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S1

S1 Ionization potentials

Compound Irrep. Exp. CCSDT RHF(1h) RHFQ2hlp) PM(1h) PM(2hlp) pCCD(1h) pCCD(2hlp)
CyFs 2b3y, 10.69 10.37 11.40 8.22 11.24 8.10 11.64 8.57
4b3g 15.90 15.78 18.41 13.05 18.54 13.62 19.02 14.22
6ag 15.90 15.78 18.41 13.49 18.71 13.18 19.11 13.74
4by, 16.60 16.32 19.00 13.62 19.16 13.74 19.58 14.31
lay 15.90 15.78 18.41 13.86 19.56 14.04 19.90 14.54
by, 16.60 16.64 19.55 14.05 19.74 14.23 20.07 14.73
5b1y 17.60 17.32 20.16 14.75 20.32 14.89 20.69 15.42
1Dy, 18.20 18.02 20.85 15.50 21.04 15.66 21.34 16.11
1b3, 19.40 19.12 21.61 17.01 22.20 17.16 22.50 17.63
3b3, 19.40 19.41 21.99 16.63 21.73 16.72 22.29 17.40
3by,  21.00 20.76 23.05 18.05 23.17 18.66 24.21 19.29
Sag 21.00 21.03 23.62 18.57 25.18 19.88 25.68 20.52
HCCF 2 11.50 11.34 11.76 9.45 11.61 9.31 12.01 9.77
1 18.00 17.90 20.86 15.51 20.92 15.51 21.12 15.94
70 18.00 18.12 19.95 16.48 19.93 16.42 20.39 17.04
60 21.20 20.95 23.56 18.48 23.60 18.48 23.96 19.03
50 24.30 24.40 28.68 23.15 28.72 23.14 29.21 23.86
HCCCN 2 11.75 11.69 11.94 9.49 11.87 9.42 12.37 10.05
9¢ 13.54 13.44 16.22 11.21 16.26 11.16 16.57 11.84
In 14.18 14.19 15.09 12.02 15.12 12.00 15.59 12.67
8o 18.30 18.53 20.76 16.84 20.79 16.80 21.09 17.46
76 21.30 21.55 24.83 19.69 24.85 19.67 25.13 20.33
60 25.00 25.31 29.87 23.27 29.92 23.26 30.06 23.97
CoNo 17, 13.51 13.48 13.85 11.21 13.63 10.97 14.32 11.80
50y 14.49 14.40 17.11 13.61 17.09 12.09 17.40 12.84
40, 14.86 14.77 17.55 13.61 17.52 12.44 17.83 13.20
17y, 15.60 15.70 16.58 12.42 16.44 13.40 17.04 14.24
4o, 22.80 23.29 26.91 21.69 26.86 21.56 27.11 22.25
CO 50 14.01 13.09 15.49 12.69 15.53 12.73 15.53 12.92
In 16.91 16.95 17.78 14.58 17.65 14.45 18.28 15.13
4o 19.72 19.54 22.09 17.31 22.12 17.29 22.51 17.81
CO, 17, 13.79 13.63 15.11 11.13 14.92 10.93 15.35 11.47
17, 17.60 17.05 19.64 15.49 19.57 15.36 19.97 15.87
3oy 18.08 17.84 20.33 15.50 20.27 15.38 20.74 15.97
4o, 19.40 19.08 21.90 16.91 21.85 16.78 22.27 17.33
C302 2w, 10.80 10.62 11.50 8.31 11.31 8.13 11.46 8.49
17, 15.00 14.92 17.59 12.59 17.65 12.50 18.18 13.15
1m, 16.00 15.72 18.44 13.66 18.51 13.59 18.91 14.07
S0y 17.30 17.10 20.53 14.75 20.62 14.69 21.04 15.29
60y 17.80 17.28 20.84 14.96 20.94 14.90 21.35 15.49
40, 21.90 22.22 25.83 20.70 25.82 20.63 26.05 21.08
Rl 25.60 25.88 30.42 24.06 30.46 23.92 30.62 24.39
OCS 2n 11.24 11.12 11.78 9.34 11.62 9.19 11.80 9.53
In 15.53 15.61 18.23 13.56 18.22 13.45 18.86 14.05
40 16.04 15.83 17.50 14.04 17.49 13.99 17.57 14.30
30 17.96 17.89 21.39 15.86 21.43 15.80 21.99 16.32
FCN 2 13.65 13.50 14.11 11.51 13.98 11.37 14.45 11.91
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HCN In 13.61
50 14.01
40 19.86
SiF4 1 16.40
5ty 17.50
le 18.10
4ty 19.50
Sa; 21.55
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19.16

14.35 12.25
16.34 12.26
22.72 19.62
19.12 14.34
20.02 15.39
20.46 15.87
21.89 17.44
24.02 19.64

Table S1: Tonization potentials (IPs) [eV] for selected states determined from various [IP-EOM-pCCD methods. IP-EOM-CCSDT
and experimental reference data is given for comparison and taken from Ref. 1. All listed IPs were computed using the cc-pVTZ
basis set and employing geometries optimized at the CCSD(T)/aug-cc-pVTZ level of theory, as provided in the supplementary
information of Ref. 1. Irrep. indicates the leading configuration, where an electron is removed.
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Figure S1: Correlation plots of the vertical ionization energies calculated with the IP-EOM-pCCD method using 1h and 2hlp

operators with (a) RHF, (b) PM, and (c) natural orbital-optimized (00-)pCCD orbitals.
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Figure S2: Correlation plots of the vertical ionization energies calculated with the IP-EOM-pCCD method using 1h and 2hlp
operators with RHF, PM, and natural orbital-optimized (0o-)pCCD orbitals for individual molecules.
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Figure S3: Correlation plots of the vertical ionization energies calculated with the IP-EOM-pCCD method using 1h and 2hlp
operators with RHF, PM, and natural orbital-optimized (0o-)pCCD orbitals for individual molecules.
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