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Basics of the CMU cloud lab
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Symbolic Lab Language (SLL)

the “heart” of the cloud lab

1. find a 100 mL

ExperimentSamplePreparation]

volumetric flask & (

label it LabelContainer]
Label -> "ChemSeminar: 5% NaCl",
Container -> Model[Container, Vessel, VolumetricFlask, "100 mL Glass Volumetric Flask"]

¢
Transfer]|
2. transfer 59 of Source -> Model[Sample, "Sodium Chloride"],

NaCl into the Destination -> "ChemSeminar: 5% NaCl",

container (solid Amount -> (5 * Gram)
P

transfer protocol) S T
Sample -> "ChemSeminar: 5% NaCl",
TotalVolume -> (100 * Milliliter),
Solvent -> Model[Sample, "Milli-Q water"]

3. fill to volume
with water

A code snippet to make a 5% NaCl solution in the cloud lab



SLL is all you need (?)

7
ExperimentSamplePreparation
\
4
ExperimentDNASynthesis
&) \
ExperimentSamplePreparation| f
et ExperimentTotalProteinDetection
V he >v”ChemSeminar: 5% NaCl", L
Container -> Model[Container, Vessel, VolumetricFlask, "100 mL Glass Volumetric Flask"]
1, : -
Transfer :
Sour;e = I””todel[Sanmlml“Sod'Lum Chloride"], ExperlmentHPLc
Destination -> "ChemSeminar: 5% NaCl",
Amount -> (5 * Gram) S
Il
F1l1lToVolume[ (
Sample -> "ChemSeminar: 5% NaCl", o
Tot;{\/olur’neco ?1@@ ; [‘»"I'L?li'gi’[er)ﬁ ExperlmentNMR
Solvent -> Model[Sample, "Milli-Q water"] \
7
ExperimentMeasureViscosity
\
4
and more..
\

https://www.emeraldcloudlab.com/documentation/



https://www.emeraldcloudlab.com/documentation/

Hansen solubility parameters (HSPs)

[ 5D: Dispersion

N

| (van der Waals) |

6P: Polarity

| (dipole moment) |

bonding

[ S5H: Hydrogen ]

the Hansen space

like dissolves like | like seeks like

every material can be represented with a set of
(6D, 6P,8H) coordinates in the Hansen space

RZ = 4(6Dy — 6D,)* + (6P; — 6P,)* + (6H; — 6H,)?

Relative enerqgy difference: RED = Ra

o

RED < 1.0: miscible; RED > 1.0: immiscible

every material has a
“miscible” sphere

Hansen Solubility Parameters | Hansen Solubility Parameters (hansen-solubility.com)

Bapat, S.; O. Kilian, S.; Wiggers, H.; Segets, D. Towards a Framework for Evaluating and Reporting Hansen Solubility Parameters:
Applications to Particle Dispersions. Nanoscale Advances 2021, 3 (15), 4400—4410.


https://www.hansen-solubility.com/

HSP application: solvent optimization

coai‘ings | filled polymer systems |

the HSPs of a mixture solvent is the linear

combination of the HSPs of it constituting
solvents by their volume fractions

toxic sol. ent
solvent A

polymer , * .~
to disperse -
solvent
mixture

oD’

C15D1 + C25D2
5P’ — C15P1 + C25P2 =0
SH’ — C16H1 + C26H2

[ 5D: Dispersion

| (van der Waals) |

N

6P: Polarity

| (dipole moment) |

[ SH: Hydrogen ]

. bonding

a simplified 2D representation of

the Hansen space

Hansen Solubility Parameters | Hansen Solubility Parameters (hansen-solubility.com)

Bapat, S.; O. Kilian, S.; Wiggers, H.; Segets, D. Towards a Framework for Evaluating and Reporting Hansen Solubility Parameters

Applications to Particle Dispersions. Nanoscale Advances 2021, 3 (15), 4400—4410.


https://www.hansen-solubility.com/

How to assign HSPs?

theoretical molecular
simulation

toxic sol. ent
solvent A

?polymer o
to disperse 4

~ solvent
mixture

v' alkanes should have a 6P of O

v water should have a high 8H
Vo

but what about polymers
and nanoparticles?

Hansen Solubility Parameters | Hansen Solubility Parameters (hansen-solubility.com)

[ 5D: Dispersion

N\

| (van der Waals) |

6P: Polarity

| (dipole moment) |

bonding

[ SH: Hydrogen ]



https://www.hansen-solubility.com/

HSPs: experimental measurement

where molecular simulations fail to deliver, e.g., polymers

every material has a

“miscible” sphere

Solvents dD dP dH
Acetonitrile 15.3 18 6.1

Benzene 18.4 0 2
Cyclohexane 16.8 0 0.2
Diethyl Ether 14.5 2.9 4.6

1,4-Dioxane 17.5 1.8 9
Ethanol 15.8 8.8 194

Hexane 14.9 0 0
Iso-Propyl Ether 15.1 3.2 3.2
Methanol 14.7 12.3 22.3

Toluene 18 1.4 2

Xylene 17.6 1 3.1

Acetone 15.5 10.4 7
Chloroform 17.8 3.1 5.7
m-Cresol 18.5 6.5 13.7
Dimethyl Sulfoxide (DMSO) 18.4 16.4 10.2
1,3-Dioxolane 18.1 6.6 9.3

Ethyl Acetate 15.8 53 7.2

Methyl Ethyl Ketone (MEK) 16 9 5.1
N-Methyl-2-Pyrrolidone (NMP) 18 12.3 7.2
Methylene Chloride 17 7.3 7.1
N,N-Dimethyl Formamide (DMF) 17.4 13.7 11.3

Tetrahydrofuran (THF) 16.8 5.7 8

MVol
52.9
52.9

108.9

104.7
85.7
58.6

131.4

141.8
40.6

106.6

123.9
73.8
80.5

105
71.3
69.9
98.6
90.2
96.6
64.4
77.4
81.9

Score

o

EOEGEN YEYpEE g g s o e NeoNeoNo N ool ol e N e)

Gather a list of
solvents w. known
HSP values

Test for various
solvent miscibilities

Find miscible
solvents

Calculate average

J—— -

I S

miscible solvent
immiscible solvent
@® calculated average

Hansen Solubility Parameters | Hansen Solubility Parameters (hansen-solubility.com)



https://www.hansen-solubility.com/

aim

miscible solvent
immiscible solvent
@® calculated average

Ideally

Why the cloud lab?

Automatioh — “free” grad students from monotohous work
il - easy there, not trying to take your job

— - —- -

- —_ S~ o -

Solvent choice matters — estimation
by average can be biased

Reality

10



aim The more the merrier? Less could be more! @

find the sphere center rather than the average

miscible solvent C
immiscible solvent —
@® calculated average
cible A + miscible B - miscible
sphere-wise interpolation of the only “support vectors™ matter

decision boundary

11



aim @ : Choose your experiments wisely!
Similar solvents tend to give similar miscibility
Closed-loop & | with minimal grad
Autonomous student input & Goal
Efficiently determine the
“miscible” sphere for the
test material(s) with the least
number of experiments
t @9@ i . ! p : (solvents)
Mmoo L E ¢
° o o HERRE [ 1 1
efficiently plan our remotely execute the
experiment road map experiment protocols and
(updated every time a new provide findings

result is acquired)

12



| method | Closed-loop & Autonomous

2 parts measuring HSPs in the cloud lab with a click of a button

3 modules
the Al-driven brain

o e mm e M M e M Mmm M e e Mmm M M e Rmm M M e Mmm M e e Rmm M e

the cloud lab-driven muscles’n’eyes

Bayesian selection of 1
the next experiment(s) J

The experiment
selection module

Il
“memory” of all
START [ experiment results ] TTTTTT

A

— o o e e

ko e e e e e e e e e e e e En e e e e e e e e o e - -

W]

cloud lab: taking container
images to report findings

provided by: for image analysis

‘.washburnlab.chem.cmu.edu

____________________________________

{ computer vision (CV) }

- Arrows represent the direction of information flow.

The experiment result provided by:
analysis module  the CMU cloud lab

N e e e e e e o T e S S R S e S e S S S e S e e e

”

\
1
I
1
[
1
I
I
[
1
I
I
[
1
I
I
[
1
I
I
[
1
I
I
[
1
I
I
[

> FINISH

13


https://washburnlab.chem.cmu.edu/HSP/

The closed-loop cloud lab workflow

the experiment execution module + result collection

Workflow (1) “prep sample”
Starts —> mix the solvent and the test
material & let sit for 24 hours
Y
gel; exlf()e;imenfle?ztion parse the )@ Image sample report findings
asks from the received asks gfter sit time, take sample 70 Server
backend server images & report to server
gIIIIIIg @ “pause”
S —> take a short rest, experiments
are being brewed
@ “EOE”
: Workflow
This workflow —> end of experiment: all datais —> ends

runs in loops. acquired autonomously!

14



| method 1 | The two major cloud lab protocols

CMOS Camera {12 MP)

/ AN :
: EI!HEEJEJHE‘-EEJEEEJEIE
EEEELEAY S e
! ] z Ambient Light
MinRotationRate SamplesIn :
{1 RPM) 50 mL Tubes (x6) pee
MaxRotationRate 15 mL Tubes (x6) E
(35 RPM) 2 mL Tubes (x24) 2
MinTemperature
(22'C)
MaxTemperature H— AR ERRERRRARRAER
(75°C) L
Enviro-Genie / camera for image
shaker for mixing collection/inspection
(prep sample) (image samples)

)
Z

Carnegie Mellon University
Cloud Lab

—
rh
O
—

Y
A\

15



——

[ method 1

Preliminary runs in the CMU cloud lab
5 solvents S ®

1 test resin

Closed-loop & | with minimal grad
Carnegie Mellon University [ Autonomous ] student input ©_ How? ¢
Cloud Lab




‘metnod 2| Comyputer vision (CV) for interface detection

Take container
image

Step 1: Find vial(s)
& crop image

(

Keep in mind that computers
have no visual sensations —
they only “see” numbers.

\

Step 2: Locate interface(s)
& make a conclusion

17



| method 2 Object detection

Step 1: Find vial(s)
& crop image

-~

OU ARE BEING

; -~ _
PERSON OF IMTEREST | @

#0380

VisDrone-VDT2018: The Vision Meets Drone Video

Detection and Tracking Challenge Results: Munich,

Germany, September 8-14, 2018, Proceedings, Part
V. 10.1007/978-3-030-11021-5_29.



https://twitter.com/netflix/status/690013630331555840

metnod2]  Object detection: a common CV task

Step 1: Find vial(s)
& crop image

rson 061
erson U.53

Original video: Camilo Calderdn - Photography (pexels.com)
Annotated gif: Enhanced Object Detection: How To Effectively Implement YOLOVS8 | by Thomas A Dorfer | Towards Data Science

19


https://www.pexels.com/@camilo-calderon-3343529/
https://towardsdatascience.com/enhanced-object-detection-how-to-effectively-implement-yolov8-afd1bf6132ae

| method 2| Vial detection by YOLOv10n

You Only Look Once (YOLO)

1. Find images with vials and label them;
2. Use pretrained YOLOv10n weights and
fine-tune the model for vial detection.

Vial detection demo

*  YOLOvV10 - Ultralytics YOLO Docs

« Wang, A.; Chen, H.; Liu, L.; Chen, K; Lin, Z.; Han, J.; Ding, G. YOLOv10: Real-Time End-to-End Object Detection. arXiv May 23, 2024.

20


https://docs.ultralytics.com/models/yolov10/

| method 2| Interface detection

Sadly to the best of my knowledge, Al
may not be the best option for such a
nuanced/transparent task here,
especially with the lack of training data.

4 N
“ab initio” image analysis

| edge detection
Look for interface(s) & " v,

make a conclusion

N




metnod2|  Edge detection for interface detection

B! 1 1]
horizontal edge detection : 0
-1 -1 -1
1 0 1]
vertical edge detection : | —1 0 1
—1 0 1]

just one simple trick made
everything so much clearer!

22




[method 2} Noise reduction, background cancelation, label correction...

noise

4 |||‘ oo
]
|

[

A,

reflection

|||| ﬂll' ‘In
WW' :

label

| M

-
==
=

point of view

! 'l

background

exceptions...

Looking for a live demo? Click the link on the left and log in. Pick any
washburnlab.chem.cmu.edu/HSP image from this search result, click on it, and then right click to “copy

— image link” (not the link for the whole page). Paste the image link to the
webapp and have fun exploring.

23


https://washburnlab.chem.cmu.edu/HSP
https://washburnlab.chem.cmu.edu/HSP
https://www.google.com/search?q=vial+liquid&sca_esv=e7f9f9d91f1faf1c&sca_upv=1&tbm=isch&source=hp&biw=1272&bih=725&ei=EpQqZsCTE8Cz0PEP3bWpkAk&iflsig=ANes7DEAAAAAZiqiIjwAy88qWaoejTj8Q4JfsUU5wdAh&ved=0ahUKEwjA5JGP892FAxXAGTQIHd1aCpIQ4dUDCAc&uact=5&oq=vial+liquid&gs_lp=EgNpbWciC3ZpYWwgbGlxdWlkMgUQABiABDIGEAAYBRgeMgYQABgIGB4yBhAAGAgYHjIGEAAYCBgeMgYQABgIGB4yBhAAGAgYHjIGEAAYCBgeMgYQABgIGB4yBhAAGAgYHkjIJVDvDliGGnAAeACQAQCYAZoBoAHGBaoBBDEwLjG4AQPIAQD4AQGKAgtnd3Mtd2l6LWltZ5gCC6AC5QWoAgDCAggQABiABBixA8ICDhAAGIAEGLEDGIMBGIoFwgILEAAYgAQYsQMYgwGYAwKSBwQxMC4xoAeiOg&sclient=img

[ method 2 ]

benchmarking
tests

Vial detection + interface detection

and more improvements are on the way...

2 091 A3 090A4 0.90 A5 0.90 A6 091'A7 0.93A8 0.92 A9 0.91 091A10 0.89

""" e 7A11 0.91
1 "
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e | -
== - — a
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N A 4 e *\,! | S ’ 22 i - ~ = 'J i = — =
e — W C—— W o[ e ey g s =
| ey & ¥ P 1 4 B ! = i
= i | [ b }
. { k)l MK - ] i |
| | | i j
L] I L. B | 3
1 |
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]
1
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[ method 2}

41 Taxes
20mL Glass Scintily
%] 1d:pZysiy

red box:
immiscible
blue line:
cap

Interface detection in live action

41 Taxes
20mL Glass Scintilly
1d:pZitiy

28 Pe
i)

®

e 74 Opponent
&g 280 Glagg Stin
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%:2 28 Perfecy
E 3 § 200 Glzg
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e 74 Opponent
&g 20nL Glagg Stin
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@

y 63 Marria ge_ !
2emL Glass Scintillaty
% 1d: nOknieh

%: 31 Palm
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B 1d:54pg,
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63 Marriage
3 20mL Glass Scintillaty,
1d: nBkInfih
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[ 100% hit rate]
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‘method 3| A Bayesian approach for planning experiments

miscible solvent solvent selection for efficient experimentation

Principle: always prioritize experiments with higher
uncertainties to maximize the information gain.

immiscible solvent

helps sketch the ) helps refine the
decision boundary explore exploit | gecision boundary
when there is limited knowledge, explore when there is adequate knowledge, explore

the regions that are less explored around the estimated decision boundary

26
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Putting everything together

how does one closed-loop test look like?

Chemistry Summer Seminar Demo

https://washburnlab.chem.cmu.edu/HSP/

https://washburnlab.chem.cmu.edu/chem-seminar-demo/

27


https://washburnlab.chem.cmu.edu/HSP/
https://washburnlab.chem.cmu.edu/chem-seminar-demo/
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Closed-loop and Autonomous: CMU Cloud Lab
for Measuring Hansen Solubility Parameters

Chemistry Summer Seminar, Summer 2024

Thank you for your attention!

Happy to take any questions.

Sijie Fu Carnegie
Washburn Group Thursday, June 27, 2024 Mellon
@ CMU University



	Closed-loop and Autonomous: CMU Cloud Lab for Measuring Hansen Solubility Parameters
	Outline
	Basics of the CMU cloud lab
	Symbolic Lab Language (SLL)
	SLL is all you need (?)
	Hansen solubility parameters (HSPs)
	HSP application: solvent optimization
	How to assign HSPs?
	HSPs: experimental measurement
	Why the cloud lab?
	The more the merrier? Less could be more!
	🤖: Choose your experiments wisely!
	Closed-loop & Autonomous
	The closed-loop cloud lab workflow
	The two major cloud lab protocols
	Preliminary runs in the CMU cloud lab
	Computer vision (CV) for interface detection
	Object detection
	Object detection: a common CV task
	Vial detection by YOLOv10n
	Interface detection
	Edge detection for interface detection
	Noise reduction, background cancelation, label correction…
	Vial detection + interface detection 
	Interface detection in live action
	A Bayesian approach for planning experiments
	Putting everything together
	Acknowledgements
	Slide Number 29

