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1.  Introduction 

Bayesian optimisers have been used to assist 

chemists in the exploration of chemical spaces 

(Burger et al., 2020). However, they tend to 

struggle with complex high dimensional spaces. 

Our previous work demonstrated by providing 
domain knowledge they can be utilized to work 

with such problems, which helps to guide the 

optimiser to search within promising sub-

spaces.(Cissé et al., 2025, 2024) 
 

Herein we demonstrate the utility of using large 

language models (LLM) to incorporate domain 

knowledge, performing a closed-loop chemistry 

experiment using our mobile robotic workflow.  

As far as the authors are aware, this is the first 

demonstrated real world experiment with such 

a high dimensional search space optimised with 
Bayesian optimisation. 

3. Substantial section 

The robotic workflow consists of a mobile robot 

to transfer samples between various stations 
(see fig 1) to perform photolytic hydrogen pro-

duction. A python script sets up a server to mon-

itor the progress of the experiment, and to up-
load the outcome of the experiment to a web ap-

plication. The web application allows for users 

to query the results of the experiments and per-

forms the calls to the LLM to reason on the out-

puts and to suggest logical points for query on 

the workflow. The web application then down-

loads the proposed experiment and converts it 

to a format for the workflow to process and run.   

3.1 Related work 

Previous experimental work (Burger et al., 
2020) was performed with ten-dimension 

search space with an naïve Bayesian optimiser. 

Our previous publication regards to the opti-

miser was demonstrated with various simu-
lated models with up to fifteen-dimension 

search space. 

 
Fig. 1: (Top) Photo of the mobile robotic work-

flow (Bottom) Layout of the mobile robotic 
workflow, rotated 90° clockwise with reference 

to the photo 

Acknowledgments 

Q. J. Y. received funding from the Engineering 

and Physical Sciences Research Council (EPSRC: 

grant EP/V026887/1) A.C.  and M. Z 

acknowledge financial support from the Lever-

hulme Trust via the Leverhulme Research Cen-
tre for Functional Materials Design. Z. X. 

acknowledges the financial support from China 

Scholarship Council (CSC) The authors also 

acknowledge the AI for Chemistry: AIchemy hub 
for funding (EPSRC grant EP/Y028775/1 and 

EP/Y028759/1). A. I. C thanks the Royal Society 

for a Research Professorship 

(RSRP\S2\232003).  

References 

[1] Burger, B., Maffettone, P.M., Gusev, V.V., 

Aitchison, C.M., Bai, Y., Wang, X., Li, X., Al-

ston, B.M., Li, B., Clowes, R., Rankin, N., 

Harris, B., Sprick, R.S., Cooper, A.I., 2020. 

A mobile robotic chemist. Nature 583, 237–

241. https://doi.org/10.1038/s41586-020-

2442-2 
[2] Cissé, A., Evangelopoulos, X., Carruthers, S., 

Gusev, V.V., Cooper, A.I., 2024. HypBO: Ac-



AI4X – Accelerate Conference 2026, Singapore, 16–19 June 2026 

celerating Black-Box Scientific Experi-

ments Using Experts’ Hypotheses, in: Pro-

ceedings of the Thirty-ThirdInternational 

Joint Conference on Artificial Intelligence. 

Presented at the Thirty-Third International 
Joint Conference on Artificial Intelligence 

{IJCAI-24}, International Joint Conferences 

on Artificial Intelligence Organization, Jeju, 

South Korea, pp. 3881–3889. 
https://doi.org/10.24963/ijcai.2024/429 

[3] Cissé, A., Evangelopoulos, X., Gusev, V.V., 

Cooper, A.I., 2025. Language-based bayes-

ian optimization research assistant 

(BORA), in: Kwok, J. (Ed.), Proceedings of 

the Thirty-Fourth International Joint Con-
ference on Artificial Intelligence, IJCAI-25. 

International Joint Conferences on Artifi-

cial Intelligence Organization, pp. 4967–

4975. 
https://doi.org/10.24963/ijcai.2025/553 

 


