Dr. Andrew C. R. Pipino
Physical and Chemical Properties Division

Chemical Science and Technology Laboratory
National Institute of Standards and Technology
Gaithersburg, Maryland 20899
Phone: (301) 975-2565

Fax: (301) 975-3672

Ya1(2)}a



mailto:andrew.pipino@nist.gov

A novel miniature spectrometer is being developed
that permits ultra-high sensitivity chemical detection
in remote or hazardous environments. The technology
employs a miniature total-internal-reflection-ring
optical cavity to extend the cavity ring-down concept
to condensed matter for the first time. A detailed
theoretical model and two levels of prototyping have
been successfully completed. The ultimate potential of
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+New technique for measurement of optical absorption




Use Total Internal Retlection

+Requires O, > O_=sin'(n,/n,) .
4+Ultra-high reflectivity AN e
4+Broadband ‘

+Evanescent wave defines the sampled path length
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Laser pulse
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Intrinsic losses
A synergistic combination

4 Ultra-high sensitivity

Evanescent waves 4+ Broadband

+ Wide T and P range
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The Experiment

Saturation coverage ~10 % of a monolayer
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+Gaps controlled piezoelectrically/ monitored interferometrically

#Detection limit of ~40 ppm of a monolayer of I,
+Final form can be packaged w/fiber optics



For fused-silica cavities (visible and near-IR) :

+Square geometry is optimal for thin-film diagnostics

+Octagonal geometry is optimal for bulk aqueous solutions
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Other materials exist for other spectral regions:




4 A fundamentally new technology for chemical sensing has been:
“+conceived

+elucidated theoretically through a general model
+realized experimentally (quantitative agreement with theory!)
+patented and published

4 The technology has important properties for the EMSP mission:
+spectroscopic detection/characterization
+sensitivity approaching single molecule detection
4+ miniaturizable
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