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Surface analysis of polymers after plasma treatment



Derivatization - Labelling

principle • coupling of functional molecules on a certain type of 
functional group

demands • selective for a given surface 
• high yield 
• not too low rate
• no unspecific influence on surface



Demands on labelling reactions (A) 

yield • reactions known from organic chemistry
• usually high excess of the agent, in particular in 

liquid-phase reactions
• gas phase reactions at low p: limited by diffusion
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unspecific influence • swelling, dissolution 
• small unspecific effect: gas phase reactions
• but: what is the state we need to analyze?

• surface as formed 
or 

• surface as seen by an application 
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Demands on labelling reactions (B) 
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• introduction of new elements
• for a high sensitivity: F, I 
• but also N, S and others

• gas-phase reactions preferred
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Reaction with trifluoracetic anhydride (TFAA)
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Plasma Processes and Polymers; 5/4; 345-349; 2008
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Which is the best binding energy reference?  
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Determination of OH groups in PHEMA 
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Isolated OH groups in PVB 
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Overview OH-groups 

polymer BE CF3

[eV]

BE CF3 - 
ester 1 
[eV]

BE CF3 - 
ester 2 
[eV]

PVA-TFAA 294.3 291.2 288.5

PHEMA-TFAA 293.8 290.6 287.6

PVB-TFAA 293.6 290.4 288.1

Distance between 
CF3

Amines reacts also with TFAA 
forming an amide

F. Pippig, S. Sarghini, A. Holländer, S. Paulussen, H. 
Terryn; Surf. Interface Anal.; 2009, published online; 
DOI: 10.1002/sia.3043
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Determination of primary amine groups in PAAm
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Determination of secondary amine groups in PDAAm

BE CF3 : 292.2 eV
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Application: VITO plasma polymer
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• nitrogen np-plasma
• ethyl acetat 

A. Holländer, F. Pippig, M. Dubreuil, D. 
Vangeneugden; Plasma Processes and Polymers; 
5/4; 345-349; 2008; DOI: 10.1002/ppap.200700167

BE CF3 :
• OH groups = 293.3 eV 
• NHx groups = 292.6 eV
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Application: Analysis of network structure

BE CF3 :
• OH groups = 293.6  eV
• NH groups = 293.0 eV
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Conclusion

• parallel determination of hydroxy & amine groups

• densly packed OH 294.2 eV

• isolated OH 293.6 eV

• NH2 292.5 eV
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Calculation of functional groups concentration [X]:
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