The UV Absorption Spectrum of the Simplest Criegee Intermediate CH,00
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Experiment

Introduction

Ozonolysis plays an important role in removal of unsaturated
hydrocarbons in atmosphere. It i1s believed to produce Criegee
Intermediates.
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> Why is Criegee intermediate important?

CH,00 + NO, » CH,O + NO,
CH,0O0 + SO, » CH,O + SO,
CH,00 +hv — CH,O + O('D)

CH,00 + CH,00 » 2CH,O + O, ?

It 1s involved 1n many reactions linked to the change of earth’s climate.

<> In troposphere, CH,0O0 absorbs UV light (> 300 nm)
and dissociates.
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In photolysis,
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J: 1st-order Photolysis rate constant, (sec?)
|: Intensity of light, (photon - sec! - cm? - nm1)
o . absorption cross section (cm?)

Simple Criegee intermediates (e.g., CH,00) can be synthesized
through the reaction:

CH,l + O, » CH,00 + |

However, there Is no guantitative measurement of o to date.
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Figure 1. Experimental UV spectrum of CH,0OO isolated in a pulsed
supersonic expansion. The absorption cross section was derived from
the UV-induced depletion of the ground state and the corresponding
VUV photoionization signal at m/z 46. The smooth curve is a fit to a
simple Gaussian form; the uncertainty is illustrated by the blue-shaded
region.
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Our Work

1. Study the UV absorption spectrum of CH,OO

2. Measure the absolute absorption cross section of CH,00

1. UV transient absorption of CH,00
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2. Absorption cross section of CH,00
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<> # of photons << # of molecules

/V\/

Pressure (torr) | Number density (cm)
CH,I, 0.023 7.6 x 101
02 29 7.2 x 1017
N, 36 2.8 x 1018
CH,l + O, ——» CH,00 + | rxn(1)

CHzoO + CHzoO —» Product rxn(2)
CH,00 +| —» 10 + CH,0 rxn(3)

A: absorbance
o absorption cross section (cm?)

| n: number densit -3
B 0o : y (cm™)
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2. Absorption cross section of CH,00

6000

300 | CH,00" (m/z=46) depletion at 352 nm Laser Power CH_I" (m/z=141) depletion at 352 nm
— 0.00 mJ ] |
Fi ——2.46mJ 5000 -
250 - "*‘*" ,:\,‘ ——4.08 mJ
~~ ‘ | .""‘\‘\ ~—~
% i l h ——805mJ || @
N N i ——16.08 mJ|| « 4000~
B 2007 (! " ——40.95mJ|| B
S e.. o S
o v ,Q'\ o
o I N S 3000 -
S, 150 - i Wy 2
‘© ¥ "‘;v{! k%)
[ (] }‘\\ c
O ,A" A @ _
2 ol W 2 2000
1= P WA 4 IS Laser power
iff ~'$§;§.,” ——0.00 mJ
504 "Waon 1000 —48.32m]
,_«'\':"; \/ \-i\i\;" %/vuv‘\ | —94.88 mJ
! ' 143.4 mJ
0 | | ' | ' | ' | ' | | ' | ' 0 T | ' I ! | ' | '
950 1000 1050 1100 1150 1200 1250 1300 1350 1000 1100 1200 1300 1400 1500
TOF (us) TOF (us)
7
20 CH, OO (m/z=46) depletion at 352 nm ; CH2|+ (m/z=141) depletion at 352 nm
0 O o @ O 61
[
5 4
15 H o O
o < ]
Z Z
=z 8 . tny
< T
S 104 2
£ 5 37
-}
% £
N 5.
5 ] e
+ -
1 4 CH2|2_> CH2| +e + I
0 . I . , . , . , . , . I . I . I 0 : | : | : | : | : | : | : | : |
0 500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 1500 2000 2500 3000 3500 4000
Power (mW) Power (mW)

O
CH,00 :4756 GCH2|2

Och,,

(Sander et al."Chemical Kinetics and Photochemical
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— 246 ><10 cm 17," JPL Publication 10-6, Jet Propulsion Laboratory,
Pasadena, 2011.)

—  Ocu,00 =1.17x107cm*

Conclusions

The UV spectrum of CH,OO has

signi

ficant structures.

We determined its absorption
cross section at 352 nm to be

1.17

X 1017 cm-.

We observed the kinetics
Involving rxn (2) and rxn (3).
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