
AI: the brain in a jar

AI is great at interpreting data but less 
good, so far, at coming up with entirely 
new concepts by itself. In some scientific 
research areas, we can apply AI to large, 
pre-existing datasets. In the physical and 
life sciences, the most influential example 
to date of AI-led research is AlphaFold, 
an AI system developed by Google 
DeepMind that accurately predicts the 3D 
structures of proteins from their amino 
acid sequences, which has applications 
within medicine. 

This work was recognised by the 2024 
Nobel Prize in Chemistry1 2 but AlphaFold 
did not result from AI alone. AlphaFold 
was built on earlier advances in 
computation and structure prediction3, 
and relied on a huge experimental 
dataset of measured and predicted 
protein structures, built at great cost, to 
train the AI mode – it did not learn 
protein structure for free. Also, these 
protein data were open and publicly 
available: without this, AlphaFold would 
have been impossible to create4.

However, not all experimental data are 
open. Industry tends not to share its data 
in commercially competitive sectors. 
While greater data sharing could be 
facilitated by privacy enhancing 
technologies5, there are some inherent 
limitations. For example, you cannot 
learn how the properties of a molecule or 
material correlate with its structure if you 
anonymise its structure because of 

commercial sensitivity. Additionally, even 
the biggest multinational companies 
might not possess datasets that are large 
enough to draw general conclusions 
using AI. Again, AlphaFold was based on 
a global effort involving 200 million 
openly available datasets, focussing on a 
narrow, albeit highly important, 
problem4.

For the R&D needed to tackle other key 
societal challenges, the training data 
required to build AI models do not yet 
exist. Society needs new materials, for 
example to combat climate change, with 
new properties that do not exist today6. 
There are no training data available for 
these hypothetical materials – they must 
first be made in a laboratory. By itself, AI 
is not a panacea, especially in commercial 
areas, where datasets are not open, and 
in emerging areas of science, where few, 
if any, datasets exist. 

Policy makers should recognise that 
science is not conducted ‘in the cloud’ – 
it is carried out in laboratories – and 
without strong and effective ways of 
coupling AI with our laboratories, we risk 
building a ‘brain in a jar’.

Integrating AI with laboratory 
science

The rapid rise of open-source AI 
software, including software produced by 
large organisations such as Google and 
Amazon, has created a global uplift in AI 
capability7. This ‘democratisation’ of AI 

raises an important question: if everyone 
has it, how does the UK create a 
competitive advantage using AI for R&D?
How do we capture the resulting value?

In the development of new scientific 
technologies, hard experimental data has 
always been the driving power. The 
advent of widespread AI will escalate, 
rather than lessen, the importance of 
hard data. For example, AI can make it 
possible to leapfrog rapidly from a new 
scientific discovery toward a commercially 
viable product, even if that initial 
discovery was not made using AI. 

For now, at least, AI is geared more 
toward pattern spotting and fast 
optimisation, rather than genuine 
creativity. Therefore, these precious 
breakthrough discoveries become even 
more valuable – and potentially transient 
– in an era where technology 
development is accelerated worldwide. 
This creates both an opportunity and a 
threat for the UK. 

Scientific breakthroughs can be amplified 
by AI and developed much faster than 
before, presenting a UK opportunity. 
Conversely, AI will make it easier for 
other nations to capitalise rapidly on UK-
led innovation, exacerbating a challenge 
that predates AI. Scientific R&D is not like 
social media: in many areas, the 
commercial and societal value lies in 
physical products of that R&D, not the 
data produced along the way.
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For these reasons, it would be a mistake 
for the UK to focus solely on AI capability 
– this could create the ‘brain in a jar’ 
scenario where the training data do not 
exist. However, there is huge competitive 
advantage in investing in the capability to 
produce experimental data more rapidly 
and integrating this tightly with emerging 
AI technologies (Figure 1), as we have 
done in the Materials Innovation Factory 
in Liverpool. 

The most competitive long-term strategy 
will be to achieve this integration at the 
grass roots level in custom-designed 
facilities, rather than seeing AI as a 
sticking plaster that can be post-applied 
to existing laboratories, though there are 
some initial quick wins there, too. 
Governments, universities and industry 
should build this into their long-term 
R&D plans. 

Indeed, almost all R&D-intensive 
industries already have their own ‘lab of 
the future’ programmes, although some 
are mostly conceptual so far. Having 
spoken to the leads of many such 
programmes, I see huge commonalities 
between different industry sectors, both 
in terms of the drivers and the perceived 
barriers to implementation. For one 
thing, the breakneck pace of AI and 
robotics development means that all ‘lab 
of the future’ programmes are shooting 
at a rapidly moving target.

Unleash the data-bots!

In the Materials Innovation Factory at the 
University of Liverpool, we addressed the 
challenge of fast experimental data 
creation by building the world’s first 
‘mobile robotic chemist’8 9. Inspired by 
global net zero targets, this robot was 
built to search for clean energy catalysts, 
carrying out autonomous experiments 
over the course of days or weeks (see 
videos in reference 8). 

The robot performed experiments at a 
rate that was at least 200 times faster 
than a human researcher8 – effectively, 
doing a PhD in a week – while using an 
AI algorithm to decide which experiments 
to do next, without any human 
intervention. In an eight-day, 24/7 
continuous search, the autonomous 
robot discovered a catalyst that was six 
times better than the composition that 
we started with. This is the tightest 
possible coupling of AI with experimental 
R&D, and the embodiment of the scheme 
in Figure 1: that is, the AI updates its 
beliefs around the clock, folding in new 
experimental data as soon as they are 
obtained, before telling the robot what 
to do next, based on initial ideas and 
targets set by a human research team. 

From a scalability perspective, this 
approach leverages the rapidly declining 
cost of industrial robotics10. Moreover, 

essentially all scientific R&D equipment is 
designed to be used by human 
researchers, and this represents an 
enormous installed capital base 
worldwide. Likewise, all laboratories are 
built to a human scale. The use of an 
anthropomorphic, roughly human-sized 
robot scientist (Figure 2) means that we 
have a drop-in solution that can be used 
in existing facilities, sharing key 
equipment with human researchers if 
needed11. 

This robotic approach is applicable to 
multiple R&D sectors, just as industrial 
robots have already found applications in 
multiple manufacturing sectors. For 
example, we already have examples in 
pharmaceutical research11 and consumer 
products. As well as greatly accelerating 
existing R&D, this technology will also 
allow companies to tackle high-risk, high-
reward goals where current 
methodologies are just too slow to justify 
the time and resource commitment.

Researchers at the University of Liverpool 
are also working to make these robots 
smarter with more advanced AI. For 
example, we are researching agent-based 
methods where AI can make more 
nuanced interpretations of laboratory 
measurements11, reason about chemical 
composition12, and fold human scientific 
hypotheses into the optimization loop13, 
with the long-term aim of building a 

Figure 1: Competitive progress in 
scientific R&D cannot be solved by AI 
alone

Figure 2: The mobile robotic chemist developed at the University of Liverpool – 
a physically-embodied AI agent for laboratory R&D problems 
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The UK needs to tightly integrate cutting-
edge scientific ideas (bottom left quadrant, 
clockwise) with AI and robotics, underpinned 
by teamwork and capability sharing across 
sectors, as in the Materials Innovation 
Factory at the University of Liverpool. Image credit: Filip T. Szczypinski.
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hybrid intelligence that combines the 
best aspects of AI and human reasoning. 

Our aim is not to replace human teams 
with AI – indeed, the premium on human 
scientific creativity has never been higher 
than today. Rather, we see AI as a tool 
that will allow the UK to develop new 
scientific discoveries on a timescale that is 
competitive with global challenges such 
as climate change and net zero. 

The Materials Innovation Factory

Our vision of directly coupling AI to 
robotic R&D laboratories (Figure 1) is 
applicable both to university and 
industrial research programmes. A live 
example of this is the Materials 
Innovation Factory (MIF) that we 
established at the University of Liverpool 
in 2017. The MIF is a globally unique 
facility that is shared by both academic 
and industry researchers. Our key partner 
Unilever filed 200 patents between 2020 
and 2022 based on data generated at 
MIF, and they invested more than €100 
million in this innovation hub in the 
three-year period 2020–202314. What’s 
more, the MIF was highlighted in a 
recent paper by the Tony Blair Institute 
for Global Change as a national strength 
for the UK15. The MIF is also one of the 
co-leads in the EPSRC-funded £12 million 

AI for Chemistry Hub, AIchemy, which 
aims to catalyse the use of AI in 
chemistry in the UK16.
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The Materials Innovation Factory at the University of Liverpool – a unique space that is shared by industry and 
university researchers with a common interest in using AI and robotics to find better materials
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