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Figure S1: Left: the n, MO in nitrobenzene as the hole in the ground state initial guess for n, — 7*
excitation. Right: the same orbital with corresponding MO index after optimization using SGM (top)
and STEP (bottom). Using SGM, the n; MO becomes part of the occupied space (HOMO — 1) following
optimization, whereas with STEP this orbital remains unoccupied, showing up as the LUMO.

Table S1:  Excitation Energies (in eV) for HoCO, aug-cc-pVTZ Basis Set.

Transition S per ROV B??ESIKEP? BIYP HF wpye O CIS(D) TBE? Expt!
n— (1A 3.53 347 341 343 258 420 453 403 397 407
n— 3s (1By) 7.19 6.96 692 677 601 769 862 644 730 711
n— 3p (1By) 8.11 7.91 774 756 692 869 937 726 814 7.7
n— 3p (1A)) 8.17 7.91 777 761 698 869 976 748 827  8.14
n = 3p ('Ag) 8.64 8.57 830 811 698 858 950  7.99 850 837
n— 1 (3As) 3.36 3.25 326 3.29 247 397 371 354 358  3.50
m— 7 (3A) 6.00 5.86 591 618 426 636 479 617 607 586
n— 3s (°By) 7.14 6.81 6.86  6.69 600 7.64 830 646 714  6.83
n— 3p (3By) 8.06 .75 768 748 692 849 907 727 796  T.79
n— 3p (3A1) 8.13 7.79 772 750 693 865 972 765 815  T7.96
n— 3d (°By) 8.66 8.57 832 812 759 915 931 733 842 816
MAD(TBE) 0.13 0.28 033 045 126 043 107 056 = =
Max(TBE) 0.44 0.50 056 071 181 073 157  1.09 — —
MAD (Expt.) 0.24 0.19 021 033 110 059 119 044 - -
Max(Expt.) 0.54 0.60 066 064 160 099 176 083 — —

“Theoretical best estimates, from Ref. [Tl
bExperimental data from Ref.

¢Frozen core.
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Table S2: Spin-Purified Singlet Excitation Energies (in eV) for HyCO.
STEP-Based ASCF?®

s b c
Transition  — s Bo7MV_ B3LYP BIYP HOF 0L Expt
n o (TAy) 3.6 3.70 356 358 2068 397 407
n — 3s (1B) 7.24 7.11 698 684 603 730 Tl
n — 3p (\Bo) 8.17 8.06 780 764 693 814  7.97
n— 3p (*A)) 8.21 8.02 781 772 703 827 814
n - 3p (‘As) 8.63 8.56 820 810 637 850 837
AMAD(TBE)  —0.05  —0.13 =006 —0.08 +0.09 - -
AMAD(Expt.)  —0.01  —009  —0.06 —0.08 +0.09 _ _

®aug-cc-pVTZ basis set.
bTheoretical best estimates, from Ref. [T
¢Experimental data from Ref.
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Figure S2: Convergence of the RMS error with respect to SCF cycles for IMOM and STEP algorithms for
the core-ionized [O(1s)]~! state of NyO (UHF /cc-pCVTZ).
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