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I. SUPPLEMENTARY FIGURES
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Supplementary Figure 1. Hydrogen bond classification
a Schematic depiction of the local HB classification employed. b and c Illustration of possible D2 and D1 structures, respectively.
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Supplementary Figure 2. Non-validity of the single-bond model
a Comparison of total theoretical RIXS spectrum o (dark blue) and the RIXS composed only of the non-hydrogen bonded
potentials 0¥, (red) for all D1 structures (single bond calculations). b RIXS spectra considering a single bond model for all

OH bonds and all structures in the configuration o*® (green) alongside o
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Supplementary Figure 3. Division of the spectrum into intervals Ae¢,,
Experimental RIXS spectrum and its Gaussian fit are shown by blue and orange, respectively. The division into intervals was
performed using the Gaussian fit.
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Supplementary Figure 4. Explanation of the reconstruction of the potentials through the genetic algorithm (GA)
Left panel shows that randomly generated initial distribution of the potentials (without any constraints) leads to a quasi-
continuum spectrum. Right panel displays the distribution of the OH potentials selected by GA for two individual constraints:
(111111) and (112212), contained in Egs. (2 and 3) of main text, respectively.
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Supplementary Figure 5. Validation of the confidence interval extraction
a Distribution of the ab initio potentials. b Confidence interval reconstructed from the theoretical RIXS spectrum based on
the potentials shown in the panel a.
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Supplementary Figure 6. The role of the method of calculations of transition dipole moment on the RIXS profile
a Comparison between the total RIXS profile and the theoretical ones computed using transition dipole moments yielded by the
HCH, FCH and XCH methods. Total and partial theoretical RIXS cross-sections for different local structure subsets computed
with XCH b and HCH c dipoles. The percentages show the contributions of D1 and D2 structures in the total RIXS profile.
Different quantum chemical methods result in different numbers because they give different transition dipole moments. We
omit here the FCH partial analysis because its almost identical to the XCH case shown in panel b.



