复旦大学材料科学系发表的Nature Materials纯铜高效析氢研究引争议，网友质疑原子模型与信号归属
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2025 年 2 月 3 日，《Nature Materials》杂志在线发表了来自复旦大学、天津大学、北京工业大学等多所高校科研团队合作的研究论文 “Electroreduction-driven distorted nanotwins activate pure Cu for efficient hydrogen evolution” 。研究团队由来自复旦大学材料科学系的 Zhe Li、Yun Song 等，天津大学化工学院、材料学院的 Yueshuai Wang、Hui Liu 等众多学者组成。
该研究主要成果是发现了电还原驱动的扭曲纳米孪晶可激活纯铜，实现高效析氢。这一成果对于高效析氢催化剂的开发具有重要意义，有望为能源领域的发展提供新的思路和方法。
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然而，文章发表后，引发了网友讨论。有网友（Chionanthus ramiflorus）指出，图 3 中呈现的原子模型在物理合理性上存在严重问题。部分原子的配位数异常低（约 0 - 3），与既定的晶体学和表面科学原理相悖，即使在低配位的纳米团簇结构中，金属铜的配位数也≥4。此外，图 S11 中也显示出许多原子位置错误和原子间间隙过大的问题，这些结构重建中的根本性矛盾严重削弱了该研究关于催化机制的结论。同时，将 2100 cm?1 拉曼信号归为 Cu - H 振动不仅缺乏依据，还与现有文献矛盾，且作者未进行同位素验证，忽视了表面增强拉曼光谱（SERS）中区分氢相关信号与含碳吸附物的关键步骤。
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另一位网友（Pontoporia blainvillei）则认为，已知铜会通过溶解 - 沉淀过程进行重构，该体系中的模型存疑，尤其在酸性条件下重构更为显著。并且已知 Pt - H 在拉曼光谱中 HER 的位置也在～2100 cm?1，因此对该论文表示困惑。
https://pubmed.ncbi.nlm.nih.gov/39900738/
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Figure 3

The atomic model presented in Figure 3 raises serious concerns regarding its physical plausibility. Several atoms
exhibit abnormally low coordination numbers (~0-3), contradicting well-established crystallographic and surface
science principles. Even in highly undercoordinated nanocluster configurations, metallic Cu maintains

coordination numbers >4 (e.g., FCC lattice coordination = 12, edge/corner sites = 4-6).
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Figure S11 further underscores these issues, showing numerous misplaced atoms and unphysically large
interatomic gaps. Such fundamental inconsistencies in the structural reconstruction severely undermine the

study’s conclusions regarding catalytic mechanisms.

Additionally, the assignment of the 2100 cm~' Raman signal to Cu-H vibrations is not only unsubstantiated but
contradicted by existing literature. To date, no study has reported Cu-H stretching modes in this region under
ambient or electrochemical conditions. By contrast, Cu-CO vibrations are well-documented within this range
(2050-2150 cm~") (J. Am. Chem. Soc. 2022, 144, 10, 4318-4327), especially in the presence of carbon-based
electrodes. The authors fail to consider this far more plausible explanation. The lack of isotopic validation (e.g.,
H/D substitution) renders the Cu-H claim scientifically baseless. Surface-enhanced Raman spectroscopy (SERS)
requires such controls to differentiate hydrogen-related signals from carbonaceous adsorbates, yet the authors
neglect this essential step. Given the overlap between the authors' claimed Cu-H assignment and the well-
established Cu-CO adsorption region, isotope labeling is necessary rather than optional. Without such validation,
the Cu-H assignment remains highly questionable.
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#2 Pontoporia blainvillei comment accepted March 2025

Copper is known to reconstruct through a dissolution-precipitation process, so the model in this system is
skeptical. There are bunches of paper about copper reconstruction in neutral conditions. In acid, it will be more
significant. J. Am. Chem. Soc. 2024, 146, 28, 19509-19520; J. Am. Chem. Soc. 2024, 146, 6, 4242-4251; Angew.
Chem. 2021,133, 3, 1367-1374.

Pt-H is also known to be located at ~2100 cm-1 in Raman for HER.

So this paper s entirely puzzling.
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Abstract

Precious metals such as Pt are favoured as catalysts for the hydrogen evolution reaction
(HER) due to their excellent catalytic activity. However;the scarcity andhigh cost of precious.
‘metals have prompted researchers to explore cheaper alternatives such as Cu. Nevertheless,
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