惊！电子科大《德国应用化学》二氧化碳还原研究被 Galaxias maculatus 质疑，漏洞待解
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近日，电子科技大学基础与前沿科学研究院分子电化学实验室的 Lei Li 和 Chunhua Cui 在《德国应用化学》上于 2025 年 4 月 7 日线上提前发表了一项研究，称电离水有助于可持续的自由基介导的二氧化碳还原为多碳氢化合物和含氧化合物。然而，一位名为 Galaxias maculatus 的网友对该研究提出了诸多质疑。网友认为研究中二氧化碳还原过程的一些假设存在问题，例如中间产物羟基甲酰基自由基因酸性强在纯水中浓度低，难以发生后续反应，且易发生其他不利于目标产物生成的反应。研究中假设的一些物质，如 “氧亚甲基” 卡宾，实际为一氧化碳的激发态，在水溶液中极不稳定。另外，研究中的一些反应路径在热化学上不利或反应产物不合理。该争议引发学界关注，未来该研究是否能回应质疑，进一步完善成果，值得持续关注。
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Accepting that CO2*- radical anion (1) is initially being produced, its protonation to give hydroxyformyl radical (2)
canin fact be proposed. However, it is well known that 2 is a rather acidic compound, pKas < 3.9 have been
reported in the literature, the most recent one, pKa = 3.4 (see iBonD 2.0). Thus, in pure water the stationary
concentration of 2 would be extremely small, thereby strongly diminishing the kinetics of any following
bimolecular reaction. Further, 2 is a so-called (sp2) sigma radical which will rapidly (diffusion-controlled)
dimerize to give oxalic acid, forming a strong (80 keal/mol) C-C bond. In competition, it also may undergo fast
hydrogen atom abstraction from suitable compounds (forming a strong sp2-C-H bond) to give formaldehyde.

Hence, the hypothetical 2 ~> 3 transformation will kinetically and thermochemically be absolutely unlikely.

Example for flawed views on electronic structure: Consider the hypothetical species 3 (as depicted, it may be
termed "oxomethylene", a carbene): The singlet carbene (closed-shell = paired electrons) is in fact ground-state
carbon monoxide (CO). The triplet carbene (diradical, two unpaired electrons of same spin)is a triplet excited
state of CO;, the lowest-energy one 133.5 keal/mol higher in energy than ground-state CO (corresponding to 214
nm excitation). The singlet open-shell carbene (diradical, two unpaired electrons of opposite spin) is a singlet
excited state of CO; the lowest-energy one 186.1 keal/mol higher than ground-state CO (corresponding to 154 nm
excitation). Consult compound "CO" in the NIST WebBook. [Note: Only the 180-labelled "oxomethylene" can be
found in the Chemical Abstracts (CAS) data base, registry # 909709-31-4. In conclusion, the CO excited states are
extremely short-lived in aqueous solution to undergo substantial chemical transformation to the proposed

products. The true CO reactant thus would simply be ordinary (ground-state) carbon monoxide.

Further, recombination of hydroxyformyl radical 2 with H atom (H*) would give formic acid, HCOOH,in a

barrierless, diffusion-controlled reaction :

HO-C*=0 + H* --> HCOOH

heat of reaction (= -BDE) ca. -97 kcal/mol (from iBond 2.6).

The implicitly proposed elimination of water,

HCOOH

H20 + CO

is thermochemically uphill, heat of reaction 6.2 kcal/mol (from experimental heats of formation). The foregoing
process is thermochemically very unfavorable, generally requiring acid catalysis. In pure water, the activation
barrier amounts to about 46 keal/mol, see, e.g.: https://doi.orz/10.1016/j cplett.2022. 140033 [[EEXGH.

Hence, the latter reaction does not take place in the present reaction system.

The following reactions proposed in Scheme 4a), H* addition to 3, are even worse: Conversion of compound 3 to
4,5: Do the authors truly believe that addition of a hydrogen atom to an oxocarbene would give species 4,5 with
three unpaired electrons? And that such a (non-existent) high-energy species would live long enough in solution
toreact with hydrogen atoms (including water elimination, 4 -» 7) to give carbenes 7, 87 Note: A 4-like radical, *C-
OH, "isoformyl" (i.e. two electrons in 4 being paired) has been reported (CAS registry # 71080-92-7), but
experimentally never unequivocally been observed. Its computed heat of formation lies about 42 keal/mol above
that of formyl (6), rendering its intermediate formation essentially impossible. Similar to 3, structure 5 represents
an electronically excited state of the formyl radical (6). Formation of formyl radical (6) is thermochemically the

only decent reaction path in this scheme.
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