An Autonomous Platform for ML-guided SAXS/SANS on Liquid Formulations
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Industrial Soft Materials are Multicomponent NistoRoboto: automated liquid handling Application: Detection of Measurement Errors

Using a nanoparticle reference dataset, can we use unsupervised learning to differentiate
Soft materials manufacturing is enabled by navigation of phase measurement errors from useful sample signal?
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Can we map a surfactant micelle phase window?
- Same Data,
E I F I A I Open design allows CTAB 020/NaCl Buff Normal Load Misloads Remgved
- - - i i - o+ aCl Buffer
xample Formulation Application Spaces rapid integration of new ‘ ]
hardware. ! Sodium ©\)L )
R Salicylate (NaSal) <; .
510" 1
. . Biologic Dru Python-based Microservice Software Backend 5
Personal Care Products MRNA Vaccine Carriers 10709 9 y , E \‘
Stabilization Systems oo ] \
Python Script or OT25erver Autopipettor Robot Misloads _ \ R=0.29
Nanoparticle Solution SampleServer S 0
b Battery Electrolytes Jupyter Notebook = 10 N
Syntheses < —— ——
> 10 10"
Engineered FOOd jupyter g q [A_l]
o . Concentrated Monoclonal = e . . g B
Lipid vesicles Antibodies Products (e.g. Plant- y HeTh, B gﬁi =10 3 Repeatability Tests
Based Meat) = B e o
o] e e el CellServer g
o e ———————r—]
HTTP - R
. . . . 10
AlI/ML Widely Used in Inorganic Materials Molar Ratio o
_ NaSal 4 0.15
~ CTAB '
Laser _ 0.12
o [ f A””ea'SK‘ InstrumentServer Molar Ratio - 0.05
e igh t t i : T, T T T
qc) el'gctro;:;glysr:::f:::ﬁi?::r:egllgpplications S (NICE/ Spec/ BIueSky/ I-a bVIEW) - NaSal 10_2 10_1
§ T so0s B o — . CTAB qlA1
Tl s .- One common server framework that auto-discovers SANS/SAXS Inst .
2 = functionality in simple, pluggable Python classes nstrumen
"6: “pature — Compound . . .
; E‘E COMMUNICATIONS u . . ™1 f S
.gg Detector Relf_fr?;'ve Change syringe pump from serial to CANbus: 2 h <:> Ap pl ICatIO n . N e U ral N etS O r Catte rl n g Data
&9 (EIGER 1M) — Implement LabVIEW SAXS support: 3 h
b d hesizable ph | for CO P . .
reduction: a data-driven materials discovery St I oo w/ excellent SURF student Yuki Wang (U. Kentucky) — can a neural net choose the right model?
Arunima K. Singh'2, Joseph H. Montoya3, John M. Gregoire® * & Kristin A. Persson® 35 Direction Sam ple
- ® S
H : Cylinder ~ @ P(model1)
e e o _ _ Teaching Python Chemistry 101 and Mass Balances ' e @ — LA ¢ p(modei2)
= SCIENTIFIC D ATAE: | Significant driver of Al advances in | ‘ o e
: : : : Simplified Script Example . ® P(model11)
OPEN Synthesis, optical imaging, and Inorganic synthesis and processing 7 P e P - P I | eatures Gutput
mesting 3l W - E . . - : = Component (' ',density=1.
ZEgpamomenrron) absorption spectroscopy data for Is the wide availability of standard D20 = Component('D20" density=1.11) :
metal oxiaes salt = Component('salt',mass=1.
poived: 9 October 2018 Helge S. Stein, Edwin Soedarmadji, Paul F. Newhouse, Dan &John M. Gregoire ® data SDSt = gomgonentz'SDS?,mass=1?0?) Core Shelil
‘;::Ip::::h}:r:n::’;lrl\l: 2019 Optical absorption spectroscopy is an important ial ization for applications such as . T T 2 T 3
0.35mL  0.65ml  torget_sotution = Wixture( 120,020,505 sa1¢]) | MTp MTp2 W Top
e e o e e Prot - — targstsolution:set pass firactonsti )
smemmsneiini - CNo equivalent processes in soft rotocot: — o P 020" 10.75, Support
'SDS':0.045,
it o gt et matter. el o 9T Machine
/ \ deck = Deck() # pipettor deck abstraction
deck.add_stock(stock_D20, '3A1") Random
P . t G I deck.add_stock(stock_D20, 'Z:}AZ' 2 - Forest
rojeclt GOoais deck-aud_stock(stock salt, oh1 ) : oo
deck.add_target(target_solution, '1A1')
deck.make_protocol(volume_cutoff=0.03) 0 0.25 05 0.75 1
deck.send_protocol()
. . . - . . Model selection among
1. Enable rr.|ach|ne-gmded, hlgh throughPUt exploratlon of |IC|UId Real Script for Surfactants - top-3 choices is >99.5% accurate Developing expertise in
formUIatlons' : orig_stock_red = NistoRoboto.prep.Mixture.Mixture([D20,CTAB,NaCl]) Crafting ML/AI for SANS
orig_stock_red['D20'].mass = 55.7121%units.g
orig_stock_red['NaCl'].mass = 0.0060%units.g
orig_stock_red['CTAB'].mass = 0.3802%units.g
2. Generate high-quality datasets on soft material liquids. Stock  Stock  Target oria stockyetlon = Histofabat.pren.ixture pixture 020, CTABARCLAasal )
Solution Solution Solution orig_stock_yellow['NaCl'].mass = 0.0063
orig-stock yellow[CTAB' | nass = 8.4055
3. Create a flexible sample environment for nSoft/NCNR user T Ackn OW|edg ments
experiments orig_stock_pink['NaCl'].mass = 0.0339
. \ / (gt oomt ot asal4, 2om Re0.29"
[.;g;?fftemm V<1>1=4°°-°°° me»], PAB was supported by the NIST/NRC fellowship program. This work is supported by the
n u n n 'CTAB=15.19mM NaCl1=184.58mM NaSal=5.78mM R=0.38", . .
4. Expand application space from soft matter into hybrid u (Fipeteaction Vol:00.000 A1 100>, members of the NIST nSoft consortium (nist.gov/nsoft) and by the FY2019 FARSAIT proposal
organic-inorganic functional materials ‘iEggéjiiigiil‘?oﬁ‘aﬁéi}836?33'3 NaSal=6. 50nit R=0.43', call. Beamtime awards at the CHESS Functional Materials Beamline were supported by the Air
ipstteAction Vo1:100.000 342—>106>, Force Office of Scientific Research Materials Support Network at CHESS program.




