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pulsed molecular jet photodetachment: electron MCPs and
HV discharge velocity-mapping lens phosphor detector

gating-bunching

re-referencing unit Nd:YAG laser

355 nm and harmonici

Fast beam spectrometer (based on Neumark/Continetti design):
Cyr PhD Thesis (UC Berkeley 1993)

Velocity-map imaging lens: Photodetachment: 1 %
Eppink and Parker Rev Sci Instrum 68 3477 (1997) = * =

Gating-bunching-rereferencing unit: A"+ hyr— A" +e |_
(ANU) Dedman et al. Rev Sci Instrum 73 2915 (2001) ! EA
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Velocity-map imaging
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Photoelectron spectrum (PES)
e~ Intensity vs photon energy ¥ PE angular distribution (PAD)
Q
2 & 2
) 5 9
4 w (3
5 2 5
g . 4
@ * @
* *
1
lo 180 ANGLE

EL;CTQDN WINETIC ENERGY

I
PHOTON ENERGY
2D Projection of O, 3D slice

3D Photodetachment

I

I

I “}L,mw,,.v_\_ﬂww.,u,ﬂ,%

Inverse Abel transformation: Gascooke/Hansen and Law
BALANU  5/13

J Opt Soc Am 2 510 (1985)



gustton NO, Photoelectron Spectrum A =519nm
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@ Additional e~ structure

@ Do(ON:---07) =3.932 eV > hy =
2.39 &V

NO,

@ Prominent air pollutant

@ Photochemical smog,
tropospheric ozone

@ Respiratory problems in humans
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@ Additional e~ structure

@ Do(ON:---07) =3.932 eV > hy =
2.39 &V

T T T T
1329
7
/ ’5 x 10 (+offset)

c
=)
g
s 1625
>
2 11500 | 12000
o
S 1929

I I I I

0 5000 10000 15000

electron binding energy (cmBAL ANU 6 /13



fustaon Extra electron structure - Peroxy NOO
ional

w1 ~ 1270(20) cm™? wy ~ 720 cm™!
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@ Do(NO---07)=0.13eV

@ Observed fragment O™ results from
dissociation of peroxy NO-O bond
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@ Additional e~ structure

@ Do(ON:---07) =3.932 eV > hy =
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@ A peroxy NOO isomer was first proposed by Clynne and Thrush in 1961, as
a reaction intermediate in atmospheric chemistry

N+ O, - NOO - NO+O (1)
@ However there is still debate about whether NOO is a stable isomer, or just
a reaction intermediate

@ NOO has been used in past photodetachment cross section experiments to
possibly explain observed tails below the EA of NO2

NO2-wavelength.dat

Y v T T —

1.0L v J — PESx100
- - — cum. sum.
o 200 — convolved
I a
8 .
@ .
@ o 150
8 . . :
€ 05 < &a, 1 §

. aa £ 100

- a 3
> . “a 2
g - £
3 ®e a 2 s
o a
& Se, 2

ool tercerasea,,, o

s , s . .
300 400 500 600 700
WAVELENGTH (nm) 300 00 700 500 900 000

effective wavelength (nm)

Brauman Chem Phys Lett 25 318 (1974) BAL ANU 9/13



Au?tralilan Pe rOXy N O O |SO mer
lational

@ A peroxy NOO isomer was first proposed by Clynne and Thrush in 1961, as
a reaction intermediate in atmospheric chemistry

N+ O, - NOO - NO+O (1)
@ However there is still debate about whether NOO is a stable isomer, or just
a reaction intermediate

@ NOO has been used in past photodetachment cross section experiments to
possibly explain observed tails below the EA of NO2
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NO 519nm NO 1064nm NO2 519nm
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16, ¢) = () [1 + B(e)Pa(cos 8)]
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10,6 = 211+ 5(e)Pa(cos 0)] ’

anisotropy parameter 3

Australian N O
National

4

(B anisotropy parameter

~vs NOO~ PAD

NO 519nm NO 1064nm NO3 519nm

l— Hanslor;l) Az = 0.50(1), CIOSI =0.94(1)
NOO™
0.0 5 NO -

NO™ Bennet
NO™ Sanov

-0.5

-1.0

0 1 2 3

electron kinetic energy (eV)

[35] Bennett

Phys Rev A 6 670 (1972)

[36] Sanov J Phys Chem A 114 1367 (2010)

C,, ONO’ C,NOO

BALANU  11/13



asaian  PhOtodynamics
lational

@ O~ fragmentation v/
NOO™ + hv — NO + O~
O +hyv - 0+e”
@ NO~ fragmentation X
NOO™ + hv -» NO™ + O
@ NOO™ detachment v
NOO™ + hv — NOO + e~
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@ O~ fragmentation v/
NOO™ + hv - NO 4+ O~
O +hyv - 0+e”
@ NO~ fragmentation X

NOO™ + hv » NO™ + O
@ NOO™ detachment v/

NOO™ + hv — NOO + e~

oscilloscope signal (mV)
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@ Confirmation of peroxy NOO isomer

@ How abundant is the peroxy isomer in the
atmosphere? Possible implications?
—> Further studies needed
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® NO, detachment: additional e~ structure observed

® O present: but Do(ON---O7) = 3.932 eV >y = 2.39 eV

® Low BE e : similar to NO, blm:Wﬁ‘:AFl 00 i hift in dominant vibrational frequency.

ency for peroxy NOO isomer in agreement
d explain théevff)resence of: 0~
e
‘ : QR
® PAD: - NOO ™ detachment more isotropitz-vth.avnvN‘@Rm

® ab-initio calculations: prédict
with PES. Small Dg(NO: - - O

® Photodynamics: Photofragment O~ produced but no NO™ . Gives final confirmation of
peroxy NOO isomer

® Future Studies: How abundant is the peroxy isomer in nature? Possible implications?
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