Data processing and associated uncertainties of a quantum cascade laser spectrometer
for simultaneous detection of NO, NO2, SO2 and CO at nmol/mol levels
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CONTEXT / OBJECTIVES
The European Directive on “Ambient air quality and cleaner air for Europe” (2008/50/EC) sets limit values and data quality objectives for the measurement in the EU member states of air pollutants in ambient air.
This Joint Research Project (JRP - MACPoll) addresses the need of improving the metrological traceability and comparability of measurement results in current air monitoring techniques and the need of setting-up
the metrological bases for the upcoming sensor technology used in air quality applications.

DATA PROCESSING and SOFTWARE INTERFACE
The mole fraction of the analyte (x) can be calculated from Beer-Lambert law and the ideal gas
law according to the following equation:
Aline ⋅ k B ⋅ T

x=

ST ⋅ L ⋅ p

where Aline is the integrated absorbance, kB the Boltzmann constant, T the temperature of the gas
into the cell, ST the line strength at T, L the optical path length and p the pressure into the cell.
Determination of the parameters
 Line strengths ST0 are given by the HITRAN 2012
database at 296 K. As the operating conditions vary,
ST0 should be recalculated such as:
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 Each experimental spectrum is fitted
by a theoretical spectrum corresponding
to the Beer-Lambert law convoluted
with the laser response. In this spectrum,
each absorption line is defined by a
Voigt profile and the fitting parameter is
the integrated absorbance Aline (plus
other parameters if desired).

where QT is the partition function (tabulated for each
analyte as a function of temperature), E the lower state  The absorption cell 652(l)5.11652( )-4.69014
energy of the transition (given by the HITRAN 2012
database), h the Planck constant, c the speed of light
and ω0 the main optical frequency.
A software (running under Matlab) taking into account all the parameters quoted above has been
developed by LNE and CNAM in order to get traceable amount fractions. A graphical user
interface (GUI) has also been created to make easier data processing for the user.

