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✓Doppler broadening

✓Below 100 Pa

✓High precision

✓Laboratory setup

✓Rotational distribution

✓1 Pa to 100 kPa

✓Intermediate precision

✓Laboratory setup

✓Field application

✓Satellite T retrivals

✓Refractive index 

✓1 Pa to 100 kPa

✓High precision

✓Laboratory setup 

Bias up to 200 mK for PT10004
Sensitive to radiation 03

Large self-heating 01
Low heat capacity for gases02

Bias up to 600 mK for Radiosonde05

High accuracy spectral line data (CO, CO2, O2, up to 0.1% uncertainty) for spectrometric gas thermometryWP1

Development of spectrometric gas thermometry at 200 K - 400 K with target uncertainty of 25 mKWP2

Metrologcial validation:  cross-validation of RVSGT, DBT, and RIGT with ITS-90WP3

0.76 µm A-band: 

    PTB, DLR

Quantum Chemistry:

CO2, O2, CO: 

UCL, RUG

CO2

1.57, 1.61 µm:  UMK, PTB, 

DFM, UME

1.95 to 2.05 µm:  SUN, PTB

2.8, 4.3 µm:  DFM, PTB

CO

1.57 µm: UMK, DFM, TUBITAK, PTB 

4.85 µm:  DFM, UMK, PTB 

2.6 µm: PTB

O2 Calc.

Up to 

0.1%

Primary Spectrometric Thermometry for Gases 
Gang Li1,*, Humbet Nasibli2, Kianoosh Hadidi3, Aleksandra Kyuberis4, Carmen Carcia Izquierdo5, Daniel Lisak6, Piotr Masłowski6, 
Katarzyna Bielska6, Kirill Berezkin1, Alexandra Lüttschwager (Domanskaya)1, Tom Rubin1, André Kussicke1, Zhechao Qu1, Judith 
Krakowski1, Rainer Stosch1, Reidun Anita Bergerud3, Åge Andreas Falnes Olsen3, Roman Ciuryło6, Agata Cygan6, Szymon 
Wójtewicz6, Yurong Xu6,7, Grzegorz Kowzan6, Akiko Nishiyama6,8 , and the PriSpecTemp consortium9.

10 peer review publications

2 Good Practice Guides

Accurate molecular spectral datasets

New Primary Gas Temperature standards
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MIR laser : 295 K vs. 1080 K vs. 2120 K

Temperature dependance of molecular line intensity  
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Challenges for contact thermometers for Gases

Inter-laboratory comparison with FTIR, TDLAS, CMDS, CRDS, Comb-FTS

NCU measured line intensities of 10 lines from the CO (3-0) 
band with 0.8-1.1 ‰ standard uncertainties using the 
cavity mode dispersion spectroscopy (CMDS). 

Using P & R lines:  -20 ± 34 mK
Using P lines:        -90 ± 60 mK
Using R lines: 20 ± 40 mK

T(Spectroscopic) – T(ITS-90)

PTB measured line intensities of two lines from the CO
(1-0) band at 295 K, 1080 K, and 2120 K.

Paths (red line) for 
temperature monitoring 
extend from the top to 
the end of the gas cell. 

Illustration of thermal 
radiation from the gas 
cell to the vacuum house 
and optical windows

JV utilized Finite Element Method (FEM) to analyse the 
thermal behaviour of newly designed optical gas cell.

NCU prepared a frequency Comb-based OPO spectrometer 
with a multi-pass cell temperature stabilized with 10 mK
uncertainty to measure CO 1-0 band.

PTB measured a set of FTIR absorption spectra of neat 
oxygen at 300 K and 296 K.
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