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Figure 1 (Color online) (a) Schematic illustration of concentrated-solar-driven CO, conversion and the use of the derived products for electrocatalytic
oxygen evolution. (b) Raman spectrum of the solid product harvested directly from ambient air. (c¢) /n-situ mass spectrometry profile monitoring the

consumption of atmospheric CO,
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Figure 2 (Color online) (a) Raman spectra of products obtained under different CO, concentrations, ranging from 100% CO, to ambient air.
(b) Comparison of CO, consumption at different concentration gradients. Reaction conditions: 8 wt % Ga-In, 4 W cm 2, 48 h, 30 sccm. (c) TEM image
and corresponding EDS elemental mapping of the carbonaceous product obtained under 100% CO, conditions. (d) High-resolution XPS C Is spectrum

of the 100% CO, product
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Figure 3 (Color online) Optimization of reaction conditions under 100% CO,. Raman analysis: (a) different Ga—In alloy contents, (b) different light
intensities, (c) different reaction times. Black carbonaceous material: (d) XRD; reaction conditions: 8 wt% Ga-In, 4 W cm2, 24 h, 99.99% CO,
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Figure 5 (Color online) (a) LSV polarization curves of electrodes derived from CO, sources ranging from 100% to ambient air. (b) Tafel plots derived
from the LSV curves. (c) Nyquist plots from EIS measurements. (d) Comparison of overpotentials at 10 mA cm™ between the 100%

CO,-derived carbon electrode and commercial Pt/C catalyst
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Concentrated solar catalytic conversion of CO, to carbon for
the oxygen evolution reaction

Kuikui Zhang'?, Mingkai Yang?, Zeai Huang'*", Hao Tan?, Tong Liu® Yi Liu* & Ying Zhou"*"
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* Corresponding authors, E-mail: zeai.huang@swpu.edu.cn; yzhou@swpu.edu.cn

Direct capture and conversion of carbon dioxide (CO,) from ambient air is an attractive pathway for carbon resource
utilization. However, its practical implementation remains highly challenging because of the extremely low partial pressure
of CO, and the overwhelming presence of oxygen. As a result, most current approaches still rely on energy-intensive pre-
enrichment before conversion. Here, we report a pre-enrichment-free strategy for direct CO, conversion over a wide
concentration range, from pure CO, to ambient air (~400 ppm), using a Ga-In liquid metal system in a concentrated-solar-
driven process.

In this concentrated-solar-driven system, the Ga-In alloy functions as both a broadband light absorber and a thermally
responsive interfacial medium. The absorbed solar energy is converted into localized heat, which promotes interfacial
reactions at the gas-liquid boundary and induces the formation of solid carbon-based products on the liquid metal surface.
The experimental results reveal a clear concentration-dependent evolution of product structure. At high CO,
concentrations, the products are dominated by carbon phases with a relatively high degree of graphitization. As the
CO, concentration decreases and the competitive effect of oxygen becomes more pronounced, the products gradually
evolve into metal oxide/carbon composite structures. In particular, a critical transition region is observed in the 40-80 ppm
range, where the competition between carbon deposition and oxide formation becomes especially evident.

The products obtained under different gas compositions were characterized by Raman, XPS, TEM-EDS, and XRD.
These results collectively indicate that high CO, concentrations favor the formation of graphitized carbon, whereas under
air conditions, the products consist of carbonaceous species coexisting with metal oxides at the interface.

To evaluate their application potential, the as-obtained carbon-based products were directly loaded onto carbon paper and
tested as working electrodes for the oxygen evolution reaction (OER). All CO,-derived samples exhibited measurable OER
activity. Among them, the sample prepared under 100% CO, showed the best performance, delivering an overpotential of
750 mV at 10 mA cm 2, which is comparable to that of commercial Pt/C (752 mV). Although the air-derived sample
showed somewhat reduced conductivity because of its higher oxide content, it still maintained effective electrocatalytic
activity.

Overall, this work demonstrates the feasibility of directly converting dilute atmospheric CO, into functional carbon-
based materials without pre-enrichment and further shows that the derived products can be directly applied to OER
electrocatalysis. These findings highlight the broad adaptability of the concentrated-solar-driven liquid-metal system to
CO, sources ranging from high concentrations to ambient air and provide a new perspective for low-cost, green, and
scenario-flexible carbon cycling.

concentrated solar, liquid metal, CO,, carbon-based materials
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