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(1) Introduction
— Highly-sensitive absorption methods

(2) Experimental Principles
— The use of optical cavities in absorption

Spectroscopy of gaseous species

(3) Research Group Activities

— Trace gas detection

— Light detection and ranging (LIDAR)
— Supersonic jet spectroscopy

— Biomolecules on surfaces

— Nonlinear molecular dynamics
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Conventional absorption
Spectroscopy

Absorbing sample (e.g. Gas)
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Absorbance (=optical density) A:

A=In(l1/1)=da(})=dnc())

Intensity |

o = absorption coefficient [cm™!], d = sample lengt

N [cm]

N = number density [cm™], ¢ = cross-section [cm?]



Conventional absorption
spectroscopy
Absorbing sample (e.g. Gas)
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Goal: measurement of minimal absorption coefficient a.
(L) =no(i)

Depending on approach: a = 107...10-19 ¢m-!




Key principle to enhance the
absorption sensitivity:

Increase the optical path length.

Established method In trace gas detection:

Long-Path Differential Optical Absorption Spectroscopy
(LP-DOAS)

up to several kilometers

Alternative: Methods using stable optical cavities!



Cavity-enhanced absorption
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High reflectivity dielectric mirrors
(typically R > 0.9995 in the visible)

Depending on the mirror reflectivity several
kilometer path lengths can be achieved !




Cavity-enhanced absorption
Spectroscopy

Light source

Absorbin

g Sample (e.g. Gas)

> Detector

.
L[] [ ] L] . . . Y . .
L] . L] L1 .
- L] - - . - . . L] .
" . ] = s he *t A" LI
L] L] Al . M »
" . =% L S, * A
L] TR - L] [ ]
'l - L] . - a " .‘l . -
. . ’ P L] . o O L
" aon . emomT, LI JY
- . ¥ . " =y , D b L] .
u . . -I L s m® u 5
b4 ] L]
L T O ey .
o ot = * |
[ ] . - - L I
" LI -

o, . » . = " " .
. . .
o ML §o "
« .
.
- d

Intensity |

a(l)

Q. |

[I-R®)]




Cavity-enhanced absorption
Spectroscopy

Two experimental approaches:

(A) Dispersion of wavelength after the cavity.
— light sources: lasers, lamps, LEDs...

A dispersion
after cavity

broad band
light source

pulsed or continuous monochromator detector



Cavity-enhanced absorption

Two ex
(B) Dis

spectroscopy

perimental approaches:

persion of wavelength before the cavity.

— tunable light source (generally lasers)

A dispersion
before cavity !

tunab

laser

e > detector

photomultiplier,

pulsed or continuous ohotodiode ...
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Incoherent broadband cavity enhanced

absorption spectroscopy (IBBCEAS)
He-Ne
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Lab setup IBBCEAS




o [102° cm? molecule]

IBBCEAS of NO,

NO, — Voigt et al. 2002, FTS.
NO, — our data (~200 ppDb).
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7 #°TNO, — Orphal et al. 2003, FTS.

= NO., — our data (<2 ppb).
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Atmospheric simulation

Simulation chamber
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Atmospheric simulation chamber
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Schematic of (field) instrument
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Field trips planned (BrO, 10, OIO):
Hudson Bay, Canada (March 2008)




4th Year Projects:
(1) NO; field detection
(2) Aerosol backscatter LIDAR
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