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PS-PCL: cluster mapping

One year ago ...
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« Automatised multidimensional analysis 2
 Machine Learning

« Clustering of the data (Kmeans, GMM)
« Force curve analysis (Tabor, R?) 0
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« Python Code for /A pproach and Retract
force curve analysis of Organic and

: hybrid Soft materials »
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Test sample PS-PCL

100

u

0 1 2 3 4 pm

w

N

—

3 4 um

+ | Height Sensor Peak Force Error
404

ROl selection

PS-PCL: cluster mapping

Automatized
Analysis
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High Impact Polypropylene (HIPP) =l

Industrial nanocomposite samples, used in the manufacture of B e
bumpers

Inclusions dissipate energy
Importance of the morphology
Importance of the charge crystallinity control
PP Maftrix PER Inclusion
Mechanical and viscoelastic nanoscale analysis oh 7
3
PFT NDMA
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Mechanical properties:
Peak Force Tapping (PFT)
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Cryomicrotomed
sample

Hm
25 2 .‘ ....... L. . ._) ...... 'I .....
] .‘-5‘ Y }
:( " w_\ .‘ .)
R S R
1 & ‘ ol > .
1 % X
15 -‘. \‘ . ‘ .‘
| e ¢ 200
10 3 W < ’
] \ N tq\
] - ‘\'9’
5] & |
LS e
] N
0 4 T
0 10 20 pm

Good charge dispersion

Lolck=

0
3.0 um

UMONS

Université de Mons

7




pm log(Pa)

30 et 10.0
[}
Peak Force Tapping
2.0
9.0
1.5
8.5
nm 1.0
Y S S S VS S S S S S 120 e S e~ B I PW o w. o e | 8.0
110
0.5
100 .
7.5
% Log mod
. 05 05 1.0 15 2.0 25

0 3.0 um

70
° s
50
40
30
20
10
10 E
Topography i Adhesion
0.0 0.5 1.0 1.5 2.0 2.5 3.0 ym
5

8 available channels

Deformation

0.0 0.5 1.0 1.5 2.0

3.0 um

"UMONS

8 Université de Mons

Lolck=



From simple to complex
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PyC ARQS clustering algorithm: KMeans, GMM

Random centroids

iy

Centroids define
classes

I{ et I

Classes define
new centroids
o
New classes
I et I3

Ci et C3
lteration
I7 et I5

Optimized cluster inertia

Clustering of
multiple channels
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Channel selection: how to do it? jj
Spearman correlation matrix
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Peak Force Tapping: the clustering
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HIPP1-PFT: Cluster division
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- Raw Data (.txt)

- Statistics on population
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Peak Force

Adhesion

Rigidity modulus fit !

Modulus

Deformation

Mano5scope
Analysis 2.0

DMT
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Modulus

How to chose the good one?
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of the adhesion forces
and viscoelasticity
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Dimensionless load, F,/2myR

Contact mechanics: Modls
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Johnson, Greenwood, J. Colloid Interface Sci., 1997, 192, 326.
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Modulus mapping
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JKR, DMT ... or any available mechanical model

LEPA= UMONS

Université de Mons

15



Viscoelastic properties: nano-DMA

Frequency modulation when the tip is in contact with the surface

\ Z position

/

Force
modulatlon

\/

approach

withdraw

Time
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FFV = single frequency
« cartography

nano-DMA = frequency rampscript

* Spectroscopy

« Storage modulus (E’)
* Loss modulus (E"')

. Tan delta (E"'/F’)

° ... 15 channels available |
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Nano-DMA: Clustering
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Nano-DMA:

Force curve Fit
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But still mapped in Nanoscope Analysis!
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Conclusions

We illustred the power of pyCROS on
an complex (industrial) sample

HIPP1-PFT: cluster mapping

Clustering-multidimensional analysis

Force curve analysis

Force curve quality analysis by « deep » learning - ;
(see Thomas' Poster) ;5 \/ /

zzzzzzzzzz
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Machine Learning: Feature selection
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Quality of the acquisition 512%5)
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Supervised Machine Learning

Feature 1 F2 F15
TARGETS
Curve 1 0. Unusable
Curve 2 1. Noisy
2. Usable
3. Good
C 250 000
\ ] |\ J
| |
Description Evaluation
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Machine Learning: Feature selection
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Machine Learning: Feature selection
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perspectives
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SPM data E recalc (py)
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Default name: Cluster division

Peak Force Tapping: the clustering a
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Modulus mapping

0.

From tabor map
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DMT ... or any available mechanical model
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