AERODYNE RESEARCH, Inc

I D . . AFRODYNE

Atmospheric Trace Gas
Measurements With Pulsed-
Quantum Cascade Lasers:
sub-ppb Ammonia Detection

Mark S. Zahniser

Fraunhofer IPM QC Laser Workshop
February 2001



Outline

I DN D DN DN e e OO0

m [echnique
— Pulsed-QC Detection Method
— Advances in Hardware and Software

m Open Path Ammonia Measurements
— Automobile Emissions

m Closed Path Indoor Air Ammonia
m Applications to Other Gases



TILDAS APPLICATIONS
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m Atmospheric Fluxes m Combustion Exhausts
— CH,, N,O, NO,, — NOx, HONO, NH,
HNO;, NH, S0,, SO,
m Urban Air Pollutants m Plasma Processing
- CO! SOZ! HZCO! —_ C2H6, C2H4, C2H2,
HONO, NO, NO, CH,, HO,
m Tracer Studies m Petroleum Exploration
— CH,, CO,, N,0, O, — C,H¢, CH,

m Cigarette Smoke

— NH,, H,CO, CH,OH,
C,H,, H,C,0



Cryogen-Free Pulsed QC Lasers
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ADVANTAGES:

m Decreased Instrument Size and Weight
m Reduced Transport Logistics

m Unattended Remote Monitoring

m “Turn-Key” Operation

m Improved Safety

DISADVANTAGE:
m Increased Laser Line Width



DIRECT ABSORPTION SPECTRA ANALYSIS
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QCLAS Schematic
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Comparison of Multipass Cell Designs
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intensity (mv) bypass signal

Optical Delay with Multiple Pass Cell

I DN D DN DN e e OO0

0.5 — — 0.14
— 012 =
0.4 — o
— 0.10 2
. <
0.3 — —— bypass signal - 008 §
— cell signal 2
0.2 — At=699(1) ns — 0.06
path difference =209.5 m . 0.04 ®
01 — 238 passes x0.883 m=210m ] é'
— 0.02 S
2
0.0 — o S . — 0.00
[ T I I I
0 200 400 600 800x10'9
time (sec)

POTENTIAL FRINGE SUPPRESSION



TUNING RANGE OF QC LASER
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Ethylene in Low Pressure Multipass Celi

AR A

506
3 80 ppm Ethylene in air
= Pressure =6 torr
S 0.4 — Pathlength =209 m
- T=296K

0.2 —o— data

Hitran simulation
0.0 — — convolved with 0.007 Cm'1 hwhm Gaussian lineshape
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QC Laser Linewidth
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0.996 —
< 0.006 cm-1
é 0.994 7 hwhm with B B e
£ 0.992 — 14 ns pulses tdl fit: 22 ppb, linew idth=0.006 cm '
0.990 — A R Hitran Simulation: 22.3 ppb NH,
—— Simulation convolved w ith
0.988 — Gaussian laser linew idth of 0.0059cm’’
---- Best simulation w ith linew idth of 0.007cm-1;
0.986 — 25 ppb
¥ |

I I — I I I I —
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Frequency (cm )

20 ppb NH; in room air
Pressure 20 torr
Pathlength 209 m



Relative Signal Strength

TILDAS Remote Sensing
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NH; (ppmv-m)

NH; in Automobile Exhaust
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TRANSMISSION

AMMONIA DETECTION in ROOM AIR
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Signal Processing Software
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Sweep integration with 100% duty cycle
CW or Pulsed Laser

Pulse height normalization

Spectral scans two lasers

Automatic background subtraction

Absolute species concentrations determined by
nonlinear least squares fit

Interfaced with HITRAN spectral database
Steady state data rate: 20 Hz
Burst mode data rate: > 10 kHz



SIGNAL PROCESSING SOFTWARE
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TRANSMISSION

PROJECTED DETECTION LIMITS
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1.0000 —
0.9995 —
path length 210 m ﬁ
cell pressure 60 Torr
0.9990 — laser line width
0.01 cm-1 — NO,
NO,Tppb Voigt line shape
H,0 0.1% — background
abs=4.4e-4/ppb — NO, + bkg
0.9985 —
| | | | 1
1599.4 1599.6 1599.8 1600.0 1600.2 1600.4
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HITRAN TRANSMISSION
SIMULATION for NO,
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NH,
NO,
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co
N,O

HNO,

C,H,

NO

CH,
SO,
CH,

HCHO
H,0,

cm-1 Precision
1s RMS
967 50
1600 80
2060 100
2190 120
1306 180
1720 200
1365 230
1905 270
1306 290
1370 310
950 360
1764 350
1267 1000
10-12 viv (ppt)

LOD
100 s

20
40
40
50
70
80
90
110
115
120
140
140
400

Limits of Detection for S/N=2

Path Length 210 m



COMPACT DUAL-QCLAS
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Precision
ppb Hz/2

CH, 0.8
N,O 0.5
CO 0.5

Applications:

Eddy Fluxes
Atmospheric Tracers
Pollution Monitors



Pulsed-QC vs TDL

I DN D DN DN e e OO0

m No Cryogens m Narrow line widths

m Good mode quality — <.001 vs .006 cm-1

m Excellent stability m Wide tunability

m High power >1 mW — 200 vs 2 cm-1

m Reduced fringes m Established user base
_ lower drift m Proven longevity with
_ longer paths continuous operation

— lower volume
m Off-gate for zero



CONCLUSIONS
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PULSED QC LASERS CAN PROVIDE CRYOGEN-FREE
ATMOSPHERIC TRACE GAS DETECTION WITH BOTH OPEN
AND CLOSED PATH SAMPLING

DETECTION SENSITIVITY WITH PULSED-QC LASERS CAN
BE COMPARABLE TO cw TDLs

TECHNIQUES DEVELOPED FOR TDLs ARE DIRECTLY
APPLICABLE TO QCLS

IMPROVEMENTS ARE EXPECTED WITH NARROWER
LINEWIDTHS AND IMPROVED PULSE NORMALIZATION

POTENTIAL FOR COMPACT INSTRUMENTATION AND
REMOTE OPERATION FOR ATMOSPHERIC AND
INDUSTRIAL PROCESS MONITORING
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