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COST ACTION TD 1002 (2010-2014)

“ This COST Action aims to organize

scientific and technological cooperation

with experts of different backgrounds.

This transdisciplinary Action relies on

scientists from different fields such as

physics, chemistry, mathematicians,

biochemistry, biology and medicine, as

well as those in more recently developed

and developing fields such as genomics,

proteomics, metabolomics and

microscope design assembly of synthetic

and biological molecules, which is critical

for the understanding biological functions

at the nanoscale. A Trans-Domain COST

Action is believed to provide a key

strategic platform and community to

bundle these research activities.”

http://afm4nanomedbio.eu/
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“COST (European Cooperation in Science and Technology) is a funding organization

for research and innovation networks. Our Actions help connect research initiatives across

Europe and beyond and enable researchers and innovators to grow their ideas in any science

and technology field by sharing them with their peers. COST Actions are bottom-up networks

with a duration of four years that boost research, innovation and careers.”

https://www.cost.eu/

https://afmbiomed.org/

http://afm4nanomedbio.eu/
mailto:denis.mariolle@cea.fr
https://www.cost.eu/
https://afmbiomed.org/
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THE PUBLICATION

https://www.nature.com/articles/s41598-017-05383-0

Supporting information : https://static-content.springer.com/esm/art%3A10.1038%2Fs41598-

017-05383-0/MediaObjects/41598_2017_5383_MOESM1_ESM.pdf

SNAP| denis.mariolle@cea.fr | 4.XII.2019

https://www.nature.com/articles/s41598-017-05383-0
https://static-content.springer.com/esm/art%3A10.1038%2Fs41598-017-05383-0/MediaObjects/41598_2017_5383_MOESM1_ESM.pdf
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THE REPORT (ON POLYACRYLAMIDE GEL)

MFP3D @ Bremen

[SNAP “ON”]

JPK (NanoWizard III) 

Bruker (Catalyst and

Multimode)

Park System (XE120) 

Asylum (MFP3D)

[SNAP “OFF”]

CP-PNP-SiO-C 

SiO2 D=6,62 µm

Triangular cantilever

K [nominal] =  0.08 N/m

K [LDV] ~ 0.05 N/m

Force-Volume (10 µm)² / (10 pixels)²

Z scan rate  = 1 Hz (tip velocity of 8 μm/s)

Z range = 4 μm

Trigger deflection = 50 nm (~ trigger force of 2.5 nN)

in water at room temperature.

Center of the gel piece (75 × 25 mm²)

Modeling : HERTZ

mailto:denis.mariolle@cea.fr
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WHY ? (SOURCE OF ERROR)

• Hypothesis 1. The force constants used in analysis (calculated from the AFM thermal spectra) were

wrong

=> No effect of the software/equipment whatever K is obtained by LDV or not.

• Hypothesis 2. The different gels exhibited different elastic moduli (E) since their properties changed

because of time or travel conditions

=> No, there is no ageing of the gel (re-checked at Bremen before and after)

• Hypothesis 3. The deflection sensitivity had been calibrated erroneously, which would affect the force

and indentation values calculated.

=> YES !

“Measurements of soft hydrogel samples with a well-defined elastic modulus using different AFMs

revealed that the uncertainties in the determination of the deflection sensitivity and subsequently

cantilever’s spring constant were the main sources of error. SNAP eliminates those errors by

calculating the correct deflection sensitivity based on spring constants determined with a

vibrometer.”

[N.B. : other possible systematic (and hence constant) error sources like problems in calibrating AFM thermal spectra (SI § 2)

or in analyzing thermals (SI §3) and the accuracy of the fitting procedure (SI §7)

mailto:denis.mariolle@cea.fr
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GO BACK TO BASIC

F = K.∆Z

∆Z [m] = S[m/V].Photodiode Output [V]

E

K [N/m] 

i) by LDV (no need of S)

ii) By Thermal Tune (need S’)

S = deflection sensitivity (cantilever is on contact)

S’ = amplitude sensitivity (cantilever is free)

(what we want)

(what we measure)

mailto:denis.mariolle@cea.fr
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1. MANDATORY : use a cantilever with well-characterized (known) force constant (e.g. using LDV)

2. Use a tip with well-defined geometry (e.g. spherical)

3. On your AFM software, calibrate the deflection signal [on very stiff surface] in the same buffer that will be 

used later in the real experiment => SAFMSOFTWARE

4. Do not change laser adjustment or instrument settings, which will affect the deflection calibration.

5. Record a thermal tune (far away from the surface)

6. Analyze the thermal tune using the JAVA applet to obtain the apparent force constant in the AFM 

(KTiltCorrected) and the correction factor λ, then recalculate the deflection sensitivity with 

SCORRECTED = λ.SAFMSOFTWARE

8. Enter this two new values (KTiltCorrected & SCORRECTED) on the AFM software

7. Do you experiment of interest : record force curves or  force maps

8. Analyze the force curves with the Hertz model or any other appropriate model to extract elastic moduli 

values (using the JAVA applet or others software, i.e. AtomicJ, Nanoscope Analysis, etc.)

THE SNAP “9 STEPS”

SNAP| denis.mariolle@cea.fr | 4.XII.2019

mailto:denis.mariolle@cea.fr


| 8

LASER DOPPLER VIBROMETRY (LDV)

https://iopscience.iop.org/article/10.1088/0

957-4484/23/37/375702
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https://iopscience.iop.org/article/10.1088/0957-4484/23/37/375702
mailto:denis.mariolle@cea.fr


| 9

THE DRAFT (SI §8) – STEP #1 : TILT CORRECTION

SNAP| denis.mariolle@cea.fr | 4.XII.2019

[adapted from H. Schillers slides “AFM in cancer research –

some basics for biomechanical measurements” 

Courtesy J.L. Pellequer CEA@IBS]

AFM

LDV

Question : is the tilt already taken into account in the thermal tune software of AFM ?

mailto:denis.mariolle@cea.fr
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THE DRAFT (SI §8) – STEP #2 : THE Ƙ FACTOR

“The vibrational modes of a cantilever are different for a free cantilever (as

used in a thermal) and a supported cantilever (as in contact with the sample),

so the sensitivity factor used for converting photodiode signal (measured in

volts) to cantilever deflection (in nanometers) is different for the two

situations. Since the amplitude sensitivity of a free cantilever cannot be

calibrated easily in AFM, usually a correction factor κ is used, to calculate

the amplitude signal from the measured deflection signal.”

[N.B. : Ƙ = 1.1 for the soft

triangular cantilevers ! ]

SNAP| denis.mariolle@cea.fr | 4.XII.2019

N.B. little bit confusing on the applet : “We believe that 1.08 is a good value for 

soft triangular cantilevers used in bio-AFM” !  

mailto:denis.mariolle@cea.fr
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http://www.biophysik.uni-bremen.de/start/radmacher-group/data-analysis/

THE JAVA APPLET : THERMALFIT  APPLICATION

http://www.biophysik.uni-bremen.de/start/radmacher-group/data-analysis/thermalfit/thermal-fit-instructions/

=> λ

(1)
(2)

(2)

(3)

For most instruments : Enter the kappa value your software 

used in the field old-kappa. Enter 1.08 as new-kappa. This 

value will be used by the application.

For BRUKER :  Enter 1.0 as old-kappa regardless of what 

you used in the Nanoscope software. Enter 1.08 as new-

kappa. This value will be used by the application.

SCORRECTED = λ.SOLD

=> KTILTCORRECTED

Kth
JAVA
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http://www.biophysik.uni-bremen.de/start/radmacher-group/data-analysis/
http://www.biophysik.uni-bremen.de/start/radmacher-group/data-analysis/thermalfit/thermal-fit-instructions/
mailto:denis.mariolle@cea.fr
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THE JAVA APPLET : THERMALFIT  APPLICATION

- LOADING A FILE -

Frequency (kHz) PSD Power (m²/Hz)

(downloadable file as a sample/example)

SNAP| denis.mariolle@cea.fr | 4.XII.2019
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THE JAVA APPLET : HERTZFIT  APPLICATION
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http://www.biophysik.uni-bremen.de/start/radmacher-group/data-analysis/hertzfit/hertz-fit-downloads/

mailto:denis.mariolle@cea.fr
http://www.biophysik.uni-bremen.de/start/radmacher-group/data-analysis/hertzfit/hertz-fit-downloads/
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SNAP, USEFUL ?

SNAP| denis.mariolle@cea.fr | 4.XII.2019
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