Nuclear-spin astfrochemistry:
rom laboratory fo observations
(and vice versa)




The ortho-to-para ratio (OPR) of H,O
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The OPR of H,O Infcomels
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Faggi et al. (2018) + Cheng et al. (2022)

The ‘spin’ temperatures of H,O in com
are ~ 30 K on average

A probe of the formation history of
cometary ices ¢ (Mumma et al. 1986)

But no laboratory evidence until recer



The OPR of H@GlERElIsEIsliion Ices
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» H,O molecules photo or thermally des
from ice have a statistical OPR of 3

» A low OPR does noft reflect the format
temperature

» Underlying interconversion mechanims «
(Turgeon et al. 2017)



The OPR of H,CO, H,O and NHaj:

from clouds to disks

Comets Low-mass protostars .
- High-mass protostars PDRs
Disks b 73P-B/SW 3 C/1999 S4 C/2003 K4 O N1333-14A > N1333-12 o NGC 6334l ¢ Orion Bar PDR Cores
A TW Hya 73P-C/SW 3 O C€/2000 WM1 C/2012 51 O IRAS 16293  © N1333-14B Y AFGL 2501 5 H 'r° ha 4 POR W L1544
@ HD 163296 | | @ 103P/Hartley 2 C/2001 A2 © CP013R1| | [ L1157 V VLA1623 > Orion K1 5 Hzrzzh:Zd core| | A L1689B
A €/1995 01 4 /2001 Q4 = /2014 Q2| | < L1448 A L1527
3-5 T T T T 3-5 T T 3-5 T T T T
H,CO H,O NH;
30k 30k SUURUTR FR s 3.0k i
2 25) { 225} 2 25] 1
© © ©
© (0] ©
52.0— - EZ.O— 52.0— .
@ Q@ @
S 15t 1 215} 1 215} .
(@] o o .
£ £ £ . S
£ 1ot 1 §1op 1 5 10f i R S
0.5} 1 o5t 1 o5 05£02_ @ -
fowards W49N
00 | L | | L 00 fl | L Il | 00 L Il | L Il
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
Tspin [K] Tspin [K] Tspin [K]

Guzman et al. (2018) + Persson et al. (2012)



Alternative to the formation on dust:

gas-phase reactions !

Jrogen abstraction reactions » The conservation of the total nuclear ¢
ample) imposes selection rules (Quack 1977)

OH" + p-Hy — (H3;OF)* - p-H,O "+ H  1/2
OH* + p-Hy — (H30*)* — 0-H,O* +H  1/2
OH* + 0-H, — (HzO*)* — p-H,O* +H  1/6
OH* + 0-Hy— (Hs0%)* — 0-H,O*+H  5/6 » Experimental support: state-to-state
control of 2 KRb — K, + Rb, (Hu et al. 2

> : .
R » Full scrambling of nuclei is assumed
>
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The UGAN network for the cold ISM
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The OPR of H,CO in the cold ISM

Ortho-to-para ratio of H,CO

Dickens & Irvine (1999)
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» Gas-phase formation via the reaction
CH; + O— H,CO + H (k =6.9%10"" cm3

» We predict an OPR of H,CO ~ 2.3, in i
with values in star-forming cores

» The OPR of H,CO (and H,O, NHs;, etc.)
driven by the low OPR of H,



The OPR of H,CO in TW Hya
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Conclusions and perspectives
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» Conclusions:

» OPRs do not probe ‘formation’ tempel

» Anomalous (non-statistical) OPRs can t
explained by gas phase chemistry

» Perspectives:

» Thermalization gas phase processes mi
important (e.g. NH, + H, Le Gal et al. 2

» The different reactivity of spin isomers v
ions can now be explored experiment:
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