2023 年单原子 Ru 催化剂ACS Catalysis论文被网友指出诸多漏洞
原创  sleuthPubpeer2025-04-02 22:55:03新加坡
[image: ] 提示：欢迎点击上方「Pubpeer」↑关注我们！
编者按

最新、最快、最真实的科研匿名评价论文报道；关注高校院所科研生态，欢迎提供新闻线索。联系邮箱：Pubpeer@qq.com
[image: ]

[image: ]

2023 年，由华南师范大学环境学院 Chao Zhang、Yingqiang Li、Yue Xie 等众多学者组成的研究团队，在《ACS Catalysis》杂志上发表了一篇名为 “High - Loading Single - Atom Ru Catalysts Anchored on N - Doped Graphdiyne/γ - Graphyne Quantum Dots for Selective Hydrodehalogenation and Hydrodearomatization” 的论文。该研究声称合成出了单原子 Ru 催化剂，其金属含量高达 27.6 wt%，这一成果归因于使用了新型载体材料 ——“N - 掺杂石墨炔 /γ - 石墨炔量子点”。
然而，一位名为 Palaquium morobense 的网友对该论文提出了诸多质疑。首先，从合成过程来看，论文中关于石墨炔的合成步骤问题重重。比如，石墨炔通常通过 Glaser 偶联反应合成，该反应需要氧气或其他化学计量氧化剂，但此论文却称在氩气环境下进行，令人费解；制备 HEB 前体的方法参考不明确，且该材料敏感，原文献未提及如何在丙酮中获得浓溶液；反应溶剂以丙酮为主，而丙酮沸点为 56°C，却称混合物能加热到 120°C 或冷却到 80°C，不符合常理；反应中使用的铜泡沫如何从最终产物中去除未作说明；声称的固体材料却要冻干，且未说明如何从有机溶剂中冻干，同时还缺失试剂用量，使得该合成方法难以重现。
对于 γ - 石墨炔的合成，网友指出其参考的文献存在诸多问题，包括不切实际的化学过程、有缺陷的表征以及缺乏基本物理理解等。近期的复制研究表明球磨产物是无定形炭，并非 γ - 石墨炔。即便按照参考文献操作，也无理由认为产物是 γ - 石墨炔，且该材料在 700°C 高温下难以存活，但论文却称对其进行了此温度下的煅烧。此外，合成过程同样缺失试剂用量。
在合成 γ - 石墨炔和石墨炔 “量子点” 时，网友质疑 10g 石墨炔的合成及 HEB 的相关操作的安全性，因为 HEB 敏感且易爆，原文献仅描述了毫克级合成。材料在浓硝酸中进行高功率超声和回流的操作也存在疑问，如如何安全操作、材料关键官能团能否在此条件下保留、浓硝酸沸点与回流温度矛盾等。后续与氨气的反应性质以及所谓的 C -> N 直接取代反应也缺乏可信先例。
对于 γ - 石墨炔和石墨炔 “量子点” 负载 Ru 催化剂的合成，材料在 500°C 加热时，即使是声称的 γ - 石墨炔也难以存活，且尿素参与反应引入额外碳氮，却未进行相关对照实验。反应后清洗 Ru 残留物的操作也不合理，未说明可溶 Ru 残留物的种类，也未对清洗液中 Ru 浓度进行测量。另外，实验中一些反应条件，如乙二醇在 160°C 回流的操作未解释是否在减压下进行。
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从表征数据来看，拉曼光谱中 2000 - 2250 cm - 1 的峰与声称结构不符，数量、强度、峰形均异常，可能是人为干扰或后处理引入的假象。电子显微镜数据显示，TEM 分析中材料晶格条纹周期与 γ - 石墨炔或石墨炔不符，HAADF - STEM 图像也无法证明 Ru 的分散情况，且声称的单原子尺寸与实际图像不符。XPS 拟合中，Ru 3p 的拟合包络不遵循实验数据点，化学位移的选择和引用文献存在问题。EDS 映射分析也不能证明 Ru 的均匀分散，且 EDS 光谱与声称成分不一致。
此外，网友还指出论文存在多处不恰当引用，部分参考文献与上下文无关或不能支持作者观点，引用选择令人质疑，且许多引用似乎对 Yuliang Li 有利。综上所述，网友认为该论文的关键结论可能无效。
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https://pubs.acs.org/doi/10.1021/acscatal.3c01390
[image: ]             
                 11 comments on PubPeer (by: Palaquium Morobense)               
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#1 Palaquium morobense comment accepted February 2025

The paper by Huang, Dionysiou, and colleagues claims the synthesis of single-atom Ru catalysts with an
unprecedented metal content of up to 27.6 wt%. This achievement is attributed to the use of novel support
materials, described as "N-doped graphdiyne/y-graphyne quantum dots." Here, | will demonstrate that the
reported synthesis of these support materials is not credible and that the characterization data are inconsistent
with the claimed structures of both the supports and the catalysts. As a result, the key conclusions of this paper
appear to be invalid.

@ report < permalink

#2 Palaquium morobense comment accepted February 2025

2.2. Synthesis of Graphdiyne

The synthesis procedure of graphdiyne should avoid the presence of oxygen and light. The hexaethynylbenzene (HEB) precursor
Cu foam was stirred in a prepared

for 60 min under an Ar atmosphere, before it was| . HEB was

dissolved in 50 mL of acetone and added dropwise into the mixture for 6 h. The cross-coupling process was conducted at 80 °C for

721 Then the deposit was thoroughly washed before t was lyophilzed.

The described procedure for the synthesis of graphdiyne is highly problematic and is unlikely to be reproducible:
1. "The synthesis procedure of graphdiyne should avoid the presence of oxygen and light". (blue highlight)

Graphdiyne is typically claimed to be synthesized via a Glaser coupling. This reaction requires oxygen or other

stoichiometric oxidant:
https://www.organic-chemistry.org/namedreactions/glaser-coupling.shtm
Thus, it is unclear why the reaction here is claimed to be under argon.
2. "(HEB) precursor was synthesized using the method described in a previous study (26)" (orange highlight)
Ref. 26 is Chem. Commun. 2010, 46, 3256~ 3258, DOL: 10.1039/b922733d [N Q2 .

HEB is a highly sensitive material. The provided reference does not describe how to obtain a concentrated
solution of HEB in acetone. It only describes a small (>10 mg) scale path to HEB, with the material deprotected in

situ.

3. "mixture of acetone, pyridine, and TMEDA (v/v/v, 100:5:1) at 120 °C before it was cooled to 80 °C" (magenta
highlight)

The claimed solvent is mainly acetone. Acetone boils at 56 °C. How could this mixture have been heated to 120 °C

or "cooled" to 80 °C?
4. The reaction was supposedly done in the presence of Cu foam (green highlight)
How was the Cu foam removed from the final product?
5. "Then the deposit was thoroughly washed before it was lyophilized" (purple highlight)

Why was it necessary to lyophilize the claimed material, if it is supposed to be a solid? How was this done from

organic solvent?

6. The amounts of reagents are missing. We are only informed of the ratios and the amount of solvents. Thus,
the claimed procedure is inherently not reproducible.

@ report < permalink

#3 Palaquium morobense comment accepted February 2025

2.3. Synthesis of y-Graphyne

ball milled with absolute ethanol (90 mL) and grinding balls (100 g) at 550 rpm for 24 h. It should be noted that the ball-milled pots
hould e deflated every 15 min. Then the mixture powder was cained i argon atmosphere a 700°C for2h o emve the
unreacted HBB, after drying at 70 °C. The calcined powder was washed by 0.5 M HNO; and Milli-Q water three times each to

remove the unreacted CaC;. Finally, the obtained product was dried at 70 °C and stored at 4 °C.

The described procedure for the synthesis of y-graphyne is highly problematic and is unlikely to be reproducible:

1. "y-Graphyne was synthesized using a modified method described in a previous report... (37, 38)" (orange
highlight)

References 37 and 38 are:
Carbon, 136 (2018), pp. 248-254 (doi: 10.1016/j.carbon.2018.04.081)¢*)
Small, 15 (8) (2019), e1804710 (doi: 10.1002/smll.201804710)(*)

These references have been subject of previous PubPeer threads, and are deeply problematic, including

unrealistic chemistry, flawed characterization, and lack of basic physical understanding:
https://pubpeer.com/publications/62F65CE8172CCF660E7TA80D26CB704
https://pubpeer.com/publications/0C908C267CB734C879736A03F6E6DD

These papers have been targets of a recent replication study (Carbon, 232 (2025), p. 119808), which established
that the product of ball milling is amorphous char, not any form of graphyne:

https://www.sciencedirect.com/science/article/pii/S0008622324010273

Even if the ball milling procedure is performed as described in references 37-38 (blue highlighting), there is no
reason to believe the product is y-graphyne.

2."...powder was calcined in argon atmosphere at 700 °C for 2 h" (magenta highlighing)

The material in question is not y-graphyne (see above). However, even if it were y-graphyne, this material is not
expected survive being heated to 700 °C. This was shown in a 2022 paper (J. Am. Chem. Soc. 2022, 144, 39, 17999).
Itis important to point out that this J. Am. Chem. Soc. paper was published before the ACS Catal. paper under
discussion.

Could the authors please comment on why they expected a material with that many triple bonds to be stable
when heated to 700 °C?

..the obtained product was dried at 70 °C and stored at 4 °C" (green highlight)

Could the authors please comment on why it is necessary to store the material at 4 °C after it was annealed at 700
°c?

4. The amounts of reagents are missing. We are only informed of the ratios and the amount of solvents and mill
balls. Thus, the claimed procedure is inherently not reproducible.

@ report < permalink

#4 Palaquium morobense comment accepted February 2025

2.4. Synthesis of GDQDs-NH3/GNQDs-NH;

Graphdiyne/y-graphyne (10 g) was ball milled with absolute ethanol (20 mL) and grinding balls (100 g) at 600 rpm for 4 h, before
irying at 1o remove the ethanol. Then

before centrifugation to obtain GDQDs/GNQDs and was washed with Milli-Q water three times. The
GDQD/GNQD powder (1.2 g) was dispersed in the mixture of concentrated NH solution (20 mL) and Milli-Q water (50 mL) and

treated with an ultrasound (500 W, 40 kHz) in ice water for 4 h. The suspension was transferred to an autoclave (100 mL) and
heated at 200 °C for 10 h. After cooling, the liquid portion was removed using vacuum suction filtration with a 0.22 pm filter
membrane. The obtained GDQDs-NH3/GNQDs-NH; were transferred to a dialysis bag (retained molecular weight of 500 Da) and
dialyzed for 72 h to remove NHj residue. After the liquid portion was removed, GDQDs-NH3/GNQDs-NH3 were lyophilized and
stored at4 °C.
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The described procedure for the synthesis of y-graphyne and graphdiyne "quantum dots" is highly problematic

and is unlikely to be reproducible:
1. "Graphdiyne/y-graphyne (10 g)" (orange highlight)

10 g of graphdiyne implies a similar scale for the synthesis and deprotection of HEB. Can the authors explain how
was this accomplished, and comment on the safety of the procedure? HEB is a highly sensitive and potentially
explosive compound. The provided ref. 26 only describes a milligram-scale synthesis of HEB (see above).

2."..the treated graphdiyne/y-graphyne... was dispersed in concentrated HNO3..." (magenta highlight)
The materials were supposedly subjected to high-power ultrasound in concentrated HNO3, and then refluxed.
Could the authors comment on how were they able to safely sonicate concentrated HNO3 at 500 W?

Furthermore, could the authors explain why would they expect the materials to preserve the key functional
groups (triple bonds) under these conditions? Even graphite reacts with hot concentrated HNO3, and it is

reasonable to assume graphynes will be significantly more reactive.
Finally, the 68% solution of HNO3 boils at 121 °C. How was it "reflux[ed] for 12 h at 80 °C"?

3. The materials were further reacted with NH3 in water under 500 W sonication and at 200 °C in an autoclave
(blue highlight)

Can the authors comment on the nature of the claimed reactions? How does a direct C -> N substitution work in
these structures? Is there any credible precedent for such a direct (sp1)C -> N substitution?

4. The authors claim that "sp-C sites more exposed to the substitution reaction by N atoms through the
treatment by HNO3 and NH3"

Why would the "sp-C" sites be "more exposed"? Is the C->N substitution accomplished by HNO3 or NH3?
5. The authors claim that the nitrogens in "N-doped graphdiyne/y-graphyne" have sp1 hybridization.

This claim is highly problematic, as are the claimed structures themselves. For example, the structures in Fig. 3b
and 3f contain moieties with linear chains of 4 and 3 N atoms.

Tetraazadienes do not exist as free compounds (doi: 10.1021/ja00526a057)(). Furthermore, none of the
teraazadiene nitrogens will be sp1, so the straight N-N-N-N arrangement in Fig. 3b is unexpected. Striuctures in
Fig. 3b, 3d, and presubaly 3f depict (poly)diazene compounds (i.e. R-N=N-H) Organic diazenes have been
described (doi: 10.1021/ja01011a029)). Even phenyldiazene is highly reactive and unstable. The "C-N3"

structure in Fig. 3f is formally an azide complex - structurally feasible, but not expected to be stable.

Even if these structures were feasible frozen in argon matrix, there is absolutely no way they will survive the

heating described in the experimental part.

@ report < permalink

#5 Palaquium morobense comment accepted February 2025

2.5. Synthesis of GDQD-Ru/GNQD-Ru

RuCl3 solution (5 mg/mL) and GDQDs-NH3/GNQDs-NH3 solution (1 mg/mL) were mixed at a volume ratio of 7:30. Then the mixture
was treated with an ultrasound (500 W, 40 kHz) for 15 min and rapidly frozen in liquid nitrogen. After being lyophilized, the obtained
aerogel powder was mixed with urea at the mass ratio of 1:10 and heated at 500 °C for 2 h. After the thermal treatment, GDQD-Ru/
GNQD-Ru was washed by absolute ethanol and Mill-Q water three times each to remove the unreacted Ru residues and then
Iyophilized.

2.6. Synthesis of GD-Rw/GN-Ru

RuCl3 in solution (5 mg/mL) and graphdiyne/y-graphyne were mixed at a mass ratio of 7:6. Then the mixture was treated with an
ultrasound (500 W, 40 kHz) for 15 min and rapidly frozen in liquid nitrogen. After being lyophilized, the obtained aerogel powder
was mixed with urea at the mass ratio of 1:10 and heated at 500 °C for 2 h. After the thermal treatment, GD-Ru/GN-Ru was washed
by absolute ethanol and Mil-Q water three times each to remove the unreacted Ru residues and then lyophilized.

2.7. Synthesis of GDN-Ru/GNN-Ru

RuCl; and graphdiyne/y-graphyne were sequentially added in ethylene glycol (100 mL) at a mass ratio of 7:6. The mixture was

treated with an ultrasound (500 W, 40 kHz) for 20 min, before being The liquid portion was removed
using vacuum suction filtration, and the obtained GDN-Ru/GNN-Ru was
o remove the unreacted Ru residues

and then lyophilized.
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