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Analysis of Subnanometer Surface Layers on Polymer Materials
by Surface-Enhanced Fourier Transform Infrared Spectroscopy
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The analysis of subnanometer surface layers on polymer films, which are only analysable by x-ray
photoelectron spectroscopy or secondary ion mass spectroscopy, has been demonstrated by the use of
surface-enhanced Fourier transform infrared spectroscopy with the use of silver island films. 1.0nm thick
polydimethysiloxane (PDMS} surface layers on polyethyleneterephthalate films were successfully identifiable
by measuring the PDMS that was transferred onto the silver-deposited BaF2 substrates under pressure. This
approach greatly improves the signal-to-noise ratio of the surface layer absorption. The detection limit of the
PDMS surface layers is~0.2nm. The present method gives a considerable amount of information about
surfaces, such as chemical composition and chemical structure. This is a highly promising method for
analysing subnanometer surface layers which consist of liquid or semisolid materials, e.g. oil, lubricant,

plasticizer and surface-active agent, onpolymer materials.
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Fig.1 Optical configuration of transmission surface-enhanced
infrared spectroscopy
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Fig.2 Transmission spectra of TPP on BaF: substrates;

{a)0.05 nm thick TPP, 8 nm Ag;:(b}0.1 nm thick TPP,

8 nm Ag;{c}0.2 nm thick TPP, 8 nm Ag;{d)0.2 nm thick

TPP, without the Ag films
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Table 1 Limits of detection of several compounds on
BaF; substrates

Compound Surface-Enhanced IR Normal R Enhancement
Triphenylphosphate (TPP) 0.05 nm 5 nm 100
Diethylphthalate (DEP) 0.1 20 200
Diethylhexylphthalate (DEHP} 0.1 20 200
Polydimethylsiloxane (PDMS) 0.05 10 200
Polycarbonate (FC) 0.08 8 100
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Fig.3 X-ray photoelectron survey spectrum of 1.0 nm thick
PDMS coated on a PET film
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Fig.4 C1s X-ray photoelectron spectrum of 1.0 nm thick
PDMS coated on a PET film
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Fig.5 (a) Transmission surface-enhanced FT-IR spectrum of
PDMS transferred to the 8 nm thick Ag-deposited BaF:
substrates from a PET film coated with a 1.0 nm thick
PDMS layer {b} FT-IR/ATR difference spectrum of a
PET film coated with a 1.0 nm thick PDMS thin layer
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