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1. Introduction

Empowered by advanced automation and cutting-
edge Al techniques, self-driving labs (SDLs) have
revolutionized contemporary scientific discovery,
especially in the optimization and adoption of novel
synthetic methodologies in automated workflows.[1]
For example, Yoshikawa et al. successfully convinced a
long-standing text-book protocol, namely “8” shape
electrode polishing, is unnecessary using a robotic
arm, which is further embedded in ORGANA, a robot
assistant for automated chemistry experimentation
and characterization.[2][3] Meanwhile, SDLs have also
demonstrated their supremacy in discovery in high
dimensional space, as established by their vertune in
high entropy alloy for electrocatalysis. Nevertheless,
most reactions involved are relatively simple, leaving
the utilization of electrochemistry to access
complicated chemical space underexplored. Herein,
we present a combinational effort to populate
machine-readable high quality data for the
development of advanced electrosynthesis from both
original experimental results and published literature.

2. Substantial section

One major challenge in fully leveraging the potential of
modern SDLs is the lack of capability to learn from
resourceful literatures, which are presented as
heterogeneous data scattered across text, tables and
figures. We explored multimodal large language
models (MLLMs) to automatically mine the literature
publications around electrosynthesis. Benchmarking
MERMES-T24 dataset, we evaluate the parsing and
data resolving challenges with MLLMs, which in turn
lead to MERMES (multimodal reaction mining pipeline
for electrosynthesis) toolkit for the end-to-end
analysis and knowledge extraction of
electrochemistry information.

The digitization nature of SDLs with robotics sheds
light on automated, seamless translation in silico
knowledge to reality implementations and backward
data extraction. To assure the accessibility and
tunability of robotic electrochemistry experiments, we
developed an affordable platform based on the
MEDUSA  synthesis engine and homebrew
potentiostat. With modular design and full API control,
we demonstrated unsupervised synthesis and
electrochemistry analysis under the orchestration of
ChemOS 2.0, providing high quality metal complex
voltammetry data with unprecedented volume and
quality.

As a joint effort of both modules, we extended the
capability of our tools beyond generating
homogeneous datasets. Using literature knowledge
informed Al engine for experiment design, we present
preliminary electrochemistry synthesis and analysis
using our automation platform to collect real-world
data for closed-loop electrosynthesis development,
revealing further potentials using generative design
for novel synthetic conditions.

With our modular approach, each component—from
data curation to hardware execution—contributes to
a robust, autonomous workflow. By fusing LLM-
derived insights with state-of-the-art automation, our
platform paves the way for more efficient
electrocatalysis optimization and provides a versatile
framework for future synthetic applications.
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