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AFM-IR technique

AFM-IR

Infrared spectroscopy and imaging at nanoscale

AFM IR laser



AFM-IR

Technique principle



Contact mode
Cantilever 

deflection 

detection

AFM-IR setup

flaser

Pulsed 

tunable IR 

source

flaser : 10kHz-3MHz

s : 1900-900 cm-1



Photothermal excitation and photoacoustic detection

AFM-IR setup

IR laser

flaser

flaser

flaser



Deflection expression when the repetition rate = contact resonance (QCL) 
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Resonance enhanced AFM-IR
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Bacteriorhodopsin protein

Detected inside a purple membrane

1 µm

1660 cm-1

5nm

Resonance enhanced AFM-IR



Tapping AFM-IR

Tapping AFM-IR configuration

Z1(t)=A1 cos(2pf1t)

Zs(t)=u0(t) * S d(t-n/fp)

f1= Driving frequency of the tapping mode

fp = repetition rate of the QCL laser
Z2(t)=A2 cos(2pf2t+f2)

Non linear interaction : f2=f1+fp

D



Tapping AFM-IR
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Amplitude of the second mode f2

Thermal expansion

α Absorbance

Non linear elasticity contact coefficient

Setpoint

Laser pulse

Cantilever parameters

Driving amplitude

Tapping AFM-IR signal is proportional to absorbance



topography Ratio 1492/1588

Tapping AFM-IR

PS-b-P2VP lamelar polymer



AFM-IR

Exemples of Applications



PMMA-PS polymer blend 1-1

1730

1597

1495

1445

Collab. P. Leclere , Université de Mons

Polymer science



ÉCOLE THÉMATIQUE -  SPECTROSCOPIES VIBRATIONNELLES

@1595 cm-1

@1730 cm-1

1 µm

PS

PMMA

Polymer science



ÉCOLE THÉMATIQUE -  SPECTROSCOPIES VIBRATIONNELLES

PS-PMMA multilayers film

topographie @1730 cm-1 @1600 cm-1

PMMA PS

Collab. G. Miquelard-Garnier CNAM 

Polymer science



Overlay (1730/1600)
Cross section

60 nm

Polymer science



ÉCOLE THÉMATIQUE -  SPECTROSCOPIES VIBRATIONNELLES

3D image

1 µm

Polymer science



ÉCOLE THÉMATIQUE -  SPECTROSCOPIES VIBRATIONNELLES

Organic molecule self-assembly on HOPG

topography

@1725 cm-1 @1600 cm-1

@1458 cm-1

2D chemistry science

Collab. F.Palmino et F.Cherioux institut FEMTO-ST

(4’-octadecyloxy-4-biphénylecarboxyloate d'octadecyle)



ÉCOLE THÉMATIQUE -  SPECTROSCOPIES VIBRATIONNELLES

topographie
Local AFMIR spectra

2D chemistry science

Polarisation of the incident light

is perpendicular to the surface



Hayabusa2 : December 2014 – December 2020

Ryugu : Cb-type asteroid, contain organic matter,

CI-like chemical composition

Ryugu

200 m 

Astrochemistry

11:15 - 330 | NANOSCALE INFRARED CHARACTERIZATION OF 

EXTRATERRESTRIAL RYUGU SAMPLES RETURNED BY THE HAYABUSA 2 

SPACE MISSION

MATHURIN Jérémie - ICP, UPSACLAY, CNRS - FR 

Wednesday 28 June 2023 Physical Chemistry 7

ROOM 300



ÉCOLE THÉMATIQUE -  SPECTROSCOPIES VIBRATIONNELLES

H Yabuta et al. Science (162173), 2023. 

Astrochemistry



AFM-IR

Technique evolu6on



AFM-IR Technology evolution

FEL

OPO

QCL
OPOOPOOPO

2004

contact

2011

resonance enhanced

2010

contact

2017

Peakforce tapping

2018

tapping AFM-IR

QCL

2022

Surface sensitive

QCL

2007

patent

OPERATING MODES

Jeremie Mathurin et al.  J. Appl. Phys. 131, 010901 (2022) 
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AFMIR articles (nov 2022)



MUSIICS

• IR users facility.

• Proposal submission each year

• 2 sites (ICP and IPANEMA)

• Financements : Région, Département de l’Essonne, 

Labex nanoSaclay, ANR, Université Paris-Saclay, PEPR 

Origines

MUltiScale Infrared Imaging platform for Complex Systems  



• Microscale and sub-microscale analysis

• Large scale analysis

Microscope Mirageµ-FTIR Lumos

(en développement)

Image : 10 cm

Résolution : 100 µm

Image : 1 mm

Résolution : 10µm

Image : 200 µm

Résolution : 500 nm



• Nanoscale Analysis

nanoIR1

nanoIR2

nanoIR2s

Image : 80 µm

Résolution : 10-20 nm

IconIR

Image : 80 µm

Résolution : 1-5 nm

Icon-IR environnemental

COMING SOON !



Conclusion

§ AFM-IR is the only technique allowing to have a direct 

measurement of the local absorbance, leading to reliable 

spectra and comparable to FTIR.

§ Tapping AFM-IR is a big improvement that allows to study 

new kind of organic samples (soft, non adhesive) with a 

resolution around 10 nm.

§ Resonance enhanced and tapping modes allow now to have a 

huge range of applications (organic or inorganic material).

§ New operating mode : Peakforce tapping IR and surface 

sensitive.
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