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Project objective

ÅTo improve current laser absorption 

spectroscopy to get ready for breath 

analysis
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Project overview

ÅPartnership: 

VSL (NL)1, DANIAmet-DFM2 (DK), IPQ 

(PT)3, Cnam-INM (FR)4, PTB5 (DE)

ÅDuration: 36 months (start: May 2008)

ÅBiomarkers:

ïacetone (diabetes)

ïethane (lipid peroxidation)

ïammonia (renal fuction)

ïnitric oxide (asthma)

ïformaldehyde (breast cancer)

ïé
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Metrological challenges

ÅMeasurement of backgroud [air]

ÅMeasurement at (sub) nmol/mol 

levels

ÅDealing with interferences; no 

separation step in spectroscopy (!)

ÅMore than 250 species potentially 

clinical relevant
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Stages in the project

ÅInstrumentation
ïSetting up spectroscopic facilities

ïOptimising performance for selected 
molecules

ÅLine strength measurements
ïCombining strengths of reference gas 

mixture preparation and spectroscopy

ÅInterferences
ïAssessing & optimising performance in 

presence of moisture and CO2
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Laser absorption spectroscopy

ÅSufficiently sensitive

ÅLibrary data often good in terms of 

wavelength

ÅGas mixtures used often of 

questionable accuracy

ÅMeasurement issues

ïLine broadening

ïMatrix gas

ïLine positions
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Line profiles: pressure 

dependence

Pressure

ÅHigh: Lorentzian profile (pressure broadening)

ÅLow: Gaussian profile (Doppler broadening)

ÅIntermediate: Voigt profile (convolution Gaussian/Lorentzian )

Methane

This is what you measure

This is what you want to know
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Principle of Cavity Ringdown 

Spectroscopy (CRDS)

1. Laser beam incident on cell with high reflectivity mirrors (R~99.97%)

2. Distance between mirrors is changed using a piezo

3. At certain length, light couples into the cavity and intensity builds up

4. If the intensity reaches certain threshold, laser is switched off

5. Light leaking out of the cavity decays exponentially 

With absorbing gas present: faster decay

Č Decay time is measure for the gas absorption in the cell
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Decay time

With

Ű= decay time (s)

d = cavity length (0.50 m)

c = speed of light (299,792,458 m/s)

R = mirror reflectivity (~99.97%)

Ŭ(ɜ) = absorption coefficient gas (m-1)
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Emptyô cell (i.e., no absorbing gas present):Ű0= 5.56 µs

Cell filled with 2.5 ppbv CH4: Ŭ=10
-5 m-1 at 3241 nm, soŰ= 5.47 µs

Č Accurate determinationŰis crucial.
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Reference gas mixture 

preparation

ÅGravimetry (ISO 6142)

ïóholy grailô in gas analysis

ïMost accurate for components that can 

be kept stable in cylinders

ÅDynamic methods (ISO 6145)

ïWidely used for environmental, medical, 

and air quality applications

ïNo (long-term) stability issues
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Methane and ethane

ÅStable components

ÅPreparation of a series of gravimetric 

mixtures down to 1 nmol/mol

ÅMeasurement with CRDS to check

ïLinearity

ïCompleteness of spectroscopic library 

data

ïAccuracy of spectroscopic data

ïPotential of technique for breath analysis
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Ethane measurement

NMi  - the Art of Measurement
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Only strongest peaks are present.
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Comparison with Hitran

NMi  - the Art of Measurement
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measurements shifted +0.01 cm
-1

Peaks 3086.04 cm-1 match better than at 3085.85 cm -1
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Different also at low pressure

NMi  - the Art of Measurement


