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How to see surface molecules?

• Isolation of surface material followed by 
analysis

• Direct analysis of surfaces

- mechanical peeling
- enzymatic peeling

AFM

ESCA
TOF-SIMS

ATR-FTIR

NIR
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Instrumentation for surface analysis

• ESCA (electron spectroscopy for chemical 
analysis, also called XPS)

• TOF-SIMS (time-of-flight secondary ion 
mass spectrometry)

• SEM (ESEM, FE-SEM)
• AFM 
• FTIR, NIR
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Surface analysis depth

TOF-SIMS (~1 nm)

~~ IR (~1000 nm)
SEM (~1000 nm)

ESCA (~10 nm)
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TOF-SIMS
(time-of-flight secondary ion mass spectrometer)

PHI TRIFT II 
TOF-SIMS
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Principle of secondary ion formation

Primary ion beam, 
25 keV Ga+

Secondary ions 
(atoms, small and 
larger molecules)

Sampling 
depth (~1 nm)

Penetration 
depth (~10 nm)
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TOF-SIMS gives…
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What can we see?

metal ions

lignin

cellulose

extractives
(resin)

hemicelluloses

coating colors
(binders, fillers)

sizes

printing inks
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TOF-SIMS

+ can analyze complex mixtures 
+ identification of several molecules 

simultaneously
+ elemental and molecular imaging

– identification demanding
– not quantitative
– sensitive to surface impurities
– not suitable for all organic compounds
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ESCA

Kratos 
Analytical 
AXIS 165
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Principle of ESCA

EC
EC-δE

δΕ= electron
energy loss

Photons E=hν
(monochromatic AlKα X-ray 
radiation)

Sampling
depth 
(5-10 nm)

EB=hν-EC-Φ

Emitted 
electrons
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ESCA on pulp surface

O1s
C1s

C-C
C=C

C-O

C=O
O-C-O

O-C=O
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ESCA

+ quantitative (coverage by extractives, lignin 
and polysaccharides) 

– reliability in determination of the coverage 
depends on:

all extractives are removed in extraction
no lignin is extracted
no lignin exposed under extractives
layers of lignin and extractives are thicker  
than the analysis depth
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Examples
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TMP fibers and fiber surface material

TMP fibers Fiber surface 
material (fibrils)

Image area 590x440 µm2
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Surface chemical composition by ESCA
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Surface extractives composition by
TOF-SIMS
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Surface lignin structure by TOF-SIMS
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AKD specific ions from 447.5 to 535.5 Da
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AKD sized paper
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Different forms of AKD on paper surface
TO

F-
S

IM
S
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(according to Zimmerman et al1995) 

Stearic acid C18:0, Mw 284
Palmitic acid C16:0, Mw 256 
AKD from two C18:0, Mw 532,5

(M2xC18+H)+

(M2xC16+H)+

(MC18+C16+H)+

(M2xC18+H-CO)+

(M2xC18+H2O-
CO2+H)+

or

(MC18 +C16 +H-CO)+

(M2xC16+H-CO)+
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Total ion image

AKD sized paper by imaging TOF-SIMS
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Summary

• Advanced surface analytical instruments 
available
– ESCA, quantitative
– TOF-SIMS, qualitative

• Identification of surface molecules by 
TOF-SIMS

lignin
extractives

(resin) polysaccharides
coating colors

(binders, fillers)

sizes printing inks


