
Traceable spectral reference data of atmospheric 
species at the PTB FTIR central facility
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• Line intensities of the P(22) to R(22) lines of the CO 3-0 band 
are reported at permille level accuracy and compared to 
CMDS/CRDS measurements and ab initio calculation [9].

• The present work of CO is the foundation for CCQM Task 
Group on Advanced Spectroscopy to promote the 
development, realization and harmonization of primary 
spectroscopic methods for amount of substance through 
rigorous intercomparison experiments.  

• We propose the accurate (3-0) CO line intensities to be used 
as intrinsic spectroscopic references.

• For NH3, independent amount fraction measurements show 
that our line intensities measured by TDLAS give more 
accurate results than the current data in HITRAN. We plan to 
do further measurements of NH3 line intensity using FTIR.

• Optical isotopic ratio method using line intensity ratios 
[4,16,17] is a novel alternative compared to mass 
spectroscopy, offering field deployable size and continuous 
measurement mode. 
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Molecule Method Bands
(µm)

Best uncertainty
(k=1) 

CO [9] FTIR 1.57 0.14%

N2O [7] FTIR 2.25 0.15% 

CO2 FTIR / TDLAS 2.01, 2.72 0.37%
0.5%

H2O TDLAS / FTIR* 1.37,1.39,
2.55,2.71

0.5%

NH3 [13] TDLAS / FTIR* 1.53 0.5%
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Spectrometers Two Bruker 
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Wavenumber (cm-1)

Line intensity (S) uncertainty contribution (k=1)

Combined uncertainty = 1.38‰

WMO GAW stations

P(10)     P(9)       P(8)       P(7)
Measured spectrum of the CO 3-0 band

More details at www. eumetrispec.org [6,7]

• WMO GAW program [1] requires accurate knowledge of 
traceable spectral line parameters [2] for remote sensing 
products.

• CCQM new Task Group Advanced Spectroscopy aims to 
harmonize the primary spectroscopic methods for amount 
of substance.[3]

• Accurate line intensity has other important applications 
such as absolute isotopic composition [4], spectroscopic 
temperature determination [5].

NH3 line intensity comparison [13]

CO,  3-0 band

* In plan

Parameter Value
Line shape function IUPAC recommended [8] 
Line mixing model Rosenkranz

Signal-to-noise ratio Up to 5100
Instrumental function LINEFIT program

Doppler width Calculated

Reduced quantum number (m)

FTIR (PTB)
CMDS&CRDS (NCU, NIST)

Ab initio (SUCL)

10 10

5

3
2

0.40.12 0.5 1 0.7 0.4 0.01

Path length Line area Apparatus
function

Pressure Temperature
effect

Isotopic and
purity

‰ 

Default FTS PTB optimisation

CCQM-P204 [17]: PTB IRMS vs. PTB OIRS

Isotope ratios from peak areas 
of CO2 isotopologues [16]

OIRS method
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