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Table S1:Optimized structural parameters {Rbohr and in degree), harmonic frequencies, (in cm?)
and zero point vibrational energies (ZPE, irnymand total energies (E, in Hartree) of the molacsepecies
involved in this work as computed at the RCCSD(Igtac-pV(Q+d)Z level of theory.

Ry Rz 0 01 02 3 04 ZPE E
o @r) -74.9949306
o' (4s) -74.4981975
c @y -37.7866352
c* Ry -37.3749008
c* (s -36.4828964
s @py -397.668281
s (%) -397.291182
& @py -396.433094
co sty | 213 2159.3 1079.6! | -113.190370
Co™ (x25h | 2116 2210.4° 1105.2: | -112.676171
co (x3m) | 2:35 1461 5¢ 730.7. | -111.675248
cs odzh | 29K 1279.47 639.72 | -435.723920:
cs (%t | 283 1376.32 688.14¢ | -435.307748
csr (x3m) | 303 1035.0: 517.5 | -434.520197¢
SO oGs) | 2-80¢ 1154.9° 577.47¢| -472.859500'
SO (x2m) | 2-70] 1321.9¢ 660.98. | -472.481245
SO (x1zt) | 262 1428.75 714.36( | -471.769141
OCS(X'=") | 2.19C| 2.961| 180.C | 2088.5. | 872.5¢ | 523.7¢ | 523.7F | 2004.2: | -510.976630
OCS (X% | 2.11 | 3.38¢ | 180.( | 2239.9¢| 527.1’ | 326.6. | 326.6 | 1710.1(| -509.874995
OCT (a'A) | 2.12(| 3.32% | 180.C | 2150.3: | 530.6( | 362.3t | 306.8: | 1675.0; | -509.822751
COS (X%) | 2.28¢| 3.172 | 180.C | 1622.7- | 584.0: | 137.5¢ | 137.5¢ | 1240.9: | -509.803051
COS¥ (a'A) | 2.30< | 3.12% | 180.C | 1540.6: | 605.6( | 151.4f | 149.87 | 1223.7: | -509.751519
COS (1'A") | 2.57¢ | 3.73< | 53.92 | 1054.1 | 709.6¢ | 328.9" 1046.3¢ | -509.729940
COS% (1°1T) | 2.36¢ | 3.04C | 180.C | 1599.4(| 702.0: | 131.4% | 131.2 | 1216.2¢| -509.636926




Table S2:Dissociation energies (E, eV) of C&%ading to [SO+C] fragments laying in the 30 - 40 eV
with respect to OCS (£"). For SO and SG', we used the excitation energies from Refswe also used
the data in Table S1 and from R&f.

Dissociation chann E

L; | SC"(Xa1) +C (*Py) | 30.39¢
L, | SC'(aI) +C" (*P) | 33.52¢
Lz | SC"(AZD) + C (°P) | 34.20¢
Ls |SC"(1%) +C (°P) | 35.09¢
Ls | SC" (b*2)+C (?P) |35.11°
Le | SC*(XI) +C' (*Fy) | 35.72¢
L; | SC"(C1)+C (?P) | 36.04«
Lg | SC"(2') + C' (°Py) | 36.34¢
Lo [SC (1°A) +C" (°Py) | 36.39:
Lo | SC" (b)) + C* (®Py) | 36.56¢
Lia | SC*(1°A) + C* (*P)) | 36.96¢
L1z | SCT(2%2") + C* (°P,) | 36.99¢
Lis | SC"(4%) + C' (°Py) | 37.34%
L | SCP* (X'=*) + C fPy) | 38.54¢
Lis | SC(a'T) + C" (*Py) | 38.86(
Lis | SC*(AZ) +C (*Py) | 39.53"
Li; | SC*(XZ) + C* (°Dy) | 39.68¢
Lig | SC¥ (X'=*) + C (Dy) | 39.81(




Table S3:Dissociation energies (E, eV) of C&%ading to [CO+S] fragments laying in the 27 - 40 eV
with respect to OCS (£*). For CJ, we used the excitation energies from RefVe also used the data in
Table S1 and from Ret.

Dissociation chann | E

Ly [ CO"(X%=Y) + S (“Sy) | 27.42¢
L, [ CO* (X%=%) + S (°Dy) | 29.26"
Ls | CO* (AZI) + S (*Sy) | 29.98°
L, | CO* (X%=%) + S (°Py) | 30.46¢
Ls | CO' (AZI) + S (°Dy) | 31.82¢
Le | CO" (AZI) + S (°Py) | 33.02¢
L; | CO" (B%2") + S (*S)) | 33.14¢
Lg | CO' (a'z") + S (*Sy) | 33.21¢
Lo [ CO'(1°A) + ' (*Sy) | 34.19¢
Lo [ CO* (b)) + S (“S,) | 34.51"
Lis [ CO*(1%%) + € (*S) | 34.75¢
L2 | CO" (B%Z") + S (°Dy) | 34.98¢
Liz | CO' (a'z") + S (?Dy) | 35.05¢
Lia [ CO* (C?A) + S (*S) | 35.23¢
Lis [ CO" (D) + S (*Sy) | 35.89(
Lis | CO" (1°A) + SF (°Dy) | 36.03¢
Liz | CO* (B%2Y) + S (%P, | 36.18"
Lig | CO" (&2 + S (?P) | 36.25¢
Lig | CO" (b*) + S (°Dy) | 36.35¢
Lo | CO" (1°%) + S (®Dy) | 36.59¢
Los | CO (X2 + & (°Py) | 36.78(
Lo, | CO" (C°A) + S (°Dy) | 37.08:
Las | CO" (1°A) + SH(°Py) | 37.23¢
Los | CO" (X2EY) + S (*Py) | 37.26¢
Los | CO" (b%) + S (°Py) | 37.55¢
Lo | CO" (D) + S* (°Dy) | 37.73:
Loy | CO" (1) + S (Py) | 37.79¢
Log | CO (X'Z) + & (*Dy) | 38.18¢
Loy | CO' (C?A) + S (°Py) | 38.28(




L3 | CO" (D) + S (°Py) | 38.93:
L3 | CO" (X2 + S (°Dy) | 39.56:
Ls; | CO (AZT) + S (*Py) | 39.83:




Table S4:MRCl/aug-cc-pV(Q+d)Z double ionization energies ¢&) of COS* quoted with respect to the
energy at the equilibrium geometry of OCSYY (i.e. OCS angle = 180°, CO distance = 2.190 Bofur
CS distance = 2.961 Bohr).

Electronic stat E

X3y~ 32.24¢
ala 33.40:
pls+ 34.260
111 35.34(
111 35.63¢
1°11 36.74
2’11 37.51¢
3 38.25¢
155~ 39.13:
2'11 39.14
115- 39.23:
2'11 39.27¢
235 39.53
135+ 39.37:
13A 39.£10
o1z 39.75¢
235+ 40.45¢
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PIPICO peaks for CO* + S* from OCS at 40.81 eV
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Figure S1: Arrival-time difference (PIPICO) peaks for C® S ion pairs coincident with photoelectron
pairs signaling double ionization in the energygesishown. The peaks have been artificially symipeetr
about the time difference for thermal ions, usimg later half of each raw PIPICO peak.
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Figure S2: OCS*and CO%' optimized structures and definition of their imarcoordinates used for Table
S1.
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Figure S3: MRCl/aug-cc-pV(Q+d)Z potential energy curves of ginglet, triplet and quintet electronic
states of CO% along the along the SO {Rcoordinate. The remaining internal coordinateskapt fixed
at their values in the CGgX3Y) state i.e., = 2.288 Bohr anéi= 180°.



40 ————
—
Lig
- s
38 SOUXE 40P
Lig
Liz Ly
e
36 I
Ls
R
L
\‘. —_—
= 34 '3
g . L
32
"‘::_iu oo em
| |
2 il
30 Ry 3172
-
. 180°
T T T T T T T
15 20 25 3.0 35 40 45 50
R,/ Bohr
a0
384
36—
L 34
=
2|
50X’ My -C (P
e e
S0 % 3172
=i 8
4 b
T8he
55, 180
T T T T
LS 20 3.0 35 40 1.5 50
R,/ Bohr
40
s
T‘ Lis
1
L
184 soix'E e
L
L
1
12
36 it
L
—
Ty
T,
= 34 *
Z i
32
S0/ Ty ¢ (‘P)I
0 " 3172 '
-
T80e
. 180
T T T T T T
15 20 25 3.0 3s 40 45 50
R,/ Bohr

Figure S4: MRCl/aug-cc-pV(Q+d)Z potential energy curves loé singlet, triplet and quintet electronic
states of CO% along the along the CO (Rcoordinate. The remaining internal coordinateskapt fixed
at their values in the CGS(X%Y) state (i.e., B= 3.172 Bohr ané= 180°).
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