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Introduction: Autonomous Platforms



Introduction: Advantages of Autonomous Platforms

Why develop autonomous platforms?
Benefits 

• Cheaper, faster, greener

• Enhance the capabilities of 
the researcher

• Remove labor-intensive part

• Easier to solve complex problems
with AI-guided algorithm

• Increase reproducibility

•  Discovery of new compounds 
and formulations

Autonomous Platforms

Conventional Experiment



Introduction: Advantages of Autonomous Platforms

Closed-Loo
p

Which fields have autonomous platforms been used?
Chemical Synthesis 

Materials Science

Catalytic reaction, Photoredox reaction, 
electrochemical reaction, etc.  

Metal nanoparticle synthesis, quantum dots, etc. 

Nanomedicines

Lack of detailed study in nanomedicines

Nanoparticle Drug Delivery Systems
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Introduction: Nanoparticle Drug-Delivery Systems



Introduction: Challenges in Conventional DDS (example of Liposome)
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Challenges for development of Autonomous Platform in Nanoparticle DDS?



Introduction: Challenges in Conventional DDS (example of Liposome)

Challenges for development of Autonomous Platform in Nanoparticle DDS?
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Introduction: Challenges in Conventional DDS (example of Liposome)

Challenges for development of Autonomous Platform in Nanoparticle DDS?
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• Long processes
• Multiple steps 🡪 hours scale

• Hard to automatize
• Challenging to integrate

Time Operation 



Introduction: Challenges in Conventional DDS (example of Liposome)

Challenges for development of Autonomous Platform in Nanoparticle DDS?
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Drug LoadingGenerally off-line analysis instruments 🡪 not suitable for automation

Data Acquisition



Introduction: Challenges in Conventional DDS (example of Liposome)

Challenges for development of Autonomous Platform in Nanoparticle DDS?
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How to address the challenges for construction of a self-driving platform?

Optimization and Discovery



Introduction: Autonomous Integrated Platform

Challenges for development of Autonomous Platform in Nanoparticle DDS?
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How to address the challenges for construction of a self-driving platform?

Optimization and Discovery



Research Overview

Challenges for development of Autonomous Platform in Nanoparticle DDS?



Module 1: Automated Nanoparticle Synthesizer

Challenges for development of Autonomous Platform in Nanoparticle DDS?



Module 1: Automated Nanoparticle Synthesizer
Without Drug Encapsulation

120 Experiments
Total Time: 4 h

Liposome
Nanoparticles Overall Data Obtained



Module 2: Purification Module
Challenges for development of Autonomous Platform in Nanoparticle DDS?



Module 2: Purification Module
Challenges for development of Autonomous Platform in Nanoparticle DDS?

1 Small Scale Flow Dialysis Module🡪 For Characterization
Multi-Buffer Injector (MBI) 

� Separation of the drug-loaded nanoparticles from free “unencapsulated” drugs
� Use of a detergent for disrupting nanoparticles (MeOH for Liposome case)
� Flowrate of 75 μL/min (retention time of 10 mins)
� RC Membrane (12 KDa), DI water instead of PBS buffer for rapid removal

 



Module 2: Purification Module
Challenges for development of Autonomous Platform in Nanoparticle DDS?

1 Small Scale Flow Dialysis Module🡪 For Characterization
Multi-Buffer Injector (MBI) 

� The most important factor for the performance of MBI 🡪
removal of the free Drug (DOX)

� Injection of DOX with different concentrations
  

� In-line UV-Vis at the end of the line checking the removal 
rate for each case (>95% acceptable)

 



Module 2: Purification Module
Challenges for development of Autonomous Platform in Nanoparticle DDS?

1 Small Scale Flow Dialysis Module🡪 For Characterization
Multi-Buffer Injector (MBI) 

� Evaluation of the membrane Fouling by continues DOX
injection (CDOX = 0.3 mg/mL)

� Efficient continues performance of the module for more
than 30 mins (Removal > 95%)

 



Module 2: Purification Module
Challenges for development of Autonomous Platform in Nanoparticle DDS?

1 Small Scale Flow Dialysis Module🡪 For Characterization
Multi-Buffer Injector (MBI) 

� Washing the membrane sequentially after injection of
the sample (wash solvent: Ethanol) for  around 400 
mins 

� In-line UV-Vis to measure the state of the washing 
[Sample 🡪 Wash 🡪 Sample 🡪 Wash 🡪 ….] 

 



Module 2: Purification Module

Challenges for development of Autonomous Platform in Nanoparticle DDS?

Challenges for development of Autonomous Platform in Nanoparticle DDS?

2 Large Scale Flow Dialysis Module🡪 For Large Scale Production
High-Throughput Flow Dialysis Module (HTFD)

• Sample RT : 10 ~ 25 min
• PBS stirring RPM : 300
• PBS circulation : 2.5 L/min



Module 2: Purification Module
Challenges for development of Autonomous Platform in Nanoparticle DDS?

2 Large Scale Flow Dialysis Module🡪 For Large Scale Production
High-Throughput Flow Dialysis Module (HTFD)

Calibration Curve for 
Automatic Retention Time Selection  

Sample With Specific Volume %
Of Ethanol (Antisolvent) 

Retention Time Required
for Complete removal of the 

Ethanol from Sample



Module 3: Characterization and Optimization Module
Challenges for development of Autonomous Platform in Nanoparticle DDS?



Module 3: Characterization and Optimization Module

Global Black-Box Optimization Algorithm



Integrated Platform



Integrated Platform: Time and Sample Efficiency Time Consumption for Upstream and Overall System

Sample Efficiency

Initial Decision

~3 mL/Experiment



Robustness

� Trial 1 and Trial 2 with three different 
samples and 6 hr of time gap

� Size, EE, and ELC measured for 
each sample in Trial 1 and Trial 2

� Evaluation of how robust system
can perform over a long system pause

� Target 1: 100 nm, Target 2: 150 nm
Target 3: 70 nm

AI-Base Autonomous Experimentation: Size Targeting

Performance Evaluation: Liposome 

User-Defined 
Sizes



Performance Evaluation: Polymeric Nanoparticles (PEG:PLGA)

EEmax = 88 
%

Sizemin = 98 
nm


