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Development of Attenuated Total Reflection Infrared Microscopy and
Some Applicationsto Microanalysis of Organic Materials

Yasuo Esaki, Kyoko Nakai, Toshimi Araga
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Abstract

Attenuated total reflection (ATR) infrared microscopy
has been investigated for use in the microanalysis of the
surface of organic materials, such as plastic, rubber and
paint. A unique ATR unit, consisting of an ATR prism and
asample holder, is has been designed to achieve ATR
measurements using a conventional infrared microscope.
The prism, made from zinc selenide, has the shape of apillar
with a hexagonal cross-section. The prism comprises four
totally reflecting surfaces including a sample-contacted
surface on which an infrared beam isfocused. The
reflecting surfaces are oriented so that the optical axis of the
incident beam way agree well with that of the outgoing
beam even if the measured point of interest is shifted on the

sample surface. Consequently, this ATR infrared

mi crospectroscopic technique enables not only a point
analysis but line and area analysis. The fundamental
performances of the ATR technique are as follows: The
minimum measurement size in the point analysisis about
10 um square. The precision of absorption intensity and the
resolution in the line analysis are 1.0% in the coefficient of
variation and 20 um in length, respectively. The effective
dimensions for the area analysis are 1.3 mm by 6.6 mm.
Furthermore, the availability of this ATR system was
confirmed from some applications to the microanalysis of
organic materials and products.
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Fig. 1 Appearance of ATR unit.
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Fig. 2 Sideview of ATR unit attached to infrared

microscope.
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Fig. 3 ATR prism and conceptual drawings of
measurement : (a)cross section of ATR prism,
(b)method of line and area analysis.
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Fig. 5 ATR spectrum on cross section of 12um thick

film ( polyvinylidene fluoride). Slit size of
microscope : 10um % 10um.
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Fig. 6  Effective length of measurement in line
analysisinthedirection of Y. Theline
profiles were measured on the surface of
acrylic resin type adhesive. Slit size: 50um

x  50um ; Stepping width : 500um.
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Fig. 7 Resolutionin line anaysisin the direction of

Y. Theline profile of epoxy resin ( 1511cm ™)
was measured across the interface of two-
layer film : (Q)epoxy resin and (b)cellulose
acetate. Slitsize: 10um x 25um ; Stepping
width : 10um.
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Fig. 8 Resultsof line analysisin the direction of X

using two types of microscopes with the
different numerical apertures of (a)0.50 and
(b)0.28. The line profiles were measured on
the surface of acrylic resin type adhesive. Slit
size: 50um x  50um ; Stepping width :
280um.
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Fig. 9  Variation of ATR spectraat different

measurement positionsin the direction of X :
(a)0.56mm right, (b)center, (c)0.56mm |eft.
The spectra were measured on the surface of
aliphatic epoxy resin ( 1um thick ) coated on
NBR using the microscope with the numerical
aperture of 0.5. Slit size: 50um x  50um.
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Fig. 10 ATR spectrum of fiber-like foreign matter
( 20um in diameter ) on coating surface. Slit
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Fig. 11 Line profiles of components on the surface of
friction materia : (a)phenoalic resin, 1630cm™,
(b)silicate fiber, 930cm ™, (c)cashew resin,
2925cm™. The white arrow on the photograph
shows the range of measurement. Slit size:
50um x  50um ; Stepping width : 50um.
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Fig. 12 Line profiles of components on fabric surface:

(A)polyester fiber, 1280cm™, (B)silicone resin
as surface treatment agent, 800cm . The
arrows indicate well-coated points of silicone
resin. Slit size: 10um x 30um ; Stepping
width : 10um.
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Fig. 13 Depth profiles of plasticizer in PVC. Slit size
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Fig. 14 Mapping profile of SBR on the surface of
SBR-dispersed polypropylene. The arae
bounded by the broken line on the photograph
was measured. Slit size: 20um x 20um;
Stepping width : 20um(Y) and 28um(X).
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