Velocity map imaging at icy surfaces

An oxygen story
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Motivation: Why oxygen?

a) the extensive knowledge of its gas-phase photochemistry achieved in Nijmegen

b) Rich photochemistry possible i stem
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Motivation: 67P/Churyumov—Gerasimenko

Jupiter-family comet
Originally Kuiper belt
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Rosetta finds oxygen on comet 67P in
'most surprising discovery to date’

Oxygen revealed to be fourth most abundant gas in the comet's atmosphere,

contradicting long-held theories of comet formation

LETTER 680 | NATURE | VOL 526 | 29 OCTOBER 2015 02 1 August 2014 (pre-encounter)

18 June (after thruster firing)

30 km orbit, 11 September
— 20 km orbit, 1 October

10 km orbit, 22 October
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doi:10.1038/naturel5707 2 /\

Abundant molecular oxygen in the coma of _
comet 67P/Churyumov-Gerasimenko 107 |
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Mass spectrometer data
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67P/Churyumov—Gerasimenko observed by Rosetta

O, is relevant in the ISM!
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Photodesorption from ice-covered grains

Photodesorption by
UV-VUV light

Cosmic
Rays

T =10-100K
too much gas!

What are the reaction
Products when cold ice surfaces

Heating Are exposed to UV/VUV light
effects
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Previous work: Time-of-Flight Mass spectroscopy work

Desorption of O, from a Pt crystal at 320 nm

N—

-2
@ © O 0
- = = When electronic relaxation of a solid sample Is
fast (< 1 fs) compared to nuclear motion, the
@ 0 o o AN .
_ speed distributions of photo-ejected products
. Ertl Surf Sci 269 235 (1992) follow Maxwell-Boltzmann statistics.
(9p)]
E Photochemically produced O, from peroxide like bound
:f ek :J : Molecules thermally accommodated
e at 120K surface
©
~ 800 K
S| ,f’f%
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Time of Flight
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Previous work II: Time-of-Flight Mass spectroscopy combined with state-selective
lonization
REMPI-TOF-MS with H, O(°P), OH, H,O detection

lon detection

Focusing lens T
[onization region

Probe laser

Photolysis laser

Water ice
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O, formation after irradiation of water ice with 157 nm

1 *  Data from OH (after 10K shots)
| T fgﬁﬂnniﬁ Photochemically produced O, O,
1 T ;g”ﬁ‘ Molecules thermally accommodated at 82K surface

Tolal

0('P,) Signal (arb. units)

o0

_____ '\

i 2 A & B | 12
Time of Flight {(us) .W.ANV

FI1G. 4. TOF spectrum of O P2 desorbing from 600 L ASW at 82 K duoe o
|57-nm irmadiation. H,0 + hv(157 nm) — H + OH
OH + OH — H,0 + OCP))
THE JOURNAL OF CHEMICAL PHY SICS 140, 094702 {2014£) OH A 0(31)]) ey OZ(XSZg', VZO) +H

O(®*P,) formation and desorption by 157-nm photoirradiation
of amorphous solid water
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Overview of a Time-of-Flight experiment (one axial information)

c) O(3P) REMPI (At)_l a) desorption(t=0)
500 mm 1.5 o AuCu

lon Collector
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It is well known that O-atom REMPI at 226 nm also dissociates O,
c) O(3P) REMPI (At) a) desorption(t=0)

500 mm

lon Collector
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Photodissociation = recoil of the O-atom fragments

c) O(°P) REMPI (At)_1 a) desorption(t=0)

500 mm

VMI lens

Imaging detector
RN
i

______
_____
_____
-

The velocity distribution of
the O* ion can reveal it's
molecular origin
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Principle of VMI

Principle of VMI:

Each charged particle with the same
direction and velocity will be mapped
at the samepoint of a 2D detector

Photodissociation Newton Sphere Electrostatic lens Velocity Map Imaging

L] . kinematics
;;5 Photon e & X —

Angular distribution: F(©) = [1+BP,(cos 0)]/4n
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Velocity Map Imaging records the recoil pattern for any At, showing different origins of
O(3P) atoms
c) O(3P) REMPI (At) a) desorption(t=0)

500 mm

VMI lens
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What to expect? Photolysis of oxygen ice

W OCP) atoms (fast) - 8 atorr|1 IeaIV|r|1g the s:hrface f Thermal
- molecule leaving the surface
T 0,a(lA), AGA 2 ving < .
ﬁ 2 A(Ag), A'(°A) - O atom recombination to O,*, O, Kick-out: O or O,"
—— ' 5. O, 0
- il 7/ _ Ts) T(s)
- D, 55— Diss. Limit
| A3X)" 025 .
A 3A, 10 _ 150 1.3
E clz, 5
g 1
>
o -371p, 147
LL biZt 13
1 -
D, 5.117 eV (<242 nm) > O(P) + O (°P) a7 A 4500 7
D, 7.084 eV (<175 nm) > O(3P) + O (‘D) 3y - ¥ 5
g 2

D, 9.051 eV (<137 nm) = O('D) + O (D)
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Imaging results

* Photodesorption at 250 and 320 nm (respectively 4.96 eV and 3.87 eV)

* Detection of O, X by 2+1 REMPI at 225 nm

* Detection of O, a by 2+1 REMPI at 315 nm

 Detection of O(3P) by 2+1 REMPI at 225.6 nm
 Detection of O(*D) by 241 REMPI at 203.5 nm
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Desorption of O(*P,) from 15 Kelvin O,-ice at 250 and 320 nm

| 250 nm 320 nm
Total Maxwell-Boltzmann
’(-I)\ Total Maxwell-Boltzmann _
b : —~ —— T,=270+30K
c \ T, = 550 +50 K (%
> v. = —_— T,= 90+15K
S — T,= 130 +30K S
- . e To= 205K
© m— .= 20+ 5K o)
N’ | -
— ©
® _ ~ _ -
- T, =10 K, ~97 ML O,-ice = T;= 10K, ~82 ML Oy-ice
=2 Ages = 250 nm, P = 500 wJ c - Ages =320 nm, P=700
f’ Ager = 225.691 nm [O(3P,)*], P =100 W =) hget = 225.691 nm [O(°P,)], P =700 pJ
X z = 1.5 mm (estimated) 7p] z = 1.5 mm (estimated)
an j'a
0\0./ al
O o
l -LK"—*:Q-, 7 O
0 = ' I T = , : . :
0 S 10 15 0 10 20 30
Time of Flight (usec) Time of Flight (usec)
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Desorption of O(°P,) from 15K O,-ice at 250 nm

O(3P,)* signal (arb.units)

o

Hot atoms

Time of Flight (LLsec)

1.2 us
2.6 us
9.1 us



MOVIE of Desorption of O(3P,) from 15 Kelvin O,-ice at 250
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Photodesorption of pure O, ice at 20 K using 250 nm

Molecular Beam Discharge Ice desorption (At = 6 ps)

Formation of O('D) and
power scan confirms two
-photon absorption (TPA) event

W 250nm, 1 ps,a=1.6

@ 107
AA (V) o
(clzg'(v=0)\)\\ 3 "
S
g
O(1D,) £
104I || IIIIIII || | | IIIIIII | ] ] IIIIIII 1

10 10 10'¢
Number of Photons (cm™ pulse™)
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REMPI spectrum: Confirmation of O, (a 'A)

— Experiment d 1l'Ig (v=2)«—<a 'Ag (v=20)
T.= 10 K, ~80 ML O,rice Sh?pe of m;\?ge. mgletcg!es a(etfrom f
hges = 250 NM, P = 600 pJ sur‘ace, NOot Irom pnotodissociation O
hser = REMPI 641 — 645 nm[0,*], Os In probe beam
Pyt = 1500 pJ
Z=15mm
S
g
— Simulation Pgopher ||
__ Simulation adapted
from B.R. Lewis et. al.
62015.5 62 1115.0 622!,"4.4 624039

wavenumber (cm“) Slanger, Lewis, Journal of Molecular Spectroscopy 219 (2003) 200-216
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Temperature to mechanism

250nm
320nm

550K 130K
270K 90K 20K
0,0
0,,0,*
0,*,0,(J%)
\ O,(cold)

%

X

Two-photon
dissociation-
recombination

O-atom
recombination
at surface?

kick-out
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Discussion

* 0O,* (a,b) is known to rapidly destroy O, in the gas phase
* 0O,* (a)is produced while photodesorbing water ice

* Could VUV irradiation of water ice in the ISM cause build-up of O, in primordial ice with little O,
formation?
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Conclusion

e Combination of VMI with ice is good and results in not too bad images
e VMI greatly enhance ToF-MS by identifying molecular origin of O-atom signals

* Primary process is the TPA of the oxygen ice resulting in O, photodissociation and recombination
to produce energetic O atoms and metastable oxygen molecules.
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EXTRA: Time-of-Flight of different origins at 250 nm and 15 Kelvin

TOF intensity O"and O,"

300

t (usec)

Detecting:

w— O (P),t_ =1.5usec, T=500K

max

e (), (a'A,v=0),7 =19 psec, T=500K

max

— 0, (X 3Zg', v=0),t =6."7nsec, T=20K
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