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Introduction.

Sulfur monoxide (SO) has been studied for many years. This system is suitable for
theoretical calculations which have been used to explore many of its molecular properties,
among them light absorption parameters. The chemical reactivity of SO makes it difficult to
conduct experimental studies. The implications of SO photochemistry extends over a wide
range of areas such as interstellar chemistry, molecular clouds, and the atmospheric
photochemistry of Jupiter’s satellites. In the terrestrial Archean atmosphere the photo-
dissociation of SO plays an important role in the atmospheric sulfur cycle. The main product
of SO photodissociation, SO, is consequently an important factor in understanding the Archean
sulfur cycle and the isotopic imprint in the geological record?. In these geochemical scenario
the study of SO photochemistry induced by ultraviolet spectra and the isotopic fractionations
during photo-dissociation are key to unravel the atmospheric composition of the primitive Earth.
Numerous theoretical and experimental studies of numerous SO electronic states such as a*A,
b'x*, AL B3% and their electronic transitions from the ground state X3 have been reported
in the literature. Despite the abundance of calculations at high theoretical level there is no report
in the literature of theoretically calculate ultraviolet absorption cross-sections relevant to the
study of photochemistry in planetary atmospheres. We set out to calculate ultraviolet absorption
cross sections of sulfur isotopologues 3223343650 by ab-initio methodology and conclude on
the isotopic effects produced by the ultraviolet absorption spectra.

Methods.

The employed procedure is common to many theoretical studies of ultraviolet spectra
produced by electronic excitations. The MOs were determined by complete active space self-
consistent field (CASSCF) calculations, once the MOs were obtained, multi-reference
configuration interaction (MRCI) calculations were performed by using the diffusion-function-
augmented, correlation-consistent, polarized-valence sextuple-zeta (AV6Z also known as aug-
cc-pV6Z) basis functions resulting in a total of 382 contracted functions. Once electronic
energies, transition dipole moments and non-adiabatic couplings were calculated a R-matrix
expansion was used to calculated absorption cross-sections of the main absorption transitions.



In this work we concentrated on specific robrational states to recreate a more realistic spectrum
suitable for atmospheric modeling.

Results.

The calculated absorption cross-section of 2SO reproduces well the only one
experimental spectrum available in the literature. The spectral feature and the absolute values
of photoabsorption cross sections are also in good agreement. Our calculations predicts three
different bands (Fig. 1c), a progression starting at the band origin, a resonant state and a
continuous band. This long lived photoexcited SO* specie that has not been directly reported
previously in the literature nor its implications for the atmospheric have been discussed. This
finding is of great importance for atmospheric modeling since it spawns an entire set of the
chemical reactions that may affect the balance of stable species. The isotopic effects are also of
relevance since each of the segments presented above cause different types of isotopic effects
that ranges from large non-mass dependent in the resonant states to largely mass-dependent in
the continuous band.
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Fig. 1. Calculated SO spectra (panel C), continuous band, resonant states and

vibrational progressions. Panels A to B show the isotopic distributions at each spectral
segment.
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(] 7Oy OKFNIKIBEIE B KO ERNTOREABALE KIS TON ik I D> TOD 08, %
D4 FL ROV TOHMZII R Z AR 2 E L0, TON DKFNZIE 2 FEED A 7 a7 i, 374
HOHTORW 1 DD KD FAZHELSKE A U7z Eigen BU(H07), B XU 7R A3 2 DOKI TG I N2
Zundel BU(H;ONYADMEAEL, TERY DKFNEZNEDA 7Y ATITIRI KD TR ERE S U2 DE AR
FTIENTED, TORMLKT T AZ— H;0'(H,0),-1 1 FKFI 7O DETIVRE L THERINE JOSEER
IR I N TS, 2 FEEHD A A A7 R§EE, IRINANRY MV TR ISR N R — 2 2R 9772
OEBRNZXFNTE D, NIRRT AZ—TIE, 7T AZ—H 1 XIZE>T Eigen & Zundel LD E HHMN,
HBDWIX AR 5 BB AT Y TR = BII N TS [1], /7, KEEE S RV T —
I DERRMEIZED TR ALK T AL =113 % <D BMARPIFIEL D D, BERFHRIZ Ko Tk 2 R B R
PRE XN TN, BARIZR Zundel B DL E MG L C MFRMEZED Hs0, DA T, KFIIZE>TT b
VIR 1 DDKGFDFIZARY Eigen BLE D K FIASERRIZ 2D, Fold, BRIt T IV IV A L& BER T BER
FEETNT NIV 2 L ERERRORERERM AL TZEY, Tub ks 5 A% — 8 Bk H0
(H0)/ (2 DWTKFEFES AV NI =V MRV —D 5735 134 [HD L E MG E 21572 [2], AFFETIE, 2N
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Fig. 1 (a) The relative energies and zero-point energy corrected relative energies of optimized 134 isomers of H;O"(H,0)s. (b)
The relative energy and the number of hydrogen bonds in each isomer. (¢) Structures of selected isomers.
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Orientation control of CO molecules with a combination of fs-laser and THz pulses:

Pulse-energy-specified optimal control simulation
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