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- Main oxidant in the atmosphere High correlation with OH
- Initiates most of the oxidation processes

OH+CO+0, - HO,+CO,
But:

o _ _ HO,+NO - OH+NO,
- Difficult to quantify (very low concentration, 10 molecule.cm-3)

- Discrepancy between measurements and modelisation
- Unknown source and consumption of OH

Needs :

- Data on elementary reactions

- Absolute concentrations during field campaigns

- Global measurement of OH reactivity ( all consumption pathways)
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| OH in the atmosphere: complex system"

------------------------------------

OH has a short life time — around 1 sec

Equilibrium between production and consumption is rapidly
adjusted:

Production
Consumption

[OH]., =
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OH in the atmosphere : production |

hv (<310 nm)
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_OH in the atmosphere: complex system”

--------------------------------------

OH has a short life time — around 1 sec

Equilibrium between production and consumption is rapidly
adjusted:

Production
Consumption
FAGE can be used to measure both parameters
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What is FAGE???

. Fluorescence Assay by Gas Expansion .

-----------------------------

2
. Problem at 282 nm: OH is formed by the laser
0 1 from ozone photolysis:

282 nm O; +hv > O(*D) + O,
O('D) + H,0 > 20H

AVAVAVAVAVAVA
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What is FAGE???

Problem at 282 nm: OH is formed by the laser
0 from ozone photolysis:

282 nm O; + hv > O(!D) + O,
O('D) + H,0 > 20H

AVAVAVAVAVAVA

Problem at 308 nm: excitation and collection
at the same wavelength

Solution: work at low pressure to extend the
OH fluorescence lifetime
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What is FAGE???

LT L LEEE T E E 14

Problem at 282 nm: OH is formed by the laser
from ozone photolysis:

—LHF O; + hv > O('D) + O,
— pulse laser O(lD) + HZO -> 20H

détection

Problem at 308 nm: excitation and collection
at the same wavelength

T T T T T
100 200 300 400 500 600

Solution: work at low pressure to extend the

temps (ns)
OH fluorescence lifetime
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prélevement

cellule de référence i
a) cellule OH détecteur (CPM) \
S

Laser FAGE (308 nm) cellule HO;
5 kHz

/////ﬂ /78

pompe

Detection limit: 3 x10° molecules.cm=3.min-!
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Calibration

reference cell
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Laser Induced Fluorescence :

Sensitive BUT not absolute

'

Calibration necessary

Generation of a known [OH]

Water vapour photolysis
H,O +hv (184,9 nm) > OH +H
H+O, 2 HO,



_Calibration

,,,,,

---------------------------------------------------------

Generation of OH : photolysis of water vapour

HZO + hv (184,9nm : mercury Iamp)9 OH+H

H+0, > Hoz/' High accuracy hygrometer

[OH]=[HO,]=F.... . Cuo - [H,O] . ¢ . At

|

Lamp flux mesured by Actinometry
sur Oz: O, +hv 15349pm) 2 20
2(0+0,+M) 220,

F — [03]
e 2]0, )0, At

» [O3] by analyser
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SAPHIR (Jiilich, Germany)

(Simulation of Atmosperic PHotochemistry in a large Reaction chamber)

Intercomparison with
Julich instrument

OH (FZJ) / 10" cm™
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OH in the atmosphere: complex system”

--------------------------------------

OH has a short life time — around 1 sec

Equilibrium between production and consumption is rapidly
adjusted:

Production

[OH]

* Consumption >

Measurement of OH consumption: time resolution is needed
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Continuous OH generation

Haot Wire
Anemometer
Callbration laser energy sensor
o~ Basin 266-nm
FLOW TUBE photon counting to pump pulsed laser
AL board '
FLOW —»  SHIELD - Diffuser o photodiode flow tube
My 2
MERCURY LAMP * 2 ambient air
| L J .ﬁﬂiﬂr'
NO  —————= 3
*. Addition for
Ambient ~ HODetection I Detection
air in Laser 'fldc;’
n ’ A
Cal .
N,andHO o
308-nm
Bubbler pulsed laser

delay/pulse generator photomultiplier tube

Vacuum Pump fluorescence detection cell

photon counting unit

J. Atm. Chem. 39 : 105-122 (2001)
Pennsylvania university
Review of Scientific Instrument : 75, 8 (2004)
Tokyo Metropolitan university
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_Lille configuration |

» photolysis cell (0n"axis)” + FAGE
OH generation OH (resolution : 100 us)
O; + hv (266 nm) - O(*D) +0, Ty - B ILRF<shinmiit

D) +H
O(FO .)phcﬁ%lysis 7 20K

shot

] = Pump

Photolysis cell

Advantages :
- more homogeneous probing

- less flux perturbation
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_Lille configuration

-----------------------------------

+ photolysis cell (09 .%.... FAGE

gas entran
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_V_a_lidation » CH, + OH

------------------------------------
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 Direct atmospheric measurement

Mesure by FAGE Calculation
- Zero air [OH] = [OH]0 . exp(— (k air 2610 ) t

8 _Ambient air [OH] = [OH]O ) exp(— (kambiant + kair zéro ) t) k calcoH — kCO ’ [CO]+ kCH4 [CH4]+ et Z kCOVi [COV' ]

[o2] ~
38 3

[CO], [CH,], ... to measure

signal LIF OH normalisé
3 8

[VOC]; measured by PTR-TOF-MS
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vity

‘OH React

Mesurements in ambient air — e.g. car exhaust
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FAGE for quantitative measurments

-------------------------------------

Lasera A =308 nm

Fréquence 5 kHz

HO, + NO —> OH + NO,
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5 kHz => Intégration du signal =>
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FAGE for time resolved measurements
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- Lille FAGE instrument is working very well

- Quantitative measurements have been performed during two field campaigns

- Time resolved measurement mode has been validated through measurement of
well known rate constants

° Perspectlves
Intercomparaison (CRM)
Field measurements (indoor, Charmex)
Kinetic measurements (up to 800 K ,10 bar)

Universite
e\,\, Vi oS
iences et Technologies ;i



Acknowledgements :

Universite
e\,\r Lille1 Cw

Sciences et Technologies

MeOL

AEGION
Nord-Pas de Calais

. . ’
\ U.n]verS]te Bat C11- Lille 1- 59655 Villeneuve d’Ascq
f L]]]e ] 5 Tél. +33 (0)[20337266] | Fax. +33 (0)[20436977]

, Sciences et Technologies f Christa.fittschen@univ-lille1.fr
$ www.univ-lille1.fr




