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The electrochemical CO
2
 reduction reaction (CO

2
RR) offers a promising route

toward carbon neutrality and the sustainable production of value-added chemicals.

Copper is the only metal that intrinsically produces multi-carbon (C
2+

) products, yet

its catalyst design is hindered by complex C–C coupling mechanisms and sluggish

kinetics
[1,2]

. Recently, a team led by Prof. Daojian Cheng, Prof. Haoxiang Xu, and

Prof. Hao Li reported an artificial intelligence (AI)-agent-guided catalyst design

framework that integrates large-scale experimental and theoretical datasets with large

language model (LLM) training to construct a Catalysis AI Agent [Figure 1]
[3]

. This

agent establishes universal design principles for C
2+

 production in Cu-based

single-atom alloys (SAAs), demonstrating the capability of AI in research planning,

mechanistic generalization, and materials screening.

A key contribution of this work lies in the AI agent’s front-end guidance of the

research workflow. By statistically analyzing the DigCat database
[4]

, the agent

identified that C
2+

 selectivity is governed by the divergence between ethylene and

ethanol pathways, thereby directing theoretical efforts toward the rate-determining

C–C coupling step and reducing redundant calculations. Moreover, the agent
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Figure 1. Intelligent design workflow for discovering Cu-based SAA electrocatalysts for CO2RR toward multi-carbon products. (A)
Experimental data-driven theoretical simulations; (B) Catalysis AI Agent-aided descriptor construction; (C) Application of universal design
principles. Reprinted with permission from [3]. Follow CC BY 4.0 protocol. SSA: Single-atom alloy; SSAs: single-atom alloys; AI: artificial
intelligence; CO2RR: CO2 reduction reaction; DFT: density functional theory; R2: coefficient of determination; RMSE: root mean square error.

exhibited a degree of “chemical intuition”. When the correlation between calculated C–C coupling barriers

and experimental selectivity was weak, it proposed classifying dopants based on their chemical nature as a

prerequisite for establishing meaningful structure–performance relationships. This insight led to the

development of an adsorption-energy-difference descriptor that partitions SAAs into five categories with

clear linear trends. Importantly, the study also demonstrates the transferability of the AI-agent-assisted

design principles. These principles not only rationalize existing experimental observations but also predict

new high-selectivity SAAs and dual-single-atom alloys (DSAAs), and can be extended to rare-earth and

alkali-metal dopants. These results suggest that the AI agent is capable not only of “summarizing existing

rules” but also - to a certain degree - of extrapolative reasoning, which is a critical step toward autonomous

catalyst design
[5,6]

.

The study also highlights current limitations of AI agents. Their cognition is restricted by data coverage and

quality, and they primarily perform correlation discovery and route planning rather than autonomous

scientific reasoning, thus still requiring human verification for physical validity. In this sense, the agent

provides the “what” (e.g., the need to classify dopants), whereas human researchers elucidate the “why” (e.g.,

the distinct adsorption energetics and coupling pathways). The present framework focuses on the C–C

coupling step and treats interfacial electric fields and solvent effects in a simplified manner, which constrains

predictive accuracy under realistic conditions. Under such conditions, interfacial chemistry (such as

hydrogen-bonding networks, local pH, and polarized electric double layers) is crucial, as it can markedly

                                                                                           



Fortunelli. AI Agent 2026, 2, 9 Page 3 of 4

influence the kinetics and mass transport of key steps, including proton-coupled electron transfer. Therefore,

incorporating explicit electrochemical interface models into AI-assisted frameworks is a critical step toward

achieving predictive accuracy under operando conditions. Beyond intrinsic active sites, CO
2
 reduction is also

influenced by electrode structure and reactor construction. Integrating AI-guided descriptors with multiscale

and device-level design can help translate atomic-scale insights into scalable electrode fabrication strategies.

Moreover, an unguided AI agent may overinterpret its findings. In addition to highlighting dopant

classification, the agent also suggested multiple possible influencing factors, including electrochemical

simulation methodologies, microkinetic analyses, and competing side reactions. This further illustrates that

the AI agent operates strictly within the conceptual framework defined by its human collaborators and is

bounded by the data scope and predefined problem settings it is tasked to address.

Overall, this work not only establishes general structure-selectivity relationships for Cu-based SAAs but also

introduces a new research paradigm in which AI becomes a co-designer of scientific strategy. Importantly,

the AI-agent-guided catalyst design principles demonstrated here can be extended to a broader range of

catalytic systems, including Cu-based catalysts with multi-metal or non-metal dopants, as well as reactions

such as C–N coupling. This generality underscores the broad impact of AI agents as transferable tools for

accelerating discovery across diverse catalytic systems. Future developments may couple AI with automated

experimentation to form a self-driving closed loop, incorporate realistic electrochemical environments,

enable multi-objective optimization, and employ active learning to explore vast compositional spaces such as

high-entropy alloys. With the continued development of high-quality data infrastructures and automated

experimentation, this “AI planning-theoretical validation-experimental closed loop” workflow is expected to

shift catalyst discovery from empirical trial-and-error to an AI-accelerated, theory-guided paradigm.
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