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Figure S1: Density plots of the main K=2 Hartree-Fock molecular orbitals of IT symmetry, used as initial
guess for configuration interaction calculations.
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Figure S2: Density plots of the main K=> Hartree-Fock molecular orbitals of £ symmetry, used as initial
guess for configuration interaction calculations.



Table S1: A comparison of the experimentally measured binding energies, Epin exp, With the theoretically
predicted values, Epin meo, in @ CI level of theory, after a shift of 2.2 eV has been applied to the latter, so
that the experimental and theoretical binding energy values for the K=22x* transition are the same. For
each transition the distributions of the dominant configurations, the path of excitation and the theoretical
relative intensities are also given. For the paths C and D indicate conjugate and direct shake, respectively.
Captial letters indicate strong contributions and small letters minor contributions. If only one letter is
given only one processes is possible based on symmetry arguments. The notations & and " have been
used to denote degenerate MOs, which are perpendicular to each other, like 7, and m,.

Region T Epin,exp Label Ebin.theo Main configurations Path Relative
(eV) eV) intensities
I 1156.0 1(%10) 1156.0F 0.96 1s 225" C 1.00
—2 T =27 =1
st 1165. 0.88 1s2601+0.22 1s 270 N
=9 65.80 +0.20 15725671202 + 0.20 1525071 251*2) Dfe 86
I 1166.0 | 2(3z=*) | 1166.17 0.68(1s2507127*2) - 0.68(1s250~ ' 27"*2) - 0
-0.38(1s7260") + 0.53(1s7270*1) - 0.16(1s~2801)
3ty | 1167.14 0.48(157250" 1 202)- 0.48(1s 72501 27*2) C/d 0.20
21D | 1168.40 0.96(1s~23x%) C 0.11
I 1168.5 | 4z | 1169.11 | -0.75(1s270*!) - 0.42(1s7250~120*2) - 0.42(1s7250"12*2) | D/C 0.58
5¢z*) | 116957 -0.93(15~280") C 033
I+ 70,1
6CZD | 117101 -092(1s7°907) D/ 0.19
3CI) | j172.07 0.96(1s~24x") C 0.13
7CEY) | 117258 -0.94(1572100") D/c 0.26
4(211) 1173.45 -0.84(1s725x") + 0.42(1s26m!) D/C 0.13
v 1172.2
8(x*) | 1173.48 0.91(1s2110") C 0.14
9zt | 1174.08 0.95(1s2120") D/ 0.14
5(31I0) 1174.52 -0.44(1s725x!) - 0.82(1s726m') C 0.04
) 1174.71 i D/C 0.08
103Z%) 0.93(1s213¢")
-0.60(1s 21~ 120*2) - 0.45(1s 21 120*2)
\Y 1180.0 | 6(3II) 1182.60 -0.15(1s 21w~ 20 120y - 0.21(1s 2 1w~ 2 1 2w ) C
+0.19(1s7250~ 1221 861) - 0.32(1s7250~ 1 2% 136")
-0.63(1s 21 2n*T60") - 0.63(1s 21 T2/ T60T)
1es | 118720 +0.15(1s72 1x~ 1221 80!) +0.15(1s~ 1"~ 127" 80 ") D
0.28(1s 21~ 121 601) + 0.28(1s 21"~ 121 601)
+0.23(1s7250~ 120*1 7y + 0.23(1s7 250~ 120 1 7w’
+0.24(1s72507166' 70*) + 0.39(1s72507 160! 80")
125y | 1189.03 -0.19(1s7250"170*1801) + 0.19(15s72501 76*2) D
VI 1188.0 -0.26(1s72507180%)
-0.27(1s72567221*280") - 0.27(1s"250~22n"*280")
0.29(1s2 1~ 127" 60') +0.29(1s~2 1~ 1 20*1 601)
-0.18(1s 21 121 70*)) - 0.18(1s 2 1w~ 12n* 1 76% 1)
-0.15(1s 21 121 76*1) -0.15(1s 21"~ 1201 70*))
2
13¢z*) | 1190.65 +0.24(1s2 11201 801) + 0.24(1s 2 1o~ ' 201 861) b
-0.50(1s7250"'60' 70*1) + 0.24(1s25071602)




Table S2: Theoretical results obtained in a HF level of theory showing the initial MOs used as initial
guess for the previously reported CI calculations. The assignments of the final K=2V states in single
photon transition from the ground molecular state are given in the first column, while the second column
describes he main contribution to the final molecular state. Values of the orbitals’ mean radius square,
the theoretically predicted term value (TV) of the transitions and effective quantum number (n*) are also
given. The atomic orbital character of the different MOs occupied upon core-excitation is given in the six

last columns.

Configuration Main character \/@ (10%) TV (eV) n*
S p d s P d

Valence zone (n = 2)

1s~22x* 1s™22nc 1.44 0.00 0.08 0.12 000 079 0.01

1s27¢* 1s722spo/2pc 3.02 031 029 003 007 025 006
Rydberg zone (n = 3)

15260 1s2(3s0/3pc) 2.07 1124 220 070 0.06 004 003 018 0.05

1s™23n 1s23pmo 2.66 7.92 262 000 08 002 000 011 0.00

15280 1s723poo 2.62 8.02 261 009 071 003 007 025 006
Rydberg zone (n = 4)

15290 1s 2450 4.98 4.60 344 080 005 006 004 004 002

1s~24x 1s24pmo 5.01 4.34 354 000 096 0.02 000 000 0.02

152100 1s~24poo 5.24 4.17 361 009 084 005 001 001 000

1s726n 1s~24pdmo/prc 5.24 0.00 033 0.14 000 047 006

152130 1s724poo/3d,20/poc 5.29 0.12 030 0.6 006 036 0.01
Rydberg zone (n = 5)

1s211o 1s~25spdoo 6.66 463 398 050 019 0.17 001 0.2 0.0l

157250 1s~25pmo 7.74 2.86 436 000 0.82 006 0.00 008 0.04

1572120 1s~25spog 8.08 037 060 001 000 0.02 0.00




Table S3: The different K-2V configurations at each spectral region, along with the main character for
each of them are tabulated in the second and third column respectively. Theoretical binding energy values
calculated at the DFT/B3LYP level of theory, for the different core-ionized core-excited states are given
in the fourth column. For the estimation of TVs in the fifth column, the theoretical value of the K2
threshold, given in the last row, has been used. The gradients of the PECs corresponding to the different
final states are given in the seventh column and have been used to estimate the FHWM of each spectral
feature, in the same way like for Region I (see main text for details).

DFT/B3LYP
(single point)
Region Configuration Main character Binding energy % (r2) Gradient FWHM n* TV' o C
(V) V) A VA @V €v) s p d s p d
I 1s~225* ls’22n‘(‘j 1153.80 21.04 141 =332 1.86 - - 0.00 0.08 0.11 0.00 0.81 0.00
I 157260 1572(3s0/3pC) 1163.44 1140 185 —40.6 227 2.08 12.57 0.51 0.03 0.04 0.01 0.32 0.09
157270 152(2spoo/2pc) 1165.56 9.28 240 -482 270 238 9.60 0.49 0.14 0.06 0.08 0.16 0.08
11 1s7%3n 1s™23pmg 1166.25 859 249 -226 1.27 255 840 0.00 0.84 0.02 0.00 0.14 0.00
157280 1s™23pog 1167.16 7.68 283 =250 140 270 7.46 0.07 0.81 0.02 0.03 0.06 0.01
157290 1s’24so/3dzé 1169.22 562 379 =335 1.88 3.00 6.04 0.50 0.12 0.22 0.03 0.13 0.00
15 24pm 15 24pmg 1169.94 490 441 =250 1.40 3.33 491 0.00 0.90 0.04 0.00 0.01 0.05
1572100 1s~24spog 1170.22 462 447 248 1.39 325 5.15 052 036 0.05 0.00 0.06 0.00
v 1572110 1s725spag 1171.01 383 625 =279 1.56 3.85 3.67 0.34 0.40 0.05 0.02 0.19 0.00
1572120 1s725spog 1171.84 3.00 7.11 =255 143 411 322 0.75 0.18 0.00 0.02 0.04 0.00
1572130 1s~25spog 1172.34 250 7.80 -27.1 1.52 438 284 0.15 0.65 0.01 0.05 0.13 0.00
1s725px 1s725pmg 1171.96 288 8.62 -256 144 460 2.58 0.00 0.94 0.01 0.00 0.05 0.00
v 152 i Exp.: 1178.0 £ 0.8 ) i 2645 148 ) ) ) ) i ) i i

Theory: 1174.84

- N z7?
I TV estimated from 13.6 - —, for Z* = 2.
2



