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1. Thermal effects in Z-scan and D4σ through local and nonlocal nonlinearity models 

Figure 1S shows the comparison between local and nonlocal models to fit the 

experimental Z-scan and D4σ curves obtained for ethanol by using a high-

repetition-rate femtosecond Ti:sapphire laser. For demonstration purposes, the 

blue curves show curve fitting, using the numerical simulation described in main 

text, but considering the local model (m = 2.0), as described by Sheik-Bahae et al. 

[1] and Amaral et al. [2]. Nonlinear refractive indices of -11.0 x 10-9 cm2/W (Z-

scan) and -4.9 x 10-9 cm2/W (D4σ) were obtained for this analysis. Although the 

value obtained by D4σ (Z-scan) is very close (of the same order of magnitude) to 

that recently reported in the literature (n2 = -4.0 x 10-9 cm2/W) [3], the fit does 

not adequately describe the experimental results. On the contrary, considering 

that a quasi-continuous pulse excitation causes cumulative thermal effects, the 

experimental measurements were also fitted using the nonlocal model. The red 

lines show the best fits using m = 0.1 and n2 = -2.8 x 10-8 cm2/W (n2 = -2.2 x 10-8 

cm2/W) for Z-scan (D4σ) technique. Therefore, in this work the nonlocal model 

was used since it more adequately simulates the experimental results. 
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Fig. 1S: Experimental (a, c) Z-scan and (b, d) D4σ curves for (a, b) ethanol and (c, d) methanol, 
as well as their respective fits using the local (blue lines) and nonlocal (red lines) models.   

   

A similar analysis was performed for methanol [see Fig. 1S(c) and Fig. 1S(d)], 

showing that the nonlocal model more adequately describes the experimental 

results under the conditions used in this work. Nonlinear refractive indices of    

-3.5 x 10-8 cm2/W (-3.0 x 10-8 cm2/W) and -5.9 x 10-9 cm2/W (-3.2 x 10-8 cm2/W) 

were obtained from the Z-scan and D4σ techniques, respectively, using the local 

(nonlocal) model. 

 

2. IC-scan curves for methanol 

Fig. 2S(a) shows the experimental IC-scan curves obtained for methanol by 

analyzing the maximum values of the self-correlation function at the different 

sample positions along the z-axis. For incident intensities used between 1.0 and 

30 kW/cm2, Fig. 2S(b) shows the linear behavior of the peak-to-valley variation 

of the IC-scan curves, ∆𝑔𝑠𝑒𝑙𝑓,𝑚𝑎𝑥
(2)

.  

 



 

Fig. 2S: (a) Experimental and numerical (solid lines) IC-scan curves for methanol. (b) Peak-
to-valley variation of IC-scan curves for methanol as a function of incident intensity.   

 

  The solid lines in Fig. 2S(a) represent the result of the simulation described 

in section 3 of the paper (main text), by using 𝑛2
𝑚𝑒𝑡ℎ𝑎𝑛𝑜𝑙 = −(3.0 ± 0.2) ×

10−8  cm2 W⁄ , a value close to that measured by the external reference method 

[−(3.1 ± 0.3) × 10−8  cm2 W⁄ ]. 
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