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1. SFG spectra of saponin air-water interface

Figure S1. Comparison of SFG spectra of air-water interfaces from filtered and unfiltered saponin solutions with
a concentration of 0.1 g/L. The polarization of the SFG, VIS and IR beam is SSP. For the filtered sample the stock
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Figure S2. SFG spectra of the pristine saponin air water interface. (a) study of the effect of the saponin
concentration, pH 5.2 and (b) study of the addition of 1% acetic acid to the solutions (pH 2.85). The polarization
of the SFG, VIS and IR beam was SSP. The pH of solutions with 1% of acetic acid becomes more acidic, pH 2.85,
and the OH bands are highly affected by the double layer contribution, decreasing in SFG intensity due to the
decrease in the net charge at the interface. The C-H bands also are affected by the tail of the broad OH stretching
bands, as the SFG spectra are dependent on the interference between the bands and the relative phases. See
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2. SFG spectra of chitosan air-water interface
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Figure S3. Comparison of SFG spectra of 0.5 g/L chitosan air-water interface in 96% or 1% of acetic acid
solution. The polarization of the SF'G, VIS and IR beams is SSP, respectively.

The SFG spectra of 0.5g/L chitosan in water and 1% acetic acid show non surface-active species.
The chitosan molecules are not sufficiently present in the interfacial layer to detect it with SFG
spectroscopy. We have include the SFG spectra of pure acetic acid (96% purity), were only one
sharp band at 2945 cm™! can be distinguished, attributed to the Fermi resonance of the -CH3 of the

acetic acid [36].

3. Nonlinear least square fits to selected SFG spectra

We have fitted the SFG intensity Isrg using the following function:
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where we use the phase ¢  between the individually vibrational bands and the nonresonant background.



The fitting procedure was performed using a home-built MATLAB software code using the eq. S1. Where
we used the Lorentzian terms for the narrow C-H vibrational bands as explained in the main text, while the
broad O-H stretching bands (see also main text) that are centered at frequencies >3000 cm™ where fitted
with Voigt functions V(wg, a4, I3) in order to account for inhomogeneous broadening. We point out that
due to the high number of fit parameters needed to capture all the spectral details, fitting of the spectra is
challenging and there might exists several sets of parameters that allow to fit the spectra with identical
quality, which we did not explore in full detail. However, we decided to perform the fitting only for the
lowest (0 g/L) and highest (0.5 g/L) chitosan concentration in order to show the change in relative phase of
the water band close to 3200 cm™ and the C-H band at 2994 cm™ (Table 1). As discussed in detail in the

main text, we link this change in relative phase to charge reversal at the interface.
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Figure S4. Comparison of the fit curves (red lines) with the experimentally determined vibrational SFG
spectra (black lines) of air-water interfaces modified by saponin-chitosan mixtures with chitosan
concentrations of 0 and 0.5 g/L as indicated in the figure. Note that the saponin concentration in the
aqueous solution was fixed to 0.1 g/l and that the solution contained 0.1 %wt acetic acid in order to
adjust the pH value to 3.4. The fit parameters are documented in Table 1 in the text below.



Table S1. Parameters used to fit the SFG spectra shown in Figure S4. For assignments of these bands

the reader is referred to the main text.

0 g/L 0.5 g/LL 0g/LL 0.5 g/LL
XNR 0.15+0.0110.31 £0.17
Ap/au |0.21+0.0210.21 £0.02 Ar/au 0.09+0.01]0.35+0.02
[/ cm’! 10 12 [/ cm’! 7 8
d* C-H
¢o/n 0.5 0.6 o/m 1 0
oy / cm’! 2857 2857 oy / cm! 2994 2994
Ai/au |0.12+0.01]0.16 £0.02 A,/au 16.8+03 | 153+04
I,/ cm’! 8 9 o,/ cm! 82 150
rt O-H
o/ 0.5 0.8 o/n 1 1
o / cm’! 2888 2888 o/ cm! 3200 3150
Ar/au 048 +0.0210.39 +0.02 Ay /au 12.0+0.3 10.20+0.02
N I,/ cm’! 20 20 T4 /cm™ 58 127
der O-H
o/m 1 1 o/m 0.6 1
oy / cm! 2930 2930 oy / cm’! 3510 3364
Ar/au |0.77+£0.0110.51 +£0.02 A,/au 38+0.3 ] 034+0.1
[ / cm’! 10 8 o,/ cm’! 40 92
/1 O-H a
R o/m 1 1 o/m 0.4 1
oy / cm™! 2953 2951 g / cm’! 3600 3550
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