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Quantum cascade laser spectrometer (QCLS)

Mirror to aim
Mirrar to aim at eall hole IR Detector Red Trace
at detector / Laser

76 m Multi-pass Cell /

B e ——

Flip-in an--iﬁ o 16X, X-Y-Z N
= Ref. Cell  Etalon Adjust A
Mirrar to aim Pinhole
Aerodyne Research Inc. cell pattern size
‘\ll J.f

Cell volume O05L u

Path length cell 76 m

Pressure 40 Torr

Cell temperature ~22 degr. C

Transmittance
o 0994 0895 0995 0097 0998 0999 1.000

Laser temperature ~—-19.8 degr. C = cos
| H20 T=288BK, P=40Torr, L=76 m
1 CO
05I0.3 205I0.4 2050.5 205I0.3 2080.7 205I0.8 2050.9

Wavenumber [cm'1]


Presenter
Presentation Notes
QCLS


COS dry mole fractions: Water vapor corrections
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Water vapor corrections
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Water vapor corrections
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> Reason for positive relation between H2O and COS is because the baseline shape of the spectra is distorted by a small H2O peak. Split fit hardly has an effect on CO2 and CO.
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COS Scale transfer

Scale transfer Scale transfer
using an analyzer using an analyzer

Secondary
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NOAA Primary COS standard: gravimetric method

S
Ultra-pure dilution air (kg)
Pure gas or gas mixture (g l

I—:_,_:h

Pure liquid (mg)

Primary standard

e COS pure gas: 99.9% purity
* Uncertainty ~ 0.1-0.5%
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Uncertainty of QCLS COS, CO,, CO measurements

Uncertainty contributions COS [ppt] COs [ppm] CO [ppb]
Repeatability of the NOAA or WMO scale® 2.1 0.07 2.0
Transfer scale to working standards (lcr)b 2.8 0.12 1.7
Measurement calibration® 2.8 0.12 1.7
Water vapor correction (1o) 2.9 0.10 1.1
Measurement precision (1 min)d 5.3 0.09 0.3
Overall uncertainty 1.5 0.23 3.3

4 For COS: defined as the standard deviation of the measurements associated with the cylinder calibration. For

CO»y and CO: certified by the WMO central calibration laboratory (NOAA/ESRL).

b Average uncertainty over four cylinders in Table 2 (method 3).

€ Using the single bias correction (see Sect. 2.2.2) it is the same as transferring the scale to the working standards.

d The standard deviation over minute-averaged cylinder measurements after drift correction with reference

measurements every 30 min (Table 3).

Kooijmans et al., 2016
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% Measurement setup
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Ecosystem COS and CO, flux
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Ecosystem flux from EC, we observe night-time uptake of COS as expected (from CA light-independence)


7
Tt
S AL

Fcoo [umol m'2s'1]

FCOS [mel m'23'1]

university of
groningen

Ecosystem and soil COS anc
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CO, flux
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Branch COS and CO, flux
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Branch COS and CO, flux
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Leaf Relative Uptake (LRU)
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LRU per hour of the day (only daytime hours) averaged over the whole period, showing the light-dependence.
When CO2 fluxes become 0 around sunrise and sunset, COS flux is still ongoing, making LRU larger.
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Different response of COS and CO, fluxes to PAR
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Summary ——

Atmospheric measurement: dry mole standard

fraction, pay attention to the scale
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