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2020 年 10 月 14 日，厦门大学等多单位的研究人员在《Nature》杂志上发表了一篇题为 “Surface coordination layer passivates oxidation of copper” 的研究成果。该研究的通讯作者来自厦门大学、北京大学等高校。
研究指出，通过在铜表面构建表面配位层可钝化铜的氧化。这一成果对于解决铜材料易氧化的问题具有重要意义，有望提升铜在众多领域的应用性能与寿命。
然而，文章发表后引发网友讨论。网友 Mecinus barbarus 认为，论文中的 STM/AFM 数据更像是氧覆盖层，而非所宣称的甲酸盐覆盖层。其依据为：‘甲酸盐’层图像结构与已知表面氧化物相的 c (6x2) 结构相同，且在超高真空退火条件下甲酸盐保留在表面与早期程序升温脱附（TPD）结果不一致，甲酸在约 420K 时脱附，使表面恢复 c (6x2) 结构，且退火过程的 STM 研究表明甲酸脱除后 c (6x2) 结构仍存在。从制备条件看，样品在 STM 研究前经过高温长时间退火等步骤，在此过程中甲酸易脱附。同时，此前多项研究中 nc - AFM、AFM、STM 观察到的 c (6x2) 结构与论文中结构相同。
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对此，论文作者 Nanfeng Zheng 回应称，在同行评审过程中也有类似担忧，他们已在论文中进行了说明。
排除氧化物相可能性的原因如下：
一是 AFM 成像基于高阶静电力，对氢原子敏感度高，从放大的 AFM 图像看，甲酸盐呈三角形，与模拟图像一致，而氧化物相表面氧不会有这种三角形对称，只会呈现圆形突起；
二是水热处理形成的钝化层与简单吸附在铜上的甲酸盐层不同，水热处理可使铜箔深度重构，形成更稳定的甲酸盐配位结构，TPD 数据显示甲酸盐在 300°C 以上才开始脱附，远高于甲酸在铜上的吸附脱附温度，且 FTIR、Raman、TPD - MS 和 XPS 测量证实类似 STM/AFM 实验温度退火后甲酸盐及相关物种仍在表面；
三是超高真空退火后的表面具有相似的防腐性能，若为氧化物相，防腐能力应差很多。
https://pubpeer.com/publications/72389903C123FBAF4DEB2741F97813#2
https://www.nature.com/articles/s41586-020-2783-x
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#1 Mecinus barbarus comment accepted February 2025

The STM/AFM data reported in the Nature paper are more consistent with an oxygen overlayer, not the claimed

formate overlayer.

Images of the ‘formate’ layer contain the same structure, c(6x2), as a well-known surface oxide phase. This
structure has been investigated by multiple groups obtaining similar images, see images below. Additionally, the
retention of formate on the surface under the UHV annealing conditions is inconsistent with earlier temperature-
programmed desorption (TPD) results. These results show that formic acid (retaining a proton) desorbs at ~420 K,
returning the surface to the c(6x2) structure. An STM study of the annealing process shows that a c(6x2) structure
remains after desorption (removal) of formic acid (Surface Science 377-379, 66 (1997) - not shown below due to

length).

To quickly summarize, the surface may have had formate on it, but this was removed by annealing. The authors

likely image a known surface oxide phase.
Into the weeds below.

In the methods section, the authors note the following preparation conditions: "Before the STM investigations,
the samples were annealed in vacuum by heating up to 300°C for an extended time (typically longer than 10 h) in
a pre-chamber with base pressure <1.5 x 10-8 Pa. The Cu(110) single-crystal sample with the c(6 x 2) structure
was obtained in UHV with the following procedure. 1) The Cu(110) single crystal was cleaned by five sputtering-
annealing cycles. 2) The clean Cu(110) sample was quickly transferred from the UHV chamber to a load-lock
chamber protected by N2 gas, where a droplet of ultrapure sodium formate solution was dripped onto the
Cu(110) surface. 3) The Cu(110) sample covered by formate solution was transferred back to the UHV chamber,
followed by low-temperature annealing (100°C-300°C) to obtain the c(6 x 2) structure.”

STM/AFM imaging: The authors report the following.

Fig.2: STM and AFM imaging of formate-treated Cu.

The same periodicity and structure is seen by nc-AFM in previous works.

Image formation and contrast inversion in noncontact atomic force microscopy imaging of oxidized Cu(110)
surfaces PHYSICAL REVIEW B 90, 035410 (2014)
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Asecond AFM work on the c(6x2) oxygen structure on Cu(110) shows, with lesser resolution, the same structure

observed by the authors.

Study of oxidized Cu(110) surface using noncontact atomic force microscopy Surface Science 602 (2008) 2175~
2182

Earlier STM work shows the same structure the authors observe by STM.

Adsorption and reaction of an alkyne molecule on diverse oxygen-reconstructed Cu(110) surfaces Surface Science
719 (2022) 122039

From TPD data: Adsorption and thermal chemistry of formic acid on clean and oxygen-predosed Cu(110) single-
crystal surfaces revisited Surface Science 646 (2016) 37-44

The rightmost panel shows a peak starting around 420 K, corresponding to the removal of formic acid from the
surface. The authors of the Nature paper heated their sample from between 100 C (373 K) to 300 C (573 K) as

stated in methods, most of this temperature range would make formic acid desorb.
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#2 Nanfeng Zheng comment accepted February 2025

The main concern raised in the comment pertains to the thermal stability of forfitate opthe Césurface and the.
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#2 Nanfeng Zheng comment accepted February 2025

The main concern raised in the comment pertains to the thermal stability of formate on the Cu surface and the
possible formation of surface oxide phase. During the peer-review process, the same concern was also raised by
the reviewers. We have considered and addressed the issue in our published work. The possibility of oxide phase

can be ruled out due to the following reasons:

1. Our AFM imaging is based on the high-order electrostatic force, leading to the enhanced sensitivity to
hydrogen atoms. From the zoom-in AFM image (inset of Fig. 2c), the formate is resolved as a triangular shape,
which is consistent with the simulated image. In contrast, for the oxide phase, the surface oxygens should not

have such triangular symmetry, only showing as round protrusions.

2. The passivation layer, formed by hydrothermal treatment, is quite different from the formate layer simply
adsorbed on Cu. Hydrothermal treatment can induce deep reconstruction on the Cu foil, leading to a more stable
formate-coordinated structure. As shown in our TPD data (Extended Fig. 4d), the formate begins to desorb at
temperatures above 300 °C, much higher than the desorption temperature of formic acid adsorbed on Cu (420 K).
Additionally, we conducted FTIR, Raman, TPD-MS, and XPS measurements (Extended Fig. 4), which confirm that
the formate and other related species remain on the surface after annealing at the similar temperatures of
STM/AFM experiments.

3. Wehave observed that the surface after UHV annealing exhibits similar anticorrosion properties (Extended
Fig. 4e), further supporting the stability of the anticorrosion layer. If it is the oxide phase, the anticorrosion ability

should be much poorer.
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Abstract

Owing to its high thermal and electrical conductivities, its ductility and.its overall non-

123 copper is widely used in daily applications and in industry, particularly in anti-
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