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Executive Summary 

Following the establishment of the reference database of various gas species of interest in 
deliverable D3.2, a refined selection of the optimal wavelength windows for each individual 
species has been performed, taking into account the spectral interference of water vapor. 
These identified windows allow the detection of the target gas species with high selectivity 
and sensitivity. Furthermore, the cross-interference between individual gas species of 
interest has also been highlighted. These results will support future laboratory and field tests 
of the FLAIR sensor. 
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List of Acronyms 

Acronym Meaning 

SC Supercontinuum 

WP Work Package 

Table 1 – List of acronyms. 



 

Report on the reference database for optimal wavelength 
windows for species of interest 

FLAIR - FLying ultrA-broadband single-shot InfraRed Sensor  

 

 
732968-FLAIR-D3.3-Report on reference database for optimal wavelength 
windows for species of interest 

Page 7 of 13 

  

1 Introduction 

Work Package 3 (WP3) of the FLAIR project is dedicated to laboratory spectroscopy 

providing in-depth guidelines and feedback to other associated WPs. In particular, this 

document reports upon the identified optimal wavelength windows for various gas species of 

interest in the 2 – 5 μm and the 8 – 12 μm regions for the FLAIR sensor. Water (H2O) vapor 

is considered as the main interfering species and the target species of interest include: 

carbon dioxide (CO2), carbon monoxide (CO), nitrous oxide (N2O), nitrogen dioxide (NO2), 

nitric oxide (NO), ammonia (NH3), ozone (O3), sulfur dioxide (SO2), acetonitrile (C2H3N), 

methane (CH4) and benzene (C6H6). Note that even in some selected wavelength windows, 

unavoidable water absorption lines are still present, requiring the spectrometer to have 

sufficient resolution in order to distinguish them from the target absorption lines. Also note 

that other unidentified interfering species may also cause disturbance to the detection, and 

therefore the optimal wavelength windows are selected as broad as possible, allowing the 

coverage of multiple absorption fingerprints of the species of interest. 

 

2 Procedure 

This report was written by the participants listed in the table above under the lead of RU. 

More specifically, the following steps were taken: 

 Preliminary identification of the optimal wavelength window finished (25 th May 2018); 

 Internal discussion meeting at EMPA in Dübendorf (30th – 31th May 2018); 

 First draft of this document finished (14th June 2018); 

 inputs from all participants received (13th July 2018); 

 final revision and first issue (18th July 2018). 

 

3 The effect of water interference 

Atmospheric water vapor is known to absorb in both the 2 – 5 μm and the 8 – 12 μm region, 
naturally leading to spectral interference with various gas species of interest for the FLAIR 
project. This effect can be more pronounced with increasing temperature, as the water 
concentration can readily reach the 2% level at typical operating temperature of the sensor 
as shown in Figure 1A. Consequently, the water absorption signal can be several orders of 
magnitude higher than the signals from the target species of interest (at ppm level), 
potentially jeopardizing the practical operation of the FLAIR sensor.    

Figure 1B shows the absorbance spectrum of 2% water at one atmosphere and one meter 
optical pathlength. It is apparent that the intense band around 2.7 μm can effectively “bleach” 
the sensor, as almost 100% of the supercontinuum (SC) laser power in this region can be 
lost due to water absorption. This effect can significantly influence the detection of NO, as 
will be shown later on in Section 4.   

Consequently, it is essential to select the wavelength windows with minimum water 
disturbance while keeping the signals from the target species high. In regions where water 
absorption is unavoidable, however, it is important to quantify the water concentration by 
monitoring the associated water absorption fingerprints, equivalently leading to the 
subtraction of the water absorption baselines. 
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Figure 1 – (A) Typical water vapor pressure in contact with air at different temperatures. (B) 
Absorbance spectrum of 2% water at 1 atmosphere pressure and 1 meter pathlength. Note that 
an absorbance value of 10 corresponds to a power attenuation factor of 10 billion (10

10
). 

 

4 Identified optimal wavelength windows 

In this section, the optimal wavelength windows are allocated for each individual target 
species at the 1 ppm level, and therefore the conclusions can be also applied to >1 ppm 
concentrations. As the sensitivity of the FLAIR sensor is likely limited by the camera and SC 
laser noises, higher detectability (at the ppb level) is expected to be very challenging to 
achieve. Nevertheless, these wavelength windows can still allow sub-ppm sensitivity, 
because the absorption signal amplitudes therein are still significantly higher than the water 
absorption baselines for most of the target species. Several assumptions and criteria are 
applied for the selection of these wavelength windows as listed below: 

 The water concentration is 2%; 

 The spectrometer resolution is high enough (e.g. 0.1 cm-1) to resolve the absorption 
lines of water and the target species; 

 The FLAIR sensor noise in the 2 – 5 μm region is expected to be less than that in the 
8 – 12 μm region; 

 The regions with ~100% SC power attenuation should be avoided; 

 The absorption features of the target species should keep high contrast, as other 
unknown interfering species can be also present in practice; 

 The water absorption baseline (if not avoidable) should be well below the absorption 
signals from the target species; 

 The wavelength window can be either discrete or continuous, depending on the 
specific absorption patterns of the target species. For instance, CH4 has very sharp 
absorption lines, whereas C6H6 has broad absorption bands;  

 The absorption strength of the target species should be high enough for the FLAIR 
sensor to detect, even in water-free wavelength regions. 

 
 
 
 
Table 2 summarizes the identified optimal wavelength windows for each species of interest 
based on the above considerations. For example, the absorbance spectrum and associated 
windows for NH3 and CH4 are shown in Figure 2 and Figure 3, respectively. Note that the 
detection of NO is extremely challenging for the FLAIR sensor, because its main absorption 
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band falls out of the SC coverage (2 – 5 μm and 8 – 12 μm) and the overtone band at ca. 2.7 
μm is completely screened by water attenuation as shown in Figure 4. The absorbance 
spectra of other species in the presence of 2% water are shown in the Appendix.   
 
 
 
 

Table 2 – Identified optimal wavelength windows of each species of interest. 

Species Wavelength window (nm) 

CH4 
3220–3222, 3239–3242, 3249–3252, 3269–3271,  3290–3292, 3311–3316, 
3367–3369, 3390–3394, 3402–3405, 3414–3418, 3426–3430 

CO2 4184–4390 

N2O 4420–4600 

NH3 
9215–9225, 9545–9570, 10060–10090, 10320–10410, 10660–10835, 
11510–11535 

NO2 3414–3472 

O3 9400–9900 

SO2 
3960–4060 (more challenging), 8472–8481, 8609–8655, 8715–8782, 
8824–8912 

NO 2638–2788 (screened by water) 

C2H3N 
4320–4329, 4337–4339, 4384–4389, 4410–4414, 4419–4423, 9230–9237, 
9337–9347, 9540–9550, 9642–9650, 9693–9700, 9742–9752, 9795–9802, 
10864–10881 

C6H6 3200–3350 (more challenging), 9350–9952 

CO 4510–4840 

 
 
 
 
 

 
Figure 2 – (A) Absorbance spectrum of 1 ppm NH3 (red curve) in comparison with the water 
absorbance background (dark grey curve). (B) Selected optimal wavelength windows for NH3. 



 

Report on the reference database for optimal wavelength 
windows for species of interest 

FLAIR - FLying ultrA-broadband single-shot InfraRed Sensor  

 

 
732968-FLAIR-D3.3-Report on reference database for optimal wavelength 
windows for species of interest 

Page 10 of 13 

  

 
Figure 3 – (A) Absorbance spectrum of 1 ppm CH4 (red curve) in comparison with the water 
absorbance background (dark grey curve). (B) Selected optimal wavelength windows for CH4. 

 

 
Figure 4 – Absorbance spectrum of 1 ppm NO (red curve) in comparison with the water 
absorbance background (dark grey curve). 

5 Concerns about cross interference 

As a certain species of interest may not only interfere with water but can possibly also 
interfere with another species of interest, it is necessary to consider the cross interference 
effect, which is very complicated as it is dependent on both the relative concentration and the 
absorption cross section of the two species of interest.  



 

Report on the reference database for optimal wavelength 
windows for species of interest 

FLAIR - FLying ultrA-broadband single-shot InfraRed Sensor  

 

 
732968-FLAIR-D3.3-Report on reference database for optimal wavelength 
windows for species of interest 

Page 11 of 13 

  

 

However, this effect can be neglected in some extreme cases, where the absorption strength 
or concentration of one species is significantly higher than that of another species. In case 
this effect is not negligible, the problem can be solved by employing a global fitting algorithm 
considering the contributions of multiple absorbing species to the overall absorption. A 
detailed discussion of this algorithm is provided separately in deliverable D3.6 (i.e. report on 
the procedures to fast collect/process spectroscopic data). A simulated data processor based 
on LabVIEW has also been developed as deliverable D3.5 (i.e. spectroscopy data processor 
for real-time monitoring). Figure 5 shows the absorbance spectra of the identified cross-
interfering species at 1 ppm level. 

 

 

Figure 5 – Absorbance spectra of  the identified cross-interfering species at 1 ppm level. 

 
 

6 Summary 

 

This document presents the optimal wavelength windows for various gas species of interest 

in presence of water. The most important cross-interfering species (due to absorption 

overlap) are also identified. These results will be instructive to select the spectral operation 

windows of the FLAIR sensor in future field tests. In the 2 – 5 μm region, CH4 is proposed as 

the initial test species because of its high absorption strength around 3.3 μm, sharp 

absorption features and high impact to the society and environment. In the 8 – 12 μm region, 

NH3 is likely the most suitable species to start with, as this species absorbs broadly and 

intensely. Note that water interference in the 8 – 12 μm region is less severe as compared to 

that in the 2 – 5 μm region, allowing water-free wavelength windows obtainable for NH3.  
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7 Appendix  

The absorption spectra of CO2, CO, N2O, NO2, O3, SO2, and C2H3N at 1 ppm level in 
presence of 2% water and the identified optimal wavelength windows are shown below. 
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