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Nanomechanical sensing




Nanomechanical sensing

Equation of motion

Mass

0~ 0
kx = F(t
mat2x+cat:13—|— T (t)




NEMS Mass sensing

Airborne nanoparticle mass concentration measurement

df / dt [Hz/s]

Schmid, S., et al., Sci. Rep. 3, 1288 (2013).



NEMS Mass sensing

From protein mass spectrometry to weighing of a proton

Moving tube portion

1.0
i 1.86531
0.8 ;™
_ 8 5
0.6 = W2
i o 1.86525 -4
v, - 0 10
04 <& E 6 t (s) <
<
0.2 < 0
_ 5 4-
H — 2
" ’\‘\‘\'\0§.—.—0—0—.
74 e e e . T ——0—0 0 ___ __
50
20 & 2
410 (&\o
30
| | | 27 &
1 < 0+ LR T T T T — 1 0
0 1 2 3 4 0.1 1 10 100
Mass (MDa) 7(s)

Hanay, M. S. et al. Nat. Nanotechnol. 7, 602—-608 (2012). Chaste, J. et al. Nat. Nanotechnol. 7, 301-304 (2012).



Nanomechanical sensing

Equation of motion
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Ultracoherent resonators

By dissipation dilution
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Tsaturyan, et al., A. Nat. Nanotechnol. 12, 776-783 (2017).



Ultracoherent nanomechanical resonators
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Ultracoherent nanomechanical resonators
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Beccari, A., et al. , 2021. arXiv preprint arXiv:2103.09785.



Nanomechanical sensing

Equation of motion
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Radio to Optics Converter
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Coupling by applying DC voltage

Noise level of nanomechanical transducer: 5 pV/Hz-1/2

T. Bagci, et al., Nature 507, 81-85 (2014).



Nanomechanical sensing

Equation of motion

Spring constant (stiffness)
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Nanomechanical sensing

Temperature response

k(T)




Single-molecule
Imaging with
NEMS
photothermal
sensing

Collaboration with
Biophysics Group at TU
Wien




Absorption vs scattering microscopy

6
60 Cscattering X d
&E\ scales with volume?2
-
™M
O
x
5
= 3
g § " Cabsorption x d
£
X O
T O
= O
0
0 40 80 1 20 R. Baffou and G. Quidant, Laser Photonics Rev. 7,

NP diameter d (nm) No. 2, 171-187 (2013)



Photothermal sensing with a nano-optomechanical system

Probing light

Absorber

String resonator
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Chien, M.-H., Brameshuber, M., Rossboth, B. K., Schutz,
G. J. & Schmid, S. PNAS 115, 11150-11155 (2018).



Single-molecule imaging

With nanomechanical silicon nitride drum

Photothermal microscopy Fluorescence microscopy
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M.-H. Chien, M. Brameshuber, B. K. Rossboth, G. J. Schitz, S. Schmid, PNAS, vol. 115, pp. 11150-11155, 2018.



Single-molecule signal-to-noise ratio
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Photothermal scanning microscopy

With 80 nm pixel resolution

d Pixel:320nm Pixel: 80 nm

Frequency shift (kHz)

Chien, M. H. & Schmid, S. J. Appl. Phys. 128, (2020).



Towards single-
molecule
absorption

specltroscopy

Tune wavelength of the
probing light




Near IR spectroscopy

With tuneable Ti:Sapphire laser
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