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e Water ice: key component of astrochemical reactions & most abundant in the ISM
e (Constant sputtering by 10onising agents

W33A NGC7538 Elias29 Elias16 Orion Comet Comet Comet
Molecule high IRS9/high low field hot core Halley Hyakutake Hale-Bopp
* H,0O 100 100 100 100 =100 100 100 100
CO 9 16 5.6 25 1000 5 630 20
CO, 14 20 22 ) 2—-10 3 24 620
CHy 2 2 1.6 — — 0.2-1.2 0.7 0.6
CH;OH 22 5 4 <34 2 1-1.7 2 2
H,CO a7 5 — — 0.1-1 0-5 0.2-1 1
OCS 0.3 0.05 < (.08 — 0.5 —_ 0.1 0.5
NH; 15 13 <9.2 <6 8 0.1-2 0.5 0.7-1.8
C,Hg — <0.4 — — — — 0.4 0.3
HCOOH 0.4-2 3 - _— 0.008 - - 0.06
OCN™ 3 I <0.24 <04 - - — .
HCN <3 —_ _— — 4 0.1 0.1 0.25
HNC — — — — 0.02 — 0.01 0.04

Ehrenfreund et al. (2000)
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e Water ice: key component of astrochemical reactions & most abundant in the ISM
e (Constant sputtering by 10onising agents
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e Simulation of ice sputtering using TOF-PDMS
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e Simulation of ice sputtering using TOF-PDMS
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e Rigid rotor: 14 candidate bands

Jr— Jord Frequency (GHz)
n=>0 18.4711112]
n=3 69.51031, 71.0001 and 74.40(3]
n=4 83.02[31[41(5]1, 84.97[31[41(51, 85.26[3141, 86.82[31[415] and 88.47[31(4]

n=5 | 102.4831416], 104961314161, 106.25[416] and 107.170416]
n=7 | 14247517

1 — Gong (2014) 2 — Watanabe (2015) 3 — Belloche (2013) 4 — Watanabe (2014) 5 — Gerner (2014) 6 — Muller (2014) 7 — Lopez (2014)
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e Computational simulation of rotational spectra

_pon
- Asymmetric rotors: I, # I, # I, 1;; ,
det [ om |H| @n? - EiSmn] =0 n
; ByST:
Yiror = Z Ci oMKk PiJ MK
K'=—J

Levine, I. N. (1975)

. : . '
@=E1ngm fnic
5 Universidade.Federal 8o Rio de Janeiro
AEORIGAYEJMODELAGEM 2 . .




- »

Introduction | Experir'n.e_r'lt'al © Computational ® . Conclusion O

e Computational simulation of rotational spectra

- Complete Hamiltonian

H,,
2= ) B A 1A ) Tl + ) Poaad S+ ) oo + T30 + . ..
he ; v Ya azﬁ( aaﬂﬂ)v av ; aaa” o 0§ﬁ aaﬁ( av p (x)

- Vib-Rot coupling

- Centrifugal distortion

- Vibrational anharmonicity
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e Computational simulation of rotational spectra

- S-type Watson Hamiltonian

17 ~
hror = Y BWJ2 = D,J* = Dy 22 — DJt + d JPJ3 + I + dy(US + T + H,J
C

a

+Hy J4? + Hy ) J2J2 + Hi JO + 42 + J2) + hyJ*(TE+ I + hy(J8 + 0 + ...
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e Computational simulation of rotational spectra

B2PLYP Experimental
r. (CO) (A 1,2026 1,203 a
- Benchmark: H,CO ( (C)H() ) 1020 000
e , ) a
- B2PLYP/ce-pVQz 0 (HCH) | 116,1235 116,5
- Gaussian 09 A.02 (deg) ’ ’
- Symmetry w(D) 23532 2,331
- Good behaviour
Ac(cm) 9,5629 9,5795 a
B. 1,3019 1,3033
Ce 1,1459 1,1462
A 9,4579 9,4055 ¢
B’ 1,2969 1,2954 ¢
C’o 1,1360 1,1343 ¢

J

GEma

Universidade.Federal do Rio de Janeiro

a'Yamada et al. J. Mol. Spec. 1971; b Kondo et al., J. Phys. Soc. Jp. 1960;

¢ Johnson et al. J. Phys. Chem Ref. Data 1972
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e Computational simulation of rotational spectra
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e Computational simulation of rotational spectra
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e Computational simulation of rotational spectra

- (HO)H30+
- B2PLYPD/aug-cc-pVTZ
B2PLYPD
Ao 185603,871
B’o 8344,664
B2PLYPD Experimental 2 C’ 8256.968
Vi 3646,589 3684
(cm-!)
v | 3644711 3684 4; (MHz) | 8,1645E-03
V3 3572,441 3609 A 2,5198E-01
V4 3564,719 3609 Ak 1,0789E+01
V9 1319,084 1317 o1 1,8672E-05
a Chaban et al. J. Phys. Chem. A. 2000 Sk 6,1173E+00
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e Computational simulation of rotational spectra
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e (Conclusion & future perspectives:
- (H20)uH30O™ clusters are likely enriching the ISM
- Preliminary calculations — 14 candidate bands

- More refined calculations needed — CCSD(T) with larger basis set
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Thank you!
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