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PTB activities in the MetNO2 project

FTIR method for impurity analysis in NO, standards

Description

NO, line data measurements

Description
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Experimental setup: Flow measurements
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Circulator (Julabo HE, water)
for T stablization at 296K
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* To achieve fast equilibrium state, gas cell and sampling lines
were flushed using NO, reference gas at 500 mL/min for
more than 5 min before the measurement.

Dynamic measurement: gas flow chart

Needle valve

On/off valve

2O 0

* All gas lines are coated with Silconert® coating.
Cylinder pressure
regulator MFC 200 mL/min
Deactivated & Close Pressure sensor Pressure sensor
Activated & Open 1torr 10 torr
%
Gas cell pressure was N
controlled precisely using
a needle valve. Pressure sensor Pressure sensor
100 torr 1000 torr
NO, reference gas
) 4
Chemical Q
pump
O——0-
Vent Out Turbo /@
pump

N, gas
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Static measurements: impurities
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Black: FTIR spectrum of 979 umol/mol NO, in air at 807 mbar at 296 K
in a 6.4 m absorption path after a day from initial filling.

Colour: Simulation of NO, and impurities using the HITRAN database.

Impurities change dramatically with time in static measurements.

Impurities reconstructed to t=0
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Relative changes of the integral band intensity as a
function of time.

Intensity decrease dramatically with time in an unpredictable way.

Static measurement is not suitable for accurate line intensity determination.

FTIR spectrum of 979 umol/mol NO, in air.
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Dynamic measurements: spectra
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Spectrometer: Bruker IFS125HR
Resolution: 0.005 cm™! Flow rat.e. . 200 sccm
SNR: >1000 Integration time: 9 hours
Source: Globar Signal stability: no change within 9h
Detector: MCT Pressure uncertainty: 0.3% (k=2)
Band pass filter 400 — 1880 cm™ P?th uncertaln'ty: 0.08% to 0.25%
Path length: 0.85m, 1.66 m, 4.89 m T inhomogeneity: 0.15K
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The HITRAN database: NO, (S

Transition intensities
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[2] A. Perrin et al. Journal of Molecular Spectroscopy 154, 391-406 (1992).
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Dynamic measurements: NO, line intensity at 1600 cm™ band

PIB

Measured (63.59 mbar, 1007.7 ppm)
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Example Voigt®ILS fit using PTB program

Intensity difference to HITRAN / %

m  VSL PRM 98.76 ppm (expanded uncertainty=1%, )
® Linde CRM 300.0 ppm (expanded uncertainty=1.2%)
A |Linde CRM 1007.7 ppm (expanded uncertainty=1.2%)

| Line 3

HEO e |
C Z

-LIII
Line 1

Uncertainty coverage factor, k=2

Major uncertainty components:
Amount fraction: 1%, P: 0.3%, L: 0.2%, ILS: 0.1%, Area: 0.1%
Note: HITRAN uncertainty 2-5%.
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Dynamic measurements: Impurities and dimer

PIB

Two gases: Red: 98.76 ppm VSL PRM, Blue: 1007.7ppm Linde CRM
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Ongoing work: quantitative results come later
“100“ ppm VSL PRM:

No sign of N,O and CO; H,0 band; HNO, band, trace
amount of CO,

e “1000” ppm Linde CRM

Clear N,O band at 2225 cm™, No H,O in sample ( but
inside spectrometer), clear HNO; band at 1710 cm'™?
and 1325 cm?, trace amount of CO,
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Future work and acknowledgement

Future work

e To improve accuracy of the NO, line intensities in the v3 band.
* To quantify impurity in the 1 ppm NPL PRM, using the 40 m silconert coated ICL multipass cell.

* To repeat measurements to check the stability of cylinder, re-assuring line intensity accuracy.
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