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Surface Analysis Methods

Surface Analysis Methods

Thin Films in CH

Applications in CH

→ Electron detection

• X-Ray Photoelectron Spectroscopy (XPS)

• Auger Electron Spectroscopy (AES)

• Electron Energy-Loss Spectroscopy (EELS) 

→ Ion detection

• Secondary Ion Mass Spectrometry (SIMS)

• Low-Energy Ion Scattering (LEIS)

• Nuclear Reaction Analysis (NRA)

• Atom Probe (AP) and Field Ion Microscopy (FIM)
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Surface Analysis Methods

Surface Analysis Methods

Thin Films in CH

Applications in CH

→ Photon detection

• Energy-Dispersive X-Ray Spectroscopy 

(EDXS) 

• Total-Reflection X-Ray Fluorescence (TXRF)

• Grazing Incidence/Exit X-Ray Fluorescence 

(GI/GE-XRF)

• Grazing Incidence Small Angle X-Ray 

Spectroscopy (GI-SAXS)

→ Microscopy

• Atomic Force Microscopy (AFM)

• Scanning Probe Microscopy (SPM) 

• Scanning Tunneling Microscopy (STM) 

Phys. Status Solidi B 2020, 2000471

Soft Matter, 2020, 16, 1485--1497
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Surface Analysis Methods

Thin Films in CH

Applications in CH

Thin Films in Cultural Heritage

→ Common thin films in CH

→ Common CH characteristics that are challenging for surface analysis
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Thin Films in Cultural Heritage

→ Common thin films in CH 

Scientifc Reports (2022) 12:6125 

Corroded AlloysCoatings/Varnishes on paintings

Polymers 2021, 13, 2651

Binder

Photo by Maram Naes 2013
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Thin Films in Cultural Heritage

→ Common CH characteristics that are challenging for surface analysis

Composition 

heterogeneity 

Surface 

discontinuity 

Surface 

roughness 

Density variation

Thickness variation

Appl Phys A (2013) 113:959–970

Photo by Maram Naes 2013

ND and NI priority

Experimental compatibility to CH integrity

Thermal and vacuum sensitivity
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Thin Films Analysis in Cultural Heritage

Surface Analysis Methods

Thin Films in CH

Applications in CH

→ Common questions for surface analysis of thin films in CH

• Composition of historical materials and alterated materials
• Assessment of conservation materials and conservation interventions 
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→ Common questions for surface analysis of thin films in CH Composition of historical materials

Surf. Interface Anal. 2011, 43, 1152–1159
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ToF-SIMS images over 

a 200 × 200 µm2 area

‘The Martyrdom of St. Catherine’
XVII century, Francesco Cassarino, Zejtun (Malta)

Thin Films Analysis in Cultural Heritage

ToF-SIMS
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Alteration of historical materials

Carthaginian bracelet

XPS elemental concentration 

depth profiles

EDS analysis of area A and B on a cross section

→ Common questions for surface analysis of thin films in CH

Surf. Interface Anal. 2012, 44, 972–976

Thin Films Analysis in Cultural Heritage

XPS, 

SEM-EDX
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Assessment of conservation materials 
and conservation interventions

→ Common questions for surface analysis of thin films in CH

Polymers 2021, 13, 2651

Thin Films Analysis in Cultural Heritage

FTIR, 

OM
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AFM, 

OM

Thin Films Analysis in Cultural Heritage

XPS, 

NEXAFS
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Why HESEB?

• Compatible experimental conditions (‚near‘ ambient pressure, 
He-atmosphere)

• Probing near-surface layer with higher resolution

• Possibility for non-destructive and non-invasive analysis

• Reduced mobility of regional CH objects
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Chemical mechanisms at interfaces for painting conservation

“GE-XANES for chemical speciation at interfaces”

Maram Naes 2014, EXRS conference, Bologna
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Thank you for your attention


