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Fitting Procedure 
 

a) 

 

b) 

 
Figure S1: Fitting results of a) the free OH peak of pure H2O and b) the CH peaks of pure ethanol (SSP polarisation) 

All spectra in this work were fitted using the equation 
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𝜒𝑁𝑅
(2)

 and  𝜒𝑅
(2)

 represent the non-resonant and resonant second order susceptibilities. The non-

resonant part can be described by an amplitude and a phase difference to the resonant signal given 

by 𝐴𝑁𝑅  and ϕ, respectively. Each resonance of χ(2) is described as a Lorentz function, with An, ωn and 

Γn representing the amplitude, the centre frequency and the width of the n-th resonance. Depending 

on the orientation of the bond direction different signs of the peaks can result. This was taken into 

account by the free choice of the sign of the fit parameter An. Figure S1 shows the fit solutions in the 

two considered ranges (free OH and CH). Here the different choice of the peak orientation is visible. 

 

a) 

 

b) 

 

c) 

 
   
Figure S2: Dependence of a) 〈cos(θ)〉 and b) D on the central angle θc and the width of the angular distribution P(θ) as 

defined by equation (10) of the main manuscript, P(θ)= sin(θ) e
−(θ−θC)²

2σ²
⁄

. Panel c) shows the obtained values of the 

central angle θc and the width σ at the various studied ethanol concentrations (arrows indicate an increasing fraction of 

ethanol). The average orientational angle 〈θ〉 is given by ∫dθ P(θ) θ). It should be noted that the average orientational angle 

〈θ〉 will differ from θc, especially when σ is large.  



In Figure S2 a) and b) we present contour plots of 〈cos(θ)〉 and D that are calculated using the 

probability density function of equation (10) of the main manuscript, P(θ) = 𝑠𝑖𝑛(𝜃) 𝑒
−(𝜃−𝜃𝐶)²

2𝜎²
⁄ . The 

values of 〈cos(θ)〉 and D values thus directly follow from the values of the central angle θc and the 

width . Subsequently, we can use the experimentally determined 〈cos(θ)〉 and D value for each 

water-ethanol mixture to find the best fitting values of θc and the width and thus the best fitting 

orientational distribution function P(θ). Figure S2 c) shows the obtained values for the central angle 

θc and the width σ for the studied water-ethanol mixtures. The resulting P(θ) for each composition 

can then be used to calculate the average angle 〈θ〉 (=∫dθ P(θ) θ) and the width of the orientational 

distribution, as defined as the full-width-at-half-maximum of P(θ). These are shown in Figure 10 of 

the main manuscript. In Figure S3 we show probability density functions P(θ) = 𝑠𝑖𝑛(𝜃) 𝑒
−(𝜃−𝜃𝐶)²

2𝜎²
⁄  that 

are representative for regions I, II and III. 

 

Figure S3: Orientational probability distribution function P(θ) for the three different regions indicated in Figure S2. The 
curves for region I and region III have been rescaled by a factor of 10 for better visibility.  

 

 

Figure S4: The fitted value of D from the VSFG spectra in PPP polarisation were varied ±0.05 (shown here as an exemplary 
for a concentration of 65%MF). Within these limits of D, the fits provided adequate results for all measured concentrations 
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Figure S5: Peak areas of the detected CH vibrations using (a) the SSP and (b) the PPP polarization obtained from fitting. 


