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Abstract
In the current wave of technology driven by artificial intelligence, chemical scien-
tific research is facing unprecedented opportunities and challenges. To promote
the transformation of chemical research paradigms, this article proposes a con-
struction plan for a machine chemist cloud facility. The system collects multi-
channel data to construct databases, develops chemistry knowledge-enhanced
scientific large models, builds robot facility clusters, and constructs intelligent
management and decision-making systems, thereby practicing a new paradigm
of scientific research, substantially improving research efficiency, and solving
scientific problems in end-user applications. This infrastructure is expected to
propel paradigm shifts in scientific research and achieve major scientific break-
throughs in the field of chemistry.
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Abstract

In the current wave of technological transformation driven by artificial intel-
ligence, chemical science research is facing unprecedented opportunities and

chinarxiv.org/items/chinaxiv-202403.00360 Machine Translation

https://chinarxiv.org/items/chinaxiv-202403.00360
https://chinarxiv.org/items/chinaxiv-202403.00360


challenges. To promote a paradigm shift in chemical research, this paper pro-
poses a construction plan for a robotic AI-chemist cloud facility. This system
implements a new scientific research paradigm by collecting multi-channel data
to build databases, developing scientific large models enhanced with chemical
knowledge, constructing clusters of robotic facilities, and establishing an intelli-
gent management and decision-making system. This approach will dramatically
improve research efficiency and solve scientific problems in end-user applications.
This infrastructure is expected to drive paradigm transformation in scientific re-
search and achieve major scientific breakthroughs in chemistry.

Keywords: paradigm shift in chemical research, robotic AI-chemist cloud fa-
cility, artificial intelligence, automated experiments, human-computer collabo-
ration

1. Paradigm Transformation in Chemical Research: Chal-
lenges, Opportunities, and Trends
Chemistry, as a fundamental science, focuses on studying the composition, struc-
ture, and properties of matter, as well as its behavior under different conditions
and interactions with other substances. Experimental and theoretical research
methods complement each other and jointly advance chemical science, which
holds significant importance and broad applications in developing new materials,
exploring new energy sources, and improving biomedical technologies [?]. How-
ever, contemporary chemical research faces formidable challenges as research ob-
jects become increasingly complex and high-dimensional. Current mainstream
research methods rely on exhaustive trial-and-error and variable complexity re-
duction, whose inefficiency and limitations are becoming ever more apparent
[?]. From the atomic and molecular scale to macroscopic applied materials, ma-
terial properties are influenced by various reaction conditions and interactions
[?], making accurate prediction and description difficult. The growing desire to
decode the underlying laws of complex systems from micro to macro scales will
provide crucial guidance for automated synthesis optimization [?], on-demand
inverse design of materials [?], and precise control of biomedical processes [?].
Nevertheless, the bottom-up evolution from fundamental principles—physical
constants, Schrödinger equations, and the periodic table—to complex applica-
tions involves immense complexity and diversity [?, ?], creating a disconnect
between real-world problems and structure-performance relationships. Chem-
ical synthesis still depends heavily on expert experience, falling far short of
intelligent optimization goals. Incomplete data and unclear structure-property
relationships remain major obstacles to inverse design of customized materials,
while the lack of evolutionary information about central dogma processes in
biology limits human understanding of disease mechanisms and the essence of
life.

To actively address these challenges in chemical science, we must innovate re-
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search methods and transform research paradigms. The arrival of the big data
era has ushered in a data-driven research paradigm. Artificial intelligence excels
at exploring relationships among variables in high-dimensional, highly complex
data [?, ?], offering unprecedented opportunities to meet these challenges. Deep
learning and large models, as representative AI technologies, possess capabili-
ties such as learning, adaptability, autonomous decision-making, pattern recog-
nition, and prediction, demonstrating advantages in intelligent decision-making
that surpass human capabilities (Figure 1 [Figure 1: see original paper]). In
2016, DeepMind’s AlphaGo program employed deep reinforcement learning,
combining deep neural networks with reinforcement learning algorithms to ef-
ficiently search and make precise judgments about Go strategies, surpassing
traditional human heuristic search methods [?]. This human-machine compe-
tition in Go became a milestone in AI history, first demonstrating AI’s po-
tential in complex decision-making domains. In 2021, the protein structure
prediction program AlphaFold2 achieved high-precision prediction of protein
3D structures by training on large-scale sequence data based on deep neural
networks and self-attention mechanisms [?], representing a breakthrough with
potential significance for drug design and disease diagnosis. In 2023, the con-
versational model ChatGPT captured global attention by generating language
using Transformer architecture’s self-attention mechanisms and multi-layer neu-
ral networks, continuously iterating its language generation capabilities through
unsupervised learning to enhance human-computer interaction [?]. This repre-
sents breakthrough progress in natural language processing, promising to help
humans obtain information and make intelligent decisions, enabling the emer-
gence of general cognitive intelligence.

Intelligent-driven robotic chemical research has also achieved a series of break-
throughs. In 2022, Cronin’s team at the University of Glasgow developed the
automated robotic system Chemputer, which integrates literature reading, ex-
perimental protocol customization, compound synthesis, and characterization.
It can convert synthesis steps from literature into machine-readable chemical de-
scription languages and store them in internal databases for automatic execution
by robots [?]. Cooper’s team at the University of Liverpool developed a mo-
bile robotic chemist that can efficiently conduct experiments and uses Bayesian
algorithm optimization to analyze existing experimental data and improve ex-
perimental plans. However, Cooper noted that current robots lack a computa-
tional brain, do not utilize existing chemical knowledge, and cannot incorporate
theories or physical models, making Bayesian optimization blind [?]. In 2022,
Jiang Jun’s team at the University of Science and Technology of China devel-
oped an all-round AI-chemist driven by data intelligence, comprising machine
reading, machine computing, and machine experimentation systems. It can
learn from previous knowledge and wisdom, generate physical models and pro-
vide intelligent predictions, and conduct efficient experiments to generate full
lifecycle data. This platform leverages the advantages of machine data being
reproducible, trustworthy, traceable, and alignable, using precise experimental
data to calibrate theoretical pre-trained models, achieving intelligent prediction
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that integrates theory and practice [?].

1.3 Development Trends in Chemical Science Research

The international landscape has shifted dramatically since ChatGPT demon-
strated the feasibility of general cognitive intelligence in early 2023. Within half
a year, the United States, United Kingdom, Canada, Netherlands, Switzerland,
and other countries accelerated investment in developing intelligent scientific
large models as the“brain”for scientific equipment. In 2023, the U.S. updated
its National Artificial Intelligence Research and Development Strategic Plan,
investing substantial annual funding to support research in data science, AI,
quantum information, and other fields [?]. Starting in 2023, the UK also in-
vested in building intelligent innovation workshops that integrate large models,
robotics, and intelligent alliances. In April 2023, Canada added 1.5 billion RMB
in investment to the Acceleration Consortium for large-scale intelligent labora-
tory infrastructure. In July 2023, the Netherlands began building a robotic
chemistry laboratory. In December 2022, Switzerland invested in creating pub-
lic service facilities driven by large models. Machine scientists with chemical
wisdom supporting industrial digitalization have become a reality: in 2022, 60%
of Unilever’s annual R&D budget was used to purchase intelligent synthesis
and testing services from the University of Liverpool’s Materials Innovation
Factory.

In China, we currently lead locally in machine chemist systems covering the
entire workflow of intelligent literature research, research planning, computation,
experimentation, and optimization. However, we urgently need institutional
project deployment in large-scale intelligent laboratories and chemical science
large models to avoid the situation of“starting early but arriving late.”China has
a solid foundation for building robotic AI-chemist cloud facilities, including the
“Zidong Taichu”all-modal large model developed by the Institute of Automation
and Wuhan Artificial Intelligence Research Institute, the “Xinghuo”cognitive
large model developed by iFLYTEK, and over 20 scientific data centers and
intelligent computing centers deployed nationwide by the Chinese Academy of
Sciences.

2. Robotic AI-Chemist Cloud Facility: A New Tool for
Future Chemical Research
The rapid development of AI technology is bringing unprecedented opportunities
and challenges to chemical science research. In the current wave of technologi-
cal revolution and industrial transformation, developing new chemical research
tools that integrate scientific data, AI algorithms, intelligent robots, and cloud
platforms has become an urgent and necessary task. This tool is expected to
solve the long-standing curse of dimensionality and black-box problems of com-
plex giant systems in chemical science innovation, thereby driving disruptive
breakthroughs in high-value chemicals, functional materials, and biochemical
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medicine.

2.1 Concept of the Robotic AI-Chemist Cloud Facility

Traditional research workflows for human chemists typically consist of propos-
ing requirements, reviewing literature, designing protocols, theoretical simula-
tion and experimental validation, extracting theories, and solving practical prob-
lems. In contrast, the robotic AI-chemist cloud facility, encompassing databases,
human-computer interaction, robotic experimenters, chemical workstations, and
a chemical brain, can not only fully cover these processes but also customize
solutions to specific problems through human-computer collaborative systems
(Figure 2 [Figure 2: see original paper]).

Data is a crucial component of modern scientific research and is even more crit-
ical for the robotic AI-chemist cloud facility. By learning from vast amounts of
chemical data in databases, the robotic AI-chemist can acquire previous knowl-
edge and wisdom. Human-computer interaction raises scientific questions, which
are then processed by the chemical brain that integrates scientific large mod-
els to establish physical models and provide intelligent predictions. The system
subsequently generates research protocols, drives efficient robotic experimenters,
chemical workstations, and intelligent computing servers to produce high-quality
experimental and theoretical simulation data. This data feedback optimizes
the scientific large models, forming vertical domain application models to solve
specific scientific problems. Its unique advantage lies in efficiently integrating
data knowledge, continuously adjusting theoretical and experimental designs,
and achieving full-process intelligent deduction. Currently, the University of
Science and Technology of China has successfully developed the world’s first
all-round AI-chemist driven by data intelligence, providing a technical founda-
tion for aggregating multi-disciplinary methodologies, integrating multi-domain
knowledge logic, coupling the wisdom of chemical scientist communities, and
reducing experimental workload.

2.2 Significance of Building the Robotic AI-Chemist Cloud Facility

The robotic AI-chemist cloud facility integrates deep learning and scientific large
models into experimental robotic hardware, providing a technical foundation
that will accelerate experimental design and data analysis processes, enhancing
the efficiency and accuracy of chemical science research. Currently, multiple
countries including the US and UK are accelerating investment in developing
robotic research tools equipped with scientific large models. The intelligent field
is characterized by“winner-takes-all”dynamics with almost no late-mover advan-
tage; only by seizing the initiative and mastering advanced research tools first
can China avoid being constrained in the new round of technological revolution.
Therefore, capitalizing on China’s leading position in self-developed robotic
chemists and building the robotic AI-chemist cloud facility can prevent China
from being “choked”in basic research tools for the new paradigm of intelligent
chemical research and help seize advantageous positions in the field.
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The facility will also generate positive spillover effects across society, promoting
industrial digitalization and productivity gains, and potentially catalyzing a new
round of industrial transformation. Overall, the robotic AI-chemist cloud facility
holds tremendous and far-reaching significance for enhancing China’s compet-
itiveness in scientific and technological innovation and ensuring leadership in
emerging technology fields, positioning China to achieve greater development
and breakthroughs in the global new round of technological revolution.

3. Robotic AI-Chemist Cloud Facility: Layered Architec-
ture
Through the mutual confrontation and collaborative evolution of scientific large
model predictions and intelligent robot empirical validation, we can create a
robotic AI-chemist cloud facility with chemical scientific intelligence that drives
paradigm transformation and produces major scientific breakthroughs.

3.1 Chemical Science Database

In the data-driven research paradigm, effective integration and utilization of
scientific data are the core drivers of innovation. However, current scientific
data generally suffer from non-uniform standards, uneven quality, and relative
isolation of multi-source data, limiting data-based chemical science research.
Therefore, there is an urgent need to break data silos and integrate theoretical
and experimental data from different sources to build an AI-enabled chemical
science database with multi-disciplinary knowledge and multi-modal data. This
will provide a solid data foundation for intelligent development in chemical sci-
ence.

The chemical science database will embed AI models and integrate literature
data, theoretical data, and experimental data, including four key aspects: (1)
Chemical science domain data aggregation: Integrate data resources from
various institutions, utilizing multi-modal data from scientific literature (text,
tables, images) and large amounts of fundamental physicochemical data on
chemical molecules and materials generated by first-principles simulations. Si-
multaneously, establish experimental data collection channels and national stan-
dards to enable automatic collection and rapid aggregation of standardized data.
(2) Scientific literature machine reading tool construction: Through
cleaning, screening, and annotation of corpus data from scientific journals, text-
books, and question banks, obtain high-value general-domain pre-training cor-
pora and chemical science domain pre-training corpora. Use deep mining tech-
nology to extract computational and experimental data from literature content.
(3) Data curation and high-quality database construction: Annotate
pre-training corpora, compile computational and experimental data from liter-
ature, and conduct data classification and quality assessment. Develop data
discrimination and quality scoring techniques based on interpretable models to
intelligently clean data. (4) Knowledge embedding and knowledge graph
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construction: Use mapping relationship analysis to build association models
and establish chemical science knowledge graphs including structure, properties,
and evolutionary correlations. Guide multi-modal data fusion through knowl-
edge graphs to build unified, efficient, scalable, and clearly structured data stor-
age formats. Use pre-trained models and other tools to embed knowledge graphs
into chemical science large models, enhancing knowledge utilization efficiency.

3.2 Scientific Large Model

Current neural network-based large models suffer from core issues such as low
reliability in predictions, insufficient depth in logical reasoning and semantic
understanding, and weak interpretability and debuggability, resulting in poor
performance in chemistry applications where high accuracy is required. To
address these problems, we need to develop scientific large models based on
mathematical logic, deeply integrating data-driven neural network models with
knowledge-driven symbolic logic reasoning engines for application in intelligent
science fields including mathematics, chemistry, and physics.

The scientific large model framework proposed in this study focuses on devel-
oping a knowledge-driven reasoning engine built upon domain ontologies and
knowledge bases, connected to databases and potential databases to simulate
human cognitive reasoning and decision-making capabilities, thereby compensat-
ing for defects in reliability, interpretability, and debuggability of large models.
By integrating knowledge graphs and chemistry-aware knowledge enhancement
algorithms, the scientific large model incorporates expert chemical knowledge
and understanding, utilizes characteristic chemical descriptors, and creates clear
AI algorithms based on chemical principles to solve complex challenges such as
large-scale screening and strategy optimization, ultimately building a machine
scientist brain with “chemical wisdom.”Based on user requirements, it designs
experimental protocols and operational workflows, analyzes experimental data
in real time, adjusts intelligent models, and continuously feeds back to optimize
experimental plans, achieving automatic decision-making and optimization of
experimental protocols and processes.

3.3 Robotics Platform

The robotics platform will provide efficient and precise experimental and data
processing solutions, including four specific aspects: (1) Fully automated
high-throughput research system based on microchannel continuous
flow: The system aims to conduct important organic chemical reactions and
key functional material synthesis with precision, automation, and high through-
put, requiring solutions to multi-domain technical problems and integration
of multiple key functional subsystems including multi-channel reactant auto-
matic switching, microchannel continuous flow reaction, product collection and
post-processing, online detection and automatic sampling, chromatographic in-
terfaces, reaction temperature control, master control, and human-computer
interaction systems. (2) Function expansion of fully automated high-
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throughput research systems: To ensure reliability of high-throughput ex-
perimental results, each subsystem is equipped with redundant sensors com-
bined with visual recognition technology for real-time feedback and automatic
screening of abnormal data. Researchers only need to prepare reactant libraries
and input reaction matrices, and the system will complete experiments, post-
processing, and detection, batch-outputting data. Future expansion of research
scope can be achieved by adding subsystems and functional modules to complete
more complex post-processing and detection analysis. (3) Mobile manipula-
tion robots for fully autonomous experiments: Design hardware and soft-
ware integration of six-degree-of-freedom robotic arms with omnidirectional mo-
bile chassis; develop visual perception algorithms for laboratory environments,
as well as dexterous control methods with high-precision visual guidance and
real-time force feedback; research high-precision positioning and mapping meth-
ods using multi-modal data, and develop dynamic obstacle avoidance algorithms
and task management systems to achieve fully autonomous experiments with
mobile manipulation robots. (4) Full-process intelligent chemistry labora-
tory: Develop proprietary automatic encapsulation machines, liquid automatic
dispensing workstations, and electrochemical automation testing workstations,
while designing fully autonomous mobile manipulation robots, high-throughput
experimental platforms, collaborative control systems for experimental equip-
ment, and full-process task scheduling systems to build a full-process intelligent
chemistry laboratory integrating chemical synthesis, spectroscopic characteriza-
tion, and performance testing (Figure 3 [Figure 3: see original paper]), achieving
full-scenario coverage of chemical research.

3.4 Intelligent Management Decision System

The intelligent management decision system is the intelligent chemistry cloud
platform, comprising the robotic AI-chemist instruction set, operating system,
and federated learning algorithm system, enabling the robotic AI-chemist to
conduct transfer learning across different experimental tasks and laboratories,
ultimately building a standardized intelligent chemistry laboratory at the cloud
platform level (Figure 4 [Figure 4: see original paper]).

The instruction set includes standardization of four components: interface func-
tions, communication protocols, equipment specifications, and data standards,
to support alignment of data from different sources and achieve interconnec-
tivity. The operating system features a friendly human-computer interaction
interface, clear business workflows, and intuitive data visualization, helping re-
searchers break free from physical space constraints to conduct experiments,
simulations, and data analysis remotely, while facilitating overall system ex-
perimental task scheduling and resource allocation. The core of the federated
learning algorithm system is “data stays, models move,”enabling data sharing
between different users and laboratories while ensuring data privacy and secu-
rity. By publishing standard specifications for intelligent chemistry laboratories,
the system enables cloud-based sharing of databases and AI models. This sys-
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tem aims to achieve intelligent management and decision-making, promoting
operational efficiency across different laboratories.

4. Conclusion: Transforming Chemical Research Through
the Robotic AI-Chemist Cloud Facility
The first two “carbon-based”industrial revolutions represented by steam en-
gines and electric motors helped humans break through “physical”limitations,
while the third“silicon-based”information technology revolution represented by
computers helped humans break through “computational”limitations. The in-
telligent era has arrived, and the fourth general intelligent industrial revolution
that breaks through human“cognitive”limitations is imminent. In response to
this era, the chemical science database, scientific large model, robotics platform,
and intelligent management decision system of the robotic AI-chemist cloud fa-
cility will collectively liberate human researchers from limitations of “memory,
physical capacity, computational power, and cognitive ability,”breaking knowl-
edge barriers, spatial constraints, and disciplinary boundaries in the research
process. By intelligently connecting individual researchers and substantially en-
hancing their research capabilities, the facility will comprehensively transform
China’s chemical science and even entire material science research paradigms.
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