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Figure S1: Spectrum of NH3(aq) from the solution of the full EA-TDDFT equations versus the one obtained from
the Tamm-Dancoff approximation. Each spectrum is plotted as a weighted histogram that summarizes 50 snapshots of
molecular dynamics trajectory data. The histogram weights were taken to be the intensities, and each spectrum was
binned into 200 frequency ranges.

Table S1: Linear shifts applied to computed XAS spectra.

System
Method

LR-TDDFTa CIS EA-TDDFTb EA-CIS CCSDc

H2O -1.8 -26.7 -2.4 -3.2 —
NH3 -1.7 -23.8 -2.2 -3.0 -2.0
NH+

4 -6.7 -27.0 -2.9 -4.4 -2.0
aSRC1-R1
brCAM-B3LYP
cFrom Ref. 1
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Figure S2: Calculated XAS profiles using standard linear-response methods (LR-TDDFT/CIS) for (a) NH3(aq), (b)
NH+

4 (aq) and (c) liquid water along with XAS profiles using orbital-optimized linear-response methods (EA-TDDFT/
EA-CIS) for (d) NH3(aq), (e) NH+

4 (aq), and (f) liquid water. Each spectrum is plotted as a weighted histogram that
summarizes 50 snapshots of molecular dynamics trajectory data. The histogram weights were taken to be the intensities,
and each spectrum was binned into 200 frequency ranges. When possible, spectra were shifted to align the pre-edge feature
with experiment (details in Tab. S1). Experimental spectra for NH3(aq) and NH+

4 (aq) were reproduced from Ref. 2 and
liquid water data are taken from Ref. 3.
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