Frontiers of mid-IR Direct Absorption Laser
Spectroscopy: Applications, Advances and Outlook

B. Tuzson, J. Jagerska, M. Maggold, J. Mohn, H. Looser, L. Emmenegger

Empa, Laboratory for Air Pollution & Environmental Technology, Switzerland




Outline

High precision <> low footprint
High sensitivity <> multi-species

Outlook & Summary




High precision

isotope ratio measurements of trace gases

12C1602 13C1602 12C160Q 180

Natural abundance: 98.42% 1.11% 0.39%

Atmospheric mixing ratio: 395.3 £ 0.1 ppm (2013, NOAA)

Target sensitivity: 0.05 %o for 8'3C and 0.1 %o for 880

Variations to be analyzed: ~ 2 x 10-10




Simulated v, ro-vibrational bands of the CO,
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Measured vs. Simulated
absorption spectrum of the CO,
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QCLAS combining Balanced-Absorption with Spectral Ratio method




Precision & Stability

Allan variance plot

Precision (10)

1s: 0.5 %o
60 s < 0.07 %o
600 s < 0.03 %o

Yoar 10w

2006  0.16 %o
2009  0.046 %o
X 2012 0.025 %o
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Short term variations of CO, stable isotopes
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Tuzson et al., ACP (2011) ; Sturm et al. AMTD (2013)




Regional Pollution Events

pollution period from 2009020508 to 20058020708
o 4 8




Long-term time series of tropospheric CO,

14
6 years continuous monitoring; ~2x10 laser pulses
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Low footprint ?
» optics
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Absorption Cell FEeY

" No.movable parts
s Toroidal design corrects
optical aberrations

. Flexibility for alignment
|
«_High path-to-volume Jratio |




QCL in HHL package

Fringes in QCL output
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QCL in HHL package

Finding and removing the problem




Shoe-box size instrumentation

Jouy et al., Analyst, (2014).




Towards compactness and portability...
* driving electronics

m Continuous Wave (CW)

1A

threshold

200 us

®m intermittent Continuous Wave (iCW)

Duty ~ 10%

r
DCC

threshol

Fischer et al., Opt. Express (2014)




Intermittent cw driving - characteristics

icw-QCL driver

fully analog
on-board trigger
< 1 W power consumption

decoupled from power supply
during lasing




Prototype of a portable QCLAS

Prototype breath analyzer for
stable CO, isotopic species
shown at Photonics Europe
(Innovation Village) April 2014




High Sensitivity & Multispecies

Laser Zﬂ

NO

Wavenumber (cm’




Simultaneous measurements of NO and NO, by QCLAS
e Optical Setup

\\‘*{ 3

204 m optical path
434 refléctions

McManus et al., Applied Optics, 2011




Simultaneous measurements of NO and NO, by QCLAS

* Spectrum

NO
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Tuzson et al.,, AMT(2013)




Simultaneous measurements of NO and NO, by QCLAS

* Allan plots

collected data time collected data time
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Sensitivity «test»
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Q: Multiple trace gases in a compact instrument?
A: Multi-wavelength lasers

Dual-wavelength QCL

» Heterogeneous cascade active
region design

Emission 1600 cm-' and 1900 cm!
for NO, and NO detection

Sequential operation due to
electrical separation

(‘'re) asuaasaulwnjonos|ly
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Emission spectrum

Absorption (%)
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Spectroscopic Setup

Allan deviation = (ppm)

Laser Driving

Dual-A
Pulser QcCL

Computer
xe - X

Trigger, Ramp Switch
X (100 Hz)
Digitizer/Oscilloscope . _Detector

reference beam

Multipass cell I

Gas OUT




Atmospheric measurements
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Outlook: The vision of «multi-species» analytics
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Summary
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