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Introduction In this work we propose an approach fo-
cused on LLE process optimization that lever-
ages computer vision for analysing multiple vis-
ual cues and flexible automation for enabling
rapid reconfiguration during the platform de-
velopment. The self-driving lab (SDL) platform
was developed in partnership with Bristol My-
ers Squibb (BMS) and two SDL groups in the Ac-
celeration Consortium, namely the organic
chemistry lab (SDL2) at the University of To-
ronto and the scale-up lab (SDL7) at the Univer-
sity of British Columbia. This new tool enables
both optimization and deeper understanding of
process characterization parameters for LLE
such as purity, yield, and sustainability. Beyond
improved screening, the platform can enable
testing for scalability and transferability of LLE
conditions for broader applications, while its
modularity allows for reconfigurability and
adaptability of the developed workflows and in-
strumentation.

Automating the optimization of process
chemistry workflows can dramatically acceler-
ate the industrial deployment of new chemis-
tries. However, current robotic and automation
solutions tend to be rigid, cost prohibitive, and
require highly trained personnel to operate.
Furthermore, there are still no standardized ap-
proaches for transferable solutions to various
unit operations, particularly in the process pu-
rification space. Specifically, liquid-liquid ex-
traction (LLE) is an essential and ubiquitous
post-reaction unit operation implemented for
enhanced purity in several small molecule
chemical transformations. The understanding
of process parameters and the optimization of
extraction conditions is an extremely time- and
labour-intensive task, often considered non-in-
novative. Recent advances in high-throughput
experimentation and automated LLE platforms
have primarily focused on accelerating screen-
ing processes to identify promising extraction
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relies on a custom com-
puter-vision (CV) model,
inspired by HeinSight
[5], designed to interpret
visual cues from the
sample in real time, both
during the stirring and
separation stage of the
extraction. The model
tracks, analyses, and
quantifies visual indica-
tors, providing real-time
feedback for scoring and
decision-making, Figure
2. The CV model output is
not only used to deter-
mine the number and the
quality of the layers, but also their volume and
inform the mobile liquid handler by adjusting
the sampling depth. This ensures more reliable
operations and allows for variations in volume
fractions and samples compositions. Further-
more, instead of relying on predefined time-
based actions (e.g., fixed time for phase separa-
tion prior to sample the layers), the system can
adapt based on observable conditions (e.g., wait
until separation is achieved) which can be used
to inform how long to stir the sample for and
determine its split time. By mimicking expert-
level assessments, the system ensures reliable,
autonomous operation without the need for
constant human oversight. The latter decision-
making point concerns the analytical tracking
and quantification of components’ partition in
the different layers, if the extraction was suc-
cessful, enabling the acquisition of knowledge
associated with mass-balance and impurity re-
jection.

Finally, to ensure long-term use of the
platform, the source and execution code were
built with modularity and usability in mind,
where operations mimic those found in a stand-
ard operating procedure. This, coupled with a
hardware-agnostic user interface, IvoryOS [6],
enables lowering the barrier of entry for the im-
plementation and use of the platform by non-
experts and new users. Collectively, these fea-
tures shift the chemist’s role from hands-on ex-
ecution to oversight and innovation, aligning
with prioritization of efficiency, cost reduction,
and resource saving. The team has also demon-
strated dynamic adaptability of the automation
modules by deploying parallel SDL platforms on
collaborative sites. Outcomes from this project
approach augment cross collaborations be-
tween research groups, protocol and workflow
exchange, as well as help fostering academia-
industry partnership.
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Figure 2 Example
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