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Global analysis of the OH stretch band of bulk water with isotopic dilution

Raman spectra of different isotopically diluted water (H,O(100%) i.e. neat water; H,O(75%)
i.e. (H,O/D,0 = 75/25, v/v); H,0(50%), and H,O(25%)) are shown in Figure S1A. It is well
known that isotopic dilution reduces the intra- and intermolecular coupling but does not affect
the H-bond strength of water.!: > Therefore, the intensity normalization of the spectra at the peak
(3400 cm!) provides a clear indication of the effect of intra- and intermolecular coupling on the
OH stretch band. As can be seen from Figure S1A, on increasing isotopic dilution, the intensity
below the centre frequency (3400 cm™') decreases whereas, there is no significant change in the
region above the centre frequency. Qualitatively, the spectrum of neat water (black curve) shows
at least three component bands that are centered around ~ 3200, 3400 and 3600 cm,
respectively. Therefore, a global analysis of the OH stretch bands corresponding to different
isotopic dilutions with a three component Gaussian function provides information about the
variation of the amplitudes of these component bands with isotopic dilution. The dashed lines in

Figure S1A are the global fit-functions (fitting parameters are summarized in Table S1).
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FigureS1. (A) Global fitting of the normalized Raman spectra of isotopically diluted water with
three component Gaussian fitting functions. Dashed lines represent the fitting functions. (B) Plot
of the amplitude of the component bands (dashed lines: black (3208 cm!), red (3422 cm™'), and
green (3613 cm!)) vs. the mole fraction of O-H oscillators (Xo.y) in water. Variations of relative
integrated intensity above 3400 cm™! (red solid line) and below 3400 cm! (black solid line) vs.
Xo-p are shown in the right axis of the same panel.

Table S1. Global fitting parameters of the normalized Raman spectra of neat and isotopically

diluted water

Water with Amplitudes of component bands
different isotopic Band-1 Band-2 Band-3
dilution (ve=3208 cm’!, | (v¢=3422cm?, | v.=23613 cm’,
'=2172cm'! | '=27135cm’! | I'=78.6cm’!

H,0(100%) 0.586 0.91 0.1
H,0(75%) 0.387 0.953 0.11
H,0(50%) 0.221 0.97 0.11
H,0(25%) 0.051 0.98 0.13

Variation of the amplitude of the component bands (centre frequencies in cm!: 3208 (band-1),
3422 (band-2), 3613(band-3)) with isotopic dilution (represented as the mole fraction of OH

oscillator (Xog)) is shown in Figure S1B. On decreasing Xoy, the amplitude of band-1(3208 cm-



1) decreases significantly, whereas those of band-2 (3422 cm!) and band-3 (3613 cm') do not
change appreciably (dashed lines in Figure S1B). The decrease of the amplitude of band-1 results
from the intra- and intermolecular vibrational decoupling due to isotopic dilution. Thus, the
response of intra-and intermolecularly coupled water is largely confined in the low frequency
region of the OH stretch (3200 cm™'). The invariance of the amplitudes of band-2 and band-3 is a
manifestation that the H-bond strength of water does not change on isotopic dilution.

Accordingly, on increasing isotopic dilution, the relative integrated intensity in the red region of

3400 3400
(Rlc3400=1) 1, dV]HOD/[ [, dv]yz0)
the OH stretch band 2800 2800 decreases and that in the blue region
3800 3800
(RIS 3400 = f L dV]HOD/[ I Avlp20)
3400 3400 does not change. It is observed that, on isotopic dilution,

RI d RI

<3400 goes parallel to the amplitude of band-1; an >3400 goes parallel to the amplitude of

band-2 and band-3 (Figure S1B). Thus, the relative integrated intensity above and below the

centre frequency (RI > 3400 and RI <3'400) of the OH stretch band, which can be easily obtained,
provides insight into the modification of H-bonding and intra-/intermolecular coupling of water.
We have applied this methodology to the spectra of hydration shell water, which has been
discussed in the main text.
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