, Ri He, Fengyuan Zhang, et al. 

第一作者单位：CAS Key Laboratory of Magnetic Materials and Devices, and Zhejiang 

Province Key Laboratory of Magnetic Materials and Application Technology, Ningbo Institute 

of Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201, 

China; Nano Science and Technology Institute, University of Science and Technology of China, 

Suzhou 215123, China. 

全文链接：https://www.science.org/doi/full/10.1126/science.adh2509  

国内相关报道：https://www.nimte.ac.cn/news/progress/202307/t20230719_6812595.html   

Abstract：Ferroelectrics are an integral component of the modern world and are of importance 

in electrics, electronics, and biomedicine. However, their usage in emerging wearable 

electronics is limited by inelastic deformation. We developed intrinsically elastic ferroelectrics 

by combining ferroelectric response and elastic resilience into one material by slight cross-

linking of plastic ferroelectric polymers. The precise slight cross-linking can realize the 

complex balance between crystallinity and resilience. Thus, we obtained an elastic ferroelectric 

with a stable ferroelectric response under mechanical deformation up to 70% strain. This elastic 

ferroelectric exerts potentials in applications related to wearable electronics, such as elastic 

ferroelectric sensors, information storage, and energy transduction. 

摘要翻译：铁电体是现代世界不可分割的组成部分，在电学、电子学和生物医学中具有

重要意义。然而，铁电体在新兴可穿戴电子产品中的应用受到非弹性变形的限制。研究

组通过塑性铁电聚合物的微交联，将铁电响应和弹性回弹结合到一种材料中，开发了本

征弹性铁电体。精确的微交联可实现结晶性和回弹性之间的复杂平衡。因此，研究组制

备了在高达 70%应变的机械变形下仍具有稳定铁电响应的弹性铁电体。这种弹性铁电体

有望应用于可穿戴电子产品，例如弹性铁电传感器、信息存储和能量转换。 

文中插图： 

 

  



 

 

[3] A Stable Rhombohedral Phase in Ferroelectric Hf(Zr)1+xO2 Capacitor with Ultralow 

Coercive Field 

具有超低矫顽场铁电 Hf(Zr)1+xO2电容器中的稳定菱形相 

出版信息：Science, 4 AUG 2023, VOL 381, ISSUE 6657 

作者：Yuan Wang, Lei Tao, Roger Guzman, Qing Luo, Wu Zhou, Yang Yang, et al. 

第一作者单位：State Key Lab of Fabrication Technologies for Integrated Circuits, Institute 

of Microelectronics, Chinese Academy of Sciences, Beijing, China; Key Laboratory of 

Microelectronics Devices and Integrated Technology, Institute of Microelectronics, Chinese 

Academy of Sciences, Beijing, China. 

全文链接：https://www.science.org/doi/full/10.1126/science.adf6137  

国内相关报道：http://www.ime.cas.cn/zhxx/ttxw/202308/t20230815_6859349.html  

Abstract：Hafnium oxide–based ferroelectric materials are promising candidates for next-

generation nanoscale devices because of their ability to integrate into silicon electronics. 

However, the intrinsic high coercive field of the fluorite-structure oxide ferroelectric devices 

leads to incompatible operating voltage and limited endurance performance. We discovered a 

complementary metal-oxide semiconductor (CMOS)–compatible rhombohedral ferroelectric 

Hf(Zr)1+xO2 material rich in hafnium-zirconium [Hf(Zr)]. X-ray diffraction combined with 

scanning transmission electron microscopy reveals that the excess Hf(Zr) atoms intercalate 

within the hollow sites. We found that the intercalated atoms expand the lattice and increase the 

in-plane and out-of-plane stresses, which stabilize both the rhombohedral phase (r-phase) and 

its ferroelectric properties. Our ferroelectric devices, which are based on the r-phase 

Hf(Zr)1+xO2, exhibit an ultralow coercive field (~0.65 megavolts per centimeter). Moreover, we 

achieved a high endurance of more than 1012cycles at saturation polarization. This material 

discovery may help to realize low-cost and long-life memory chips. 

摘要翻译：基于氧化铪的铁电材料因其能够集成到硅电子器件中，是下一代纳米级器

件颇有潜力的候选者。然而，萤石结构氧化物铁电器件固有的高矫顽场导致其工作电

压不兼容，耐久性能受限。研究组发现了一种富含铪-锆[Hf(Zr)]的互补金属氧化物半导

体（CMOS）兼容菱形铁电体 Hf(Zr)1+xO2材料。X 射线衍射结合扫描透射电镜显示，

过量的 Hf(Zr)原子嵌入在空心位点内，嵌入的原子扩展了晶格，增加了面内和面外应

力，从而稳定了菱形相（r 相）及其铁电性质。该铁电器件基于 r 相 Hf(Zr)1+xO2，具有

超低的矫顽场（约 0.65 兆伏/厘米），此外还在饱和极化下实现了超过 1012 次循环的高

耐久性。该材料的发现或有助于实现低成本和长寿命的存储芯片。 

文中插图： 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

[1] Reversible spin-optical interface in luminescent organic radicals 

发光有机自由基的可逆自旋光界面 

出版信息：Nature, 17 August 2023, VOL 620, ISSUE 7974 

作者：Sebastian Gorgon, Kuo Lv, Jeannine Grüne, Bluebell H. Drummond, William K. Myers, 

Giacomo Londi, et al. 

第一作者单位：Cavendish Laboratory, University of Cambridge, Cambridge, UK; Centre for 

Advanced Electron Spin Resonance, Department of Chemistry, University of Oxford, Inorganic 

Chemistry Laboratory, Oxford, UK 

全文链接：https://www.nature.com/articles/s41586-023-06222-1  

Abstract：Molecules present a versatile platform for quantum information science and are 

candidates for sensing and computation applications. Robust spin-optical interfaces are key to 

harnessing the quantum resources of materials. To date, carbon-based candidates have been 

non-luminescent, which prevents optical readout via emission. Here we report organic 

molecules showing both efficient luminescence and near-unity generation yield of excited states 

with spin multiplicity S > 1. This was achieved by designing an energy resonance between 

emissive doublet and triplet levels, here on covalently coupled tris(2,4,6-trichlorophenyl) 

methyl-carbazole radicals and anthracene. We observed that the doublet photoexcitation 

delocalized onto the linked acene within a few picoseconds and subsequently evolved to a pure 

high-spin state (quartet for monoradical, quintet for biradical) of mixed radical–triplet character 

near 1.8ௗeV. These high-spin states are coherently addressable with microwaves even at 295ௗK, 

with optical readout enabled by reverse intersystem crossing to emissive states. Furthermore, 

for the biradical, on return to the ground state the previously uncorrelated radical spins either 

side of the anthracene shows strong spin correlation. Our approach simultaneously supports a 

high efficiency of initialization, spin manipulations and light-based readout at room 

temperature. The integration of luminescence and high-spin states creates an organic materials 

platform for emerging quantum technologies. 

摘要翻译：分子为量子信息科学提供了一个通用平台，是传感和计算应用的候选者。稳

健的自旋光学界面是利用材料量子资源的关键。迄今为止，碳基候选材料均不发光，这

限制了通过发射进行光学读出。研究组报道了自旋多重性 S>1 时，具有高效发光且激发

态近单位产率的有机分子。基于设计发射双重态和三重态能级之间的能量共振，实现了

三（2,4,6-三氯苯基）甲基咔唑自由基和蒽的共价偶联。研究组观察到，双光子激发在几

皮秒内离域到连接并苯上，并随后演化为 1.8 eV 附近混合自由基-三重态特征的纯高自

旋态（单自由基为四重态，双自由基为五重态）。即使在 295K 下，这些高自旋态也可用

于微波相干寻址，通过反向系间窜越到发射态来实现光学读出。此外，对于双自由基，

在返回基态时，先前不相关的自由基自旋在蒽的两侧均显示出很强的自旋相关性。该方

法在室温下同时支持高效初始化、自旋调控和基于光的读出。发光和高自旋态集成为新

兴量子技术创造了一个有机材料平台。 
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[2] Autonomous healing of fatigue cracks via cold welding 

疲劳裂纹的冷焊自动修复 

出版信息：Nature, 17 August 2023, VOL 620, ISSUE 7974 

作者：Christopher M. Barr, Ta Duong, Daniel C. Bufford, Zachary Milne, Abhilash Molkeri, 

Nathan M. Heckman, et al. 

第一作者单位：Sandia National Laboratories, Albuquerque, NM, USA; Center for Integrated 

Nanotechnologies, Sandia National Laboratories, Albuquerque, NM, USA 

全文链接：https://www.nature.com/articles/s41586-023-06223-0  

Abstract：Fatigue in metals involves gradual failure through incremental propagation of cracks 

under repetitive mechanical load. In structural applications, fatigue accounts for up to 90% of 

in-service failure. Prevention of fatigue relies on implementation of large safety factors and 

inefficient overdesign. In traditional metallurgical design for fatigue resistance, microstructures 

are developed to either arrest or slow the progression of cracks. Crack growth is assumed to be 

irreversible. By contrast, in other material classes, there is a compelling alternative based on 

latent healing mechanisms and damage reversal. Here, we report that fatigue cracks in pure 

metals can undergo intrinsic self-healing. We directly observe the early progression of 

nanoscale fatigue cracks, and as expected, the cracks advance, deflect and arrest at local 

microstructural barriers. However, unexpectedly, cracks were also observed to heal by a process 

that can be described as crack flank cold welding induced by a combination of local stress state 

and grain boundary migration. The premise that fatigue cracks can autonomously heal in metals 

through local interaction with microstructural features challenges the most fundamental 

theories on how engineers design and evaluate fatigue life in structural materials. We discuss 

the implications for fatigue in a variety of service environments. 

摘要翻译：金属疲劳是指在重复机械载荷作用下，通过裂纹的增量扩展而逐渐失效。在

结构应用中，疲劳占在役失效的 90%。疲劳的预防依赖于大安全系数和低效过度设计的

实施。在传统的抗疲劳冶金设计中，人们开发微观结构来阻止或减缓裂纹的发展。裂纹

生长被假定为不可逆的。相比之下，在其他材料类别中，存在一种基于潜在修复机制和

伤害逆转的令人信服的替代方案。研究组报道了纯金属的疲劳裂纹也可以进行内在自修

复。他们直接观察到纳米级疲劳裂纹的早期发展，不出所料，裂纹在局部微观结构障碍

处前进、偏转和停止。然而，出乎意料的是，裂纹也被观察到通过局部应力状态和晶界

迁移共同引发的裂纹侧面冷焊过程而自我修复。疲劳裂纹可通过与微观结构特征的局部

相互作用而在金属中自动修复，这一假设对工程师如何设计和评估结构材料疲劳寿命的

最基本理论提出了挑战。研究组讨论了在各种服务环境中疲劳会有何影响。 

文中插图： 



 

 

[3] Oriented nucleation in formamidinium perovskite for photovoltaics 

光伏用甲脒钙钛矿的定向成核 

出版信息：Nature, 10 August 2023, Volume 620 Issue 7973 

作者：Pengju Shi, Yong Ding, Bin Ding et al. 

第一作者单位：State Key Laboratory of Silicon Materials and Advanced Semiconductor 

Materials, School of Materials Science and Engineering, Zhejiang University, Hangzhou, China 

全文链接：https://www.nature.com/articles/s41586-023-06208-z  

国内相关报道：

https://engineering.westlake.edu.cn/NewsEvents/LatestNews/202306/t20230621_29363.shtml  

Abstract：Here we use in situ monitoring of the perovskite crystallization process to report an 

oriented nucleation mechanism that can help to avoid the presence of undesirable phases and 

improve the performance of photovoltaic devices in different film-processing scenarios. The 

resulting device has a demonstrated power-conversion efficiency of 25.4% (certified 25.0%) 

and the module, which has an area of 27.83cm2, has achieved an impressive certified aperture 

efficiency of 21.4%. 

摘要翻译：在此，我们通过对钙钛矿结晶过程的原位监测来报告一种定向成核机制，该

机制可以帮助避免不良相的存在，并提高光伏器件在不同薄膜加工场景下的性能。该器

件的功率转换效率为 25.4%（经认证为 25.0%），该模块的面积为 27.83 cm2，经认证的

孔径效率为 21.4%，令人印象深刻。 

文中插图： 

 


