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Weighing biological objects
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ID Card

Sars-COV-2

Diameter 100 nm

Mass 0.5 fg

Stiffness ~ 1 GPa

Mass & Elasticity =   Virus fingerprint
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Target sensitivity down to 30 attograms ! 

10 µm
100 nm

5 femtograms
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A mechanical resonator is a mass sensor
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A mechanical resonator is a mass sensor



A coupling between light and mechanical motion
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Mechanical motion is driven and detected by light
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When a nanoparticle lands on the disk…
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When a nanoparticle lands on the disk…
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Latex nanoparticle

300 nm nominal diameter, 15 fg

Δ𝑓𝑚

𝑓𝑚
= −31.5 ppm 𝑚𝑁𝑃 = 22.4 fg



What about the reproducibility ?
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S. Sbarra et al. Nano Letters 22(2), 710-715, 2022



Measured mass seems overestimated by ~ 50%
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200 nm

Latex 

300 nm diam.

100 nm

Silica 

150 nm diam.

Sources of deviation

• Residual liquid meniscus

• For Latex NP : Mechanical 

coupling between disk and 

nanoparticle vibrations

S. Sbarra et al. Nano Letters 22(2), 710-715, 2022



A coupling between the particle and the disk
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E. Gil-Santos et al.  Nature Nano 2020



A coupling between the particle and the disk
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A coupling between the particle and the disk
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fflex ∝
E

ρ

FEM Simulation

Mean contact radius 

observed by SEM

E. Gil-Santos et al.  Nature Nano 2020

E = 2.7 ± 0.6 GPa
ref. value 3 GPa at 100 MHz



To keep in mind

• Dual optical and mechanical nano-

sensing with ultra-high sensitivity
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Silica nanoparticles on disk

S. Sbarra, L. Waquier, S. Suffit,  A. Lemaître, and I. Favero. Nano Letters,22(2), 710-715 (2022). 
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Optical resonance shift for sensing
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Multi mechanical mode sensing

Cluster of 3 Latex NP: 44.4 fg

RBM 1  49.8 fg (+12%)

RBM 2  26.1 fg (- 41%)

S. Sbarra et al. Nano Letters 22(2), 710-715, 2022



Statistics on nanoparticle mass measurement
200 nm

Latex 

300 nm diam.

100 nm

Silica 

150 nm diam.

Sources of dispersion

• ±20% Mist: error on 

phase-frequency slope

• ±20% Mechanical mode 

deformation induced

by pedestal

• Particle density and 

dimension

S. Sbarra et al. Nano Letters 22(2), 710-715, 2022



Phase-Frequency characteristic of RBM2



Pedestal anisotropy deformed the mode profile

35

RBM 1 RBM 2



Sensitivity of several mechanical modes



Elasticity can be measured

Stiffness effect Mass effect

Frequency (Hz)
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