Enhanced CRDS Methods for Trace Gas Detection and Surface Analysis
I. Sadiek 1%, I. Piller ?, A. Kortzinger %2, D. Wallace 3, and G. Friedrichs1

lInstitute of Physical Chemistry, Kiel University, Kiel, Germany
HOSST|GEOMAR|Helmholtz Centre for Ocean Research, Kiel, Germany
SDepartment of Oceanography; Faculty of Science; Dalhousie University, Halifax, Canada

Organohalogen Detection Basic principle of CRDS

Ozone (O;) depletion

- Halocarbons play an important role in involving anthropogenic chlorine - " 1
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depletion . Tropical Tropopagse Layer (TTL) | tlmg
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* What is the role of the ocean for Light Optical Optical Cavity / Ringdown
halocarbon emissions? Source Switch Sample etector Signal
« What are the sources of halocarbons? Br (1) £ - For linear absorption:
. . -
How large is the variability of o T(H) = T t (19: decay time for the empty cavity, a: absorption
halocarbons emission? Troposphere 3 (t) =1Io exp | —cat — — .
Ozone (O5) chemistry c To coefficient)
. What controls the distribution of OH/HO,, NO/NO, -Cycles £
Deposition of mercury o Problem:
Halocarbons? Involvement in sulfur cycle g E
Aerosol and particle fcrmation E«% o 1, Needs to be measured
Problem: separately.
» Organohalogen detection is mainly T B - Temporal and spectral variation of
based on gas chromatography \ T~ T~ — Tg-
techniques that require considerable ’“ romi:atled an;l iodina;t_t’ed—‘:__? vtf:?lancfn Solution: Sat-CRDS
calibration effort and is limited to low S R AOLarbons s | _
Macro aleae I e - At high laser power, non-linear . \.\
sampling frequencies. S - _ Y= 0 T s =
absorption can occur due to the s ooy =05 (low oo
- 10 ygyc ’ (OW O) \\ \.
Solution: (adopted from Quack et al.) saturation phenomena. —+ =y,/y= 0.5 (high |) N
- Use of optical detection techniques such as cavity-ringdown spectroscopy. 10° — 7 10°
_ 0 20 40 60 80 100
- Unfortunately, most of the commercially available and field-deployable CRDS instruments are limited OL(V’I )) B OL(V,O)/ \/(1+S) t/us
to the most abundant trace gases such as, CO,, CH,, and N,O and operated in the near infrared (S: the saturation parameter)
(NIR) spectral range (where absorption cross sections are low). . The decay curves can be described by: 1(t) = | xexp(——) x f (t, t,l 0 o)
- The project will be concerned with the fundamental spectroscopic and experimental work needed to 1,
range the potential of cavity ringdown spectroscopy (CRDS) for environmental monitoring of various - By using saturation CRDS, as illustrated, the empty cavity decay rate and the gas
halogenated hydrocarbons including bromoform and methyl iodide. absorption are decoupled and can be retrieved from a single ringdown event.
Evanescent-wave CRDS Sat-CRDS
y A novel cw-IR laser source (PPLN OPOs )
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- Laborarory studies of atmospheric and Setup and First Data Example

marine reactions at quartz-air and quartz-

AV

water interfaces.

« TIR surface at the base side of the prism
mounted in the middle of the cavity induces

an exponential decaying evanescent-wave in

the space below.

« Chemical compounds can adhere at the base side of the prism, absorb energy

of the evanescent wave and thus decrease the ringdown time. .
The mode spacing between

- NIR-laser source provides radiation in the 1620-1690 nm spectral range (e.g., two longitudinal modes

CH overtone absorption).

New setup for trace gas sensing application.The infrared laser light AV = i
source (bluish illuminated devices) offers a wide tunability (L = 1.38 2l
- 1.60 um & 3.2 - 4.6 um), a narrow spectral bandwidth (Av of ringdown resonator
< 60 kHz @ At = 500 ps), and high output power (P~ 1.0 W). shown on the left.

Radiocarbon-CO, Detection [2,3]
Literature Example of High Sensitivity of Sat-CRDS
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 The actual minimum detectable 12%_- = Experimental data
concentration of 14Ct60, is 43 ppq. S Y= 11.9000)x+ 67(19) "2010" CO,
% 1000 -
- 14C/C ratios in the present natural S 80 -
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ew-cw-NIR-CRDS experiment abundance samples could be g 600 - 0 20 30
measured with an accuracy of EN 400 - =01,
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