oD 3
Sl ‘C?"\ ()
o Q7 4
| et
\ " T
el 5 la di Dottorato - Doctoral School
LR ) B = P

{ x:\‘
g_‘\,gj’/ Scuol
WHAT YOU ARE, TAKES YOU FAR

STITUTO NAZIONALE e
DI RICERCA METROLOGICA

Atomic force microscopy metrology of
non-spherical nanoparticles

Valter Maurino (1), Francesco Pellegrino (1), Gian Bartolo Picotto (2), Luigi Ribotta (2,3)

(1) Dipartimento di Chimica and Centro Interdipartimentale NIS, Universita degli di Torino, Via Pietro Giuria 7,
10125, Torino, Italia

(2) Istituto Nazionale di Ricerca Metrologica (INRiM), Strada delle Cacce 91, 10135, Torino, Italia
(3) Politecnico di Torino, Corso Duca degli Abruzzi 24, Torino, 10129, Italia



. UNIVERSITA
& K B YEGLI STUDI
=528 DI TORINO

NRIM Objectives

DI RICERCA METROLOGICA

=

Ti(IV) isopropoxide =

* Since size and shape of structures play a \ T i
crucial role at the nanoscale, traceable 3D i ~e "o | ‘A

»; f@ § L
Ti (IV) complex Dialysis \v
S E—
Lyophilization

measurements of nanoparticles (NPs) are  mvmomne o ° ) spreer,

pe Acqueous solution
"bipy"

today an issue; T
e 180°C

* Anatase TiO, non-spherical engineered
NPs (e.g., bipyramids and nanosheets) )

Autoclave

Hydrofluoric Acid %aatmant

are studied with metrological AFM

//—_Z\/

(MAFM) as candidate reference materials .o |
for dimensional metrology: R
« Non-spherical NPs present a challenge
about AFM measurements, as their
geometries highlight the limits connected

to the finite shape and size of the tip.

[1] L. Mino, F. Pellegrino, S. Rades, J. Radnik, V.-D. Hodoroaba, G. Spoto, V. Maurino, G. Martra, Beyond Shape Engineering of TiO, Nanoparticles: Post-Synthesis Treatment Dependence of Surface Hydration, Hydroxylation, Lewis
Acidity and Photocatalytic Activity of TiO, Anatase Nanoparticles with Dominant {001} or {101} Facets, ACS Applied Nano Materials, 2018, 1 (9), pp 5355-5365
[2] S. Yang, B. X. Yang, L. Wu, Y. H. Li, P. Liu, H. Zhao, Y. Y. Yu, X. Q. Gong, H. G. Yang, Titania single crystals with a curved surface, Nature Communications, 5:5355, 2014

Washing %g
Nanosheets
"n-sh"

Lyophilization

Luigi Ribotta et al., 106° Congresso Nazionale SIF, 14-18 Settembre 2020



ScuDo

Scuola di Dottorato - Doctoral School

IM TiO, bipyramids
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GEOMETRICAL MODEL FOR PROFILE RECONSTRUCTION BY mAFM IMAGES
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1| Mean cross-section top profile at the bipyramid base; step-height thk.

2 | Square base of the bipyramid as obtained from profile 1 b = thk.

3| Tip enlargement as estimated by assuming a square base of the bipyramid b.
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GEOMETRICAL MODEL FOR PROFILE RECONSTRUCTION BY mAFM IMAGES
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4| Mean top profile along the main axis of the bipyramid.

5] NP c’size as obtained by subtracting the tip enlargement profile (profile 3) the to the top profile (4).
Tip enlargement is assumed to be isotropic along the x and y axes.
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TiO, bipyramids

CD MEASUREMENTS BY mAFM IMAGES
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o SIZE AND SHAPE DESCRIPTORS
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NRIM, TiO, nanosheets
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SEM image of TiO, nanosheets (courtesy of BAM).

number of images: 4 images (mean value + standard deviation)
counted nanosheets > 300
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PROFILE RECONSTRUCTION BY mAFM IMAGES
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* A geometrical method for CDs reconstruction of complex geometry nanoparticles
In AFM-based images has been tested and implemented by an own soft-tool in
MATLAB,;

 Tip shape enlargement has been corrected by a geometrical profile-based
approach.

« Measured CDs (a, b, c) of the bipyramids by mAFM and SEM measurements
show differences within 3 %.

* Preliminary results of thickness and lateral sizes of nanosheet by mAFM and
SEM measurements look also well in agreement.

Thank you for your attention!
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