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2018 年，Wenyan Zhang、Koyel Banerjee - Ghosh、Francesco Tassinari、Ron Naaman 等研究人员在《ACS Energy Letters》杂志上发表了一篇名为 “Enhanced Electrochemical Water Splitting with Chiral Molecule - Coated Fe3O4 Nanoparticles” 的论文。该论文声称，用手性分子修饰的电催化阳极能够增强析氧反应（OER），并将这种效果归因于 “手性诱导自旋选择性（CISS）” 效应，即手性材料作为电子传输自旋过滤器的内在能力，宣称参与 OER 限速步骤的电子会发生自旋极化，从而促进（*OH）中间自由基的重组，还表示该效应会影响反应动力学和化学选择性。
然而，网友 Crossopetalum parviflorum 对该论文提出了诸多质疑。首先在合成、材料表征和电极稳定性方面，论文中提到阳极的关键成分是用表 1 中列出的配体修饰表面的 Fe?O?纳米颗粒，通过简单超声将 Fe?O?颗粒置于 0.25 mM 的配体水溶液中进行表面功能化，虽称有 “超声效应” 改进，但数据显示功能化不广泛且程度差异大。XPS 光谱显示合成的 Fe?O?颗粒与功能化后的在 C1s 峰强度上无显著差异，高分辨率 S2p 光谱、C1s 光谱也存在不一致，圆二色性（CD）光谱表明存在污染，且无法确定手性成分是否真正附着在磁铁矿表面，同时作者未进行重量分析估计表面覆盖率，由于纳米颗粒暴露在高碱性电解质中，配体解吸率和表面化学性质会因样品而异，影响实验结果的可重复性和解释。
在（光）电化学方面，论文中阳极在光照和黑暗条件下的线性扫描伏安法（LSV）I/V 曲线几乎无差异，这与基于赤铁矿的阳极通常在光照下 OER 起始电位显著降低的情况不同，表明光电化学设置或电极制造存在根本问题。且 “Fe?O?@L - A3” 和 “Fe?O?@L - A11” 的 LSV 曲线难以区分，而配体的差异本应导致不同结果，光谱数据也表明功能化程度不同，这使配体是否影响观察到的电化学现象存疑。此外，多数阳极黑暗起始电位与光照下赤铁矿相当，且起始电位与所声称的 “手性与非手性” 二分法无关，所有 LSV 曲线在起始电位后呈线性，无明确最大电流密度，作者未直接报告起始电位，而是关注 1.23 V vs. SHE 的电流密度，而此电位在该研究背景下无特殊意义，且作者测量时可能未考虑电池内阻。
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非常感谢。没错，你说得完全正确！这确实是 磁铁矿 （图 1 中的 X 射线粉末衍射图谱看起来与 磁铁矿 相符）。在第 3 条帖子中还有一处笔误：应该是 “色氨酸（tryptophan）” 而非 “苏氨酸（threonine）”（这个错误出现了两次，尽管原始图片的标注是正确的）。我现在明白自己为什么会把 磁铁矿 误认成 赤铁矿 了。虽然 赤铁矿 是一种非常典型的光阳极材料，但 磁铁矿 通常被认为不具有光活性（例如可参考：DOI: 10.1002/anie.201107467）。所以，看到光电化学（PEC）实验时，我没有对所声称的成分给予足够（任何）关注，想当然地认为除了 赤铁矿 不可能是别的。这是我的错！
这一说明解释了为什么暗态 / 亮态起始电位和动力学是相同的。但它无法解释的是，原论文作者为何期望光照会产生任何效果。也许他们的假设是 磁铁矿 会氧化成 赤铁矿 。这并非不可能，但需要不同的条件（见 doi: 10.1021/ja111454f）。然而，上述任何一点都不影响主要论点：原论文中的实验不足以证明自旋极化会产生任何效果。
从机理和结构考虑及结论来看，上述问题表明关键电化学实验是在性质不确定的材料上进行的，实验结果异常，无法支持论文的结论。OER 机制既依赖催化剂又依赖电位，论文作者未明确阐述具体的基本步骤序列和限速步骤，其假设的机理存在问题，如假设阳极上的自旋过滤层使（*OH）自由基自旋极化，但电子转移方向与之相反，且氧化反应发生在离电极表面几纳米外的假设不合理。测量 H?O?浓度的实验方法不具有特异性，可能受氯或硝酸盐干扰，且实验中两个色氨酸样品缺失。此外，作者对所谓非手性配体的处理不正确，AIB10 不能自动视为非手性。
总之，该论文的关键主张缺乏证据支持，没有明确证明配体附着在磁铁矿颗粒表面，配体选择有问题，电化学结果与赤铁矿相关文献差异大，实验不足以得出关于潜在机制的有意义结论。
https://pubs.acs.org/doi/10.1021/acsenergylett.8b01454
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2. Inconsistencies with (Photo)electrochemistry

The authors evaluate their anodes both in the dark or under illumination. Hematite-based anodes of this type
typically exhibit a significantly lower onset potential for OER when illuminated (on/off behavior; see, for example,
https://doi.org/10.1002/cssc.201000416)¢), However, the linear sweep voltammetry (LSV) IV curves in Fig. 3
show virtually no difference between light and dark conditions. Even the unfunctionalized Fes0s behaves this
way, suggesting fundamental issues with the photoelectrochemical setup or electrode fabrication. At the very
least, these hematite anodes differ substantially from "literature-standard".

The images presented below are the original Fig. 3, and a figure constructed by overlaying Fig. 3a and Fig. 3c with
Fig. 3b.
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The LSV curves for "Fe30s@L-A3" and "Fe30s@L-A11" are indistinguishable, with a smaller difference between
them than between the L-threonine and D-threonine samples (the ground truth for which must be identical). If
these anodes have the same density of functionalization, how can the authors justify this observation within
their spin polarization filter hypothesis? One ligand has 6 amino acid residues, and can barely hold a helical
conformation. The other is 22 residues, is expected to strongly favor helicity, and is almost 4x as massive for more
effective "spin filtering".

However, spectroscopic data (XPS and CD, discussed above) indicate that the degree of functionalization is not
the same between samples. This alone casts serious doubt on whether the purported ligands influence the
observed electrochemistry at all.

Fig. 3 shows that most anodes have dark onset potentials of ~0.85-0.9 V vs. SHE* (with "Fe30a" and
"Fe30s@MPA" slightly higher, at just over 1V vs. SHE). At pH 13, this corresponds to an overpotential range of
~0.39-0.54 V. These values are comparable to those of illuminated hematite, further suggesting that the system
does not exhibit conventional hematite photoelectrochemistry. The active catalyst, if any, may be an
adventitious species such as a cobalt or nickel impurity. More importantly, the observed onset potentials do not
correlate with the claimed "chiral vs. non-chiral" dichotomy.

Al LSV curves appear linear beyond the onset potential, with no clear maximum current density within the scan
window. The slopes of these linear regions are identical except for "Fes0s@L-AIB10." Assuming OER is irreversible
and that catalyst loading is consistent across all anodes, this suggests that all k= rate constants—except for
"Fes0s@L-AIB10"—are nearly identical. However, since only a single set of results at a single sweep rate is
presented, no meaningful conclusions can be drawn about reaction kinetics or rate-limiting steps. Additionally, it
is unclear whether the authors accounted for the cell’s internal resistance in their measurements.

Itis notable that the authors did not report onset potentials directly but instead focused their discussion on
current density at 1.23 V vs. SHE. This specific potential has no particular significance within the context of this
study. However, 1.23 V vs. NHE is the standard potential for water oxidation at pH 0. This may suggest that the
authors were not aware of the pH-dependent shift of this potential, or the mechanistic significance of
overpotential values.

*The actual reference electrode used is SCE. At pH 13, this choice is questionable due to potential degradation of
the glass frit, which compromises reliability. A Hg/HgO electrode is preferred for this application (see
https://pubs.acs.org/doi/10.1021/acscatal.2c05655)(*).
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3. Mechanistic and Structural Considerations and Concluding Remarks

The issues outlined above make it clear that the key electrochemical experiments in this paper were conducted
on materials of undefined nature, yielding anomalous results that do not support the claimed conclusions.
However, beyond these experimental flaws, it is equally important to scrutinize the underlying mechanistic
claims. Even if the authors were to address the experimental design issues, their mechanistic hypotheses remain
fundamentally flawed and unsalvageable.

Itis well established that the OER mechanism is both catalyst-dependent and potential-dependent (see, for
example, https://www.cell.com/chem/fulltext/52451-9294(21)00165-0). For metal oxide surfaces, the most widely
accepted mechanism is that proposed by Rossmeisl and Nerskov (https://doi.org/10.1016/j.jelechem.2006.11.008
o) [ZEM@). i1 the case of hematite, OER mechanisms have been explored both theoretically
(https://doi.org/10.1021/acs.jpcc.66072284 and experimentally
(https://doi.org/10.1021 jacs. 5502576 [ EEEXHM). while a full discussion of these mechanisms is beyond
the scope of this critique, neither high-level theory nor experimental kinetics support the kind of mechanism
implied in the current paper.

The authors never explicitly articulate a specific sequence of elementary steps, nor do they identify a rate-
limiting step. Instead, their mechanistic assumptions must be inferred. Ref. 11, the earliest of their (self-)cited
works, states that "...the detailed mechanism underlying the final stage of the 0-0 bond formation and 02
evolution remains unsettled despite extensive theoretical studies and will not be discussed here." However, it can
be deduced that the authors assume free (*OH) radicals are key reactive species in some rate-limiting step, either
for the main productive mechanism or for the formation of H202. They further assume that a spin-filtering layer
on the anode polarizes the spins of these (*OH) radicals, despite the fact that electron transfer occurs in the
opposite direction, from the boundary layer to the anode. The first assumption, while an oversimplification, is
broadly reasonable. The second, however, is nonsensical.

While electron transfer kinetics can be spin-dependent, this transfer is kinetically distinct from the oxidation
process itself. Moreover, the authors’ hypothesis implies that oxidation occurs not on the electrode surface but
several nanometers away, which is highly implausible.

The only experiment that directly probes the authors' implied mechanism claims is the estimation of H202

concentration. This is done colorimetrically, by observing the oxidation products of o-tolidine. However, this
reaction is not specific for H202, and will also proceed with chlorine or nitrates (see
https://www.sigmaaldrich.com/US/en/product/sial/t8533). Given the experimental setup described,
contamination with trace chloride is virtually unavoidable, making chlorine a likely interfering species. The
authors fail to provide any direct evidence that H20z is actually formed in their experiments. Finally, both

tryptophan samples are inexplicably absent from this experiment.

Lastly, the authors' treatment of purportedly achiral ligands is incorrect. Specifically, AIB10 cannot automatically
be considered "achiral” within the framework of their mechanistic hypothesis. While AIB monomers are not

intrinsically chiral, their oligomers have a strong tendency to form helices. The population of these helices s, of
course, racemic (ttps://doi.org/10.1002/mabi.202200344( [FEXHM), but each individual helix is either right-
or left-handed. An AIB10 helix has a hydrodynamic diameter of several nanometers, creating a locally chiral
environment. If the authors’ proposed mechanism were valid, we would only run into kinetic issues if the key
OER step spans* two or more of those chiral domains*, and if the participating helices have opposite chiralities.
Therefore, "Fes04@L-AIB10" is not an appropriate achiral control (nor would most racemates be!).

The authors attempt to justify their implied mechanism and spin-polarization hypothesis using Refs. 11-14.
However, Refs. 11, 12, and 14 originate from their own group and suffer from the same fundamental issues as the
current paper (these will be addressed in separate posts here). Ref. 13 shares a co-author with Ref. 11 and
examines a ferromagnetic anode, making the observation of "CISS" somewhat more plausible. Crucially, none of
these references pertain to hematite anodes.

In summary, the key claims of this paper are unsupported by evidence. There is no clear demonstration that the
claimed ligands are attached to the hematite particle surfaces. The choice of ligands is questionable, as their
chemical differences are substantial enough to obscure any small effects, such as those attributed to spin
polarization. The electrochemical results deviate significantly from established literature on hematite, and the
experiments presented are insufficient to draw meaningful conclusions about the underlying mechanism.
Extraordinary claims require extraordinary proof. Such proof is absent from this paper.
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