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Industrial Soft Materials are Multicomponent Application: Detection of Measurement Errors

AI/ML Widely Used in Inorganic Materials

Example Formulation Application Spaces

Personal Care Products mRNA Vaccine Carriers Biologic Drug 
Stabilization Systems
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Project Goals

1. Enable machine-guided, high throughput exploration of liquid 
formulations.

2. Generate high-quality datasets on soft material liquids.

3. Create a flexible sample environment for nSoft/NCNR user 
experiments.

4. Expand application space from soft matter into hybrid 
organic-inorganic functional materials.

Using a nanoparticle reference dataset, can we use unsupervised learning to differentiate
measurement errors from useful sample signal?

Python-based Microservice Software Backend

Teaching Python Chemistry 101 and Mass Balances

nSoft

https://eng.thesaurus.rusnano.com/wiki/article513

Soft materials manufacturing is enabled by navigation of phase 
diagrams with many components
• Formulations with >10 components common among nSoft members
• Number of phases in >10-dimensional space can be far larger (or smaller)

Need to maintain a preferred place in phase space as formulation 
varies to meet product needs
• A preferred phase is often determined in discovery phase
• Mapping the process window for multicomponent systems requires exponentially 

increasing number of experiments
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Significant driver of AI advances in 
inorganic synthesis and processing 
is the wide availability of standard 
data.

No equivalent processes in soft 
matter.

Application: Neural Nets for Scattering Data
w/ excellent SURF student Yuki Wang (U. Kentucky) – can a neural net choose the right model?

SiO2 Nanoparticles: 
500 patterns in 8 h 
with no interaction!

Principal 
Component 

Analysis

Various 
Clustering
Methods

Good Data

Misloads?
Empty Cell?

Closed Shutter

PCA on 
Good Data

Can we map a surfactant micelle phase window?
CTAB

Sodium 
Salicylate (NaSal)

+ D2O/NaCl Buffer
Normal Load

Misloads

Same Data, 
Misloads Removed

Repeatability Tests

Support
Vector

Machine

Random
Forest

Classifier

Model selection among
top-3 choices is >99.5% accurate Developing expertise in

crafting ML/AI for SANS
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Syringe
Pump

Flow
Selector

Autopipetting
Robot

Sample
Catch

Rack of
Flow Cells

or Capillaries

Flexible, standards-
based, microservice-
driven platform to 
integrate preparation, 
loading, and 
multimodal 
measurement on a 
single platform.

An IoT approach to 
instrument automation.

Integration w/ SANS 
instruments @ NCNR, 
SAXS instruments @ 
CHESS and MSED, 
UV-vis, optical imaging.

Open design allows 
rapid integration of new 
hardware.

InstrumentServer
(NICE/Spec/BlueSky/LabView)

SANS/SAXS Instrument

Autopipettor Robot

Pumps & Flow Control
CellServer

OT2Server

SERIAL

Python 
API

R
W

SampleServer

HTTP

HTTP

HTTP

HTTP

Python Script or
Jupyter Notebook

One common server framework that auto-discovers 
functionality in simple, pluggable Python classes

Change syringe pump from serial to CANbus: 2 h
Implement LabVIEW SAXS support: 3 h

CANbus

Simplified Script Example

Stock 
Solution 

Stock 
Solution 

Target 
Solution 

0.35 mL 0.65 mL

Protocol:

Real Script for Surfactants


