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> managing 
experimental 
data

What information would need to be 
recorded to make this information 
useful after the student leaves?

What information would need to be 
recorded to make this useful to a 
machine learning algorithm?

What type of cell is this? What are 
the electrodes? What batch are they 
from? Active mass? Where was it cycled? 
What instrument? Cycling parameters? Surface 
area? When was it made? Who made it? When? What 
batch of electrolyte? Was it made in a glovebox? 
Which one? Have other measurements been made on this 
cell? Has this result been repeated with other cells? Is 
there any characterization on the electrodes? On the 
active material? On the electrolyte? What was the temperature 
of the room? Were there any spikes? What does the dV/dQ look 
like? Who “owns” this data?



NiO (from 
collaborator) 

Na2O2 from 
ECO glovebox

Jmas-1-4a

Jmas-1-4b

Jmas-1-4c

Jmas-1-4d Jmas-1-4a_e1
Super P

PVDF

NMP

Na metal 

NaPF6  

PC  

electrolyte

Jmas-4a-e1-c1
Jmas-4a-e1-c2
Jmas-4a-e1-c3

> experimental data is only useful with context
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> motivation
• You are sitting in a conference talk and see some results. You seem to remember that 

an undergraduate in your lab made that compound 3 summers ago and took some 
measurements. Could you pull up their data to compare? How about share with the 
speaker?

• You suspect humidity may be affecting your synthesis. Of all the oxides prepared in your 
group over the past 10 years, do the ones with lower humidity show cleaner diffraction 
patterns?

• A new machine learning model is reported in the literature that allows for prediction of new 
multiferroics based on raw diffraction patterns. How quickly could you apply this model to all 
the diffraction patterns taken in your lab over the last 10 years?

• Someone accidentally caused an oxygen spike in a glovebox. How can I report this and notify 
everybody who has samples in there at that time?
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bottleneck: 
experimental 
data capture

● Non-machine readable data
● Missing connections and 

context between data points
● Missing negative/failed data of 

“dark reactions”
● Non-systematic experiment 

design



> ai4science

Universal, invertible simulators

● Universal MLIPs
● Property/spectra prediction
● Multiscale modelling
● Generative models
● Inverse design 
● Conditional generation
● A “world model” for atoms

AI scientists

● Literature agents/assistants
● Hypothesis generation
● Experimental design
● Synthesis planning
● Multimodal reasoning
● Lab automation and control
● Code generation & steering 

simulations



LLMs & agentic AI

https://metr.org

https://metr.org
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Benchmark saturated?

https://metr.org


● Automating tedious data handling 

● Designing for the (shifting) bottleneck

● Incrementally adoptable

● Enhanced dissemination

● Decentralized serendipity

> datalab datalab-org/datalab

Prof Joshua 
Bocarsly 

(Cambridge ✈ 
UHouston)

Dame Prof 
Clare Grey FRS 

(Cambridge)
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datalab-org/datalab-federation

What is datalab?



What is datalab?

Attaching data to samples

Automated data capture 
from instruments

Internal dissemination and 
analysis

Metadata extraction and 
storage of raw data files

Knowledge generation and 
semantic standardisation



> architecture

datalab-org/datalab



> architecture

datalab-org/datalab



> architecture spaghetti

datalab-org/datalab



> architecture spaghetti “infrastructure”

datalab-org/datalab



> data blocks

Modular support for 15+ characterisation 
techniques (XRD, NMR, imaging, 
electrochemistry, etc.)

Extracting raw data to performing basic 
analysis and indexing metadata

Purposefully simple to add new blocks:

● File loader
● Interactive plot
● Provide out of band information 

(e.g., wavelength)
● Baseline corrections, background 

subtraction, search, QC, 
comparative analysis…

Raman microscopy

Electrochemical cycling

in situ Synchrotron XRD



> whinchat (2023)

Chat interface to individual datalab 
entries or collections

● Stuff structured data from a 
collection of samples into context 
window of an LLM, then 
interrogate “in-context learning”

Jablonka et al, Digital Discovery, 10.1039/D3DD00113J 

https://docs.google.com/file/d/1EAcV0ixHqrv_8NuI6ats3uE3GFFtA_rd/preview
https://doi.org/10.1039/D3DD00113J


> yeLLowhaMMer (2024)
datalab-org/yellowhammer (with Josh Bocarsly & Yue Wu)

Agentic control of datalab API; code 
generation from natural language for end 
user programming with added guard rails

● Can automate complicated (not complex) 
data analysis tasks, e.g.
○ Search/RAG
○ Multimodal/historic data input from 

spreadsheets, physical lab notebooks or 
even video

● Jupyter “magic” %%llm interface reduces 
complexity

● Saves us writing UI workflows for 
complicated features!

Zimmerman et al, Mach. Learn.: Sci. Tech. 
10.1088/2632-2153/ae011a (2025)

https://github.com/datalab-org/yellowhammer
http://doi.org/10.1088/2632-2153/ae011a
https://docs.google.com/file/d/1cjsZcUHKstew21Fuowt4lKpit795DrFp/preview
https://docs.google.com/file/d/1cjsZcUHKstew21Fuowt4lKpit795DrFp/preview


> guiLLeMot (2025)

Wrapping “legacy” tools use for 
semi-autonomous analysis tasks, 
XRD refinement from sample data 
using datalab

Bocarsly, Evans et al., (in preparation)



datalab-org/guiLLeMot

https://github.com/datalab-org/guillemot/
http://www.youtube.com/watch?v=0hpQB-fnDRQ
http://www.youtube.com/watch?v=0hpQB-fnDRQ
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○ Uses existing models with an annotated API and structured tool-calling

● Agent-driven data analysis
○ Generic agents that can use datalab tools as part of a broader workflow including e.g., 

literature data, simulation and other packaged tools
○ datalab provides the substrate to expose your data for interrogation

● Moonshot: “ambient” science
○ Semi-autonomous agents operating internal but accessible data across the datalab federation 

in an exploratory manner, transparently crediting data providers
○ Constructing and disseminating traceable “synthetic” datasets
○ Access across other platforms, ELNs, autonomous labs etc.
○ Now technically feasible, but limited fit with current scientific problems



Mroz et al., Chem Soc Rev (2025) 10.1039/D5CS00146C 

https://doi.org/10.1039/D5CS00146C


Grey Group Datalab pilot: connected, contextualised data from ~5 users in ~3 months
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  150+ 4000+ 10+



> future

● More AI-driven interfaces for datalab 
- AI4Scientists

● Drive scientific use cases and close 
the loop:
○ Robotic labs
○ Automated/offline analysis

● More expressive UIs for collaboration 
(human and agent)
○ Voice, video for future labs

● Decentralised serendipity

➔ Grey group (Cambridge)
➔ Bocarsly group (UHouston)
➔ Cliffe group (Cambridge)
➔ Sun lab (Cambridge)
➔ ConCat lab (TUBerlin)
➔ PSDI Polymers (UK)
➔ Centre for Additive Manufacturing (Nottingham)
➔ 20+ person R&D startup (USA)
➔ 10+ person R&D startup (UK)
➔ Cumby group (Edinburgh)
➔ Materials Research Lab (UCSB/MPI Stuttgart)
➔ Faraday Institution FAST Project (UK)
➔ DIGIBAT (Imperial)
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➔ We will keep the servers running
➔ We will store and backup your research data
➔ We will provide training materials
➔ We will help with user administration tasks

◆ Creating user groups and accounts
◆ Enforcing default data permissions

➔ We create robust deployment rules to make it easier to 
self-host

➔ We will continue to tune and improve datalab for this 
specific project, whilst feeding back into the core “product”

➔ Treat us as a (limited, consumable) resource!

We are a company: datalab industries ltd. (-> cbc.)
https://datalab.industries 

Dr Ben Smith 

Dr Matthew Evans 

https://datalab.industries
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