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Estimation of the Liquid Phase Composition as Function of the Pressure. For calculating the solute mole fraction in the liquid phase xsolute and the related saturation pressure p, solubility data from the literature are used. In order to inter- and extrapolate to p which are of interest in this work, a linear dependency between the solute partial pressure psolute and xsolute at a constant temperature T is assumed. In the following, this linear dependency is referred to as H12. 
Available experimental solubility data are used for binary systems of N2 dissolved in n-dodecane [1], n-octacosane [2], or HMN [3] and CO2 dissolved in 1-hexadecanol [4] or squalane [5]. For all other systems, the solubilities of binary mixtures based on similar solvents or solutes were inter- and extrapolated according to the number of carbon atoms nc in either the solvents or solutes. 
For the inter- and extrapolation of the solubility data to T investigated in this work, the T-dependent correlation described in ref [6] is used for systems related to N2 dissolved in 1-hexadecanol or 2-butyl-1-octanol. For all the other systems, the T-dependent correlation for H12 described in ref [7] is used.
H2-based systems. For H2 in the solvents n-dodecane and n-tetracontane, H12 is interpolated from solubility data of H2 in different linear alkane solvents having carbon number nc = (10, 16, 28, 36, or 46) [8-10]. H12 of H2 in 1-hexadecanol [4] and in 1-octanol [11] were linearly interpolated with respect to the carbon number to obtain H12 in 1-dodecanol. 
CH4-based systems. The solubility of CH4 in n-dodecane is assumed to be identical to that of CH4 in n-decane. Here, psolute is fit with respect to T at constant xsolute using a third-order polynomial function [12, 13]. The CH4 solubilities in four different linear-alkanes having nc = (20, 28, 36, or 44) [14, 15] were used to calculate H12 of CH4 in n-tetracontane by correlating them with respect to nc. The data of Bo et al. [16], who report H12 of CH4 dissolved in primary alcohols up nc = 11, was extrapolated to obtain H12 of CH4 in 1-dodecanol at T =298.15 K. H12 at different T for this mixture is estimated assuming the same T-dependent trend as that of CH4 in 1-hexadecanol. Here, H12 is extrapolated from H12 of binary mixtures consisting of 1-hexadecanol with ethane, propane, or n-butane [4] with respect to the solute nc using a second-order polynomial function for T up to 573.15 K. 
CO-based systems. psolute at a given xsolute of CO in n-dodecane is assumed to be identical to that in n-hexadecane [4]. H12 of CO in n-tetracontane was calculated by extrapolating H12 of CO in three different linear alkanes having nc = (20, 28, or 36) [17] with respect to nc using a second-order polynomial function. To obtain xsolute of CO in 1-dodecanol, the experimental data at 300 K [18] were extrapolated to larger T assuming the same T-dependent trend for H12 as it is given for that of CO dissolved in 1-hexadecanol [4]. 
N2-based systems. H12 of N2 in n-tetracontane was calculated by extrapolating H12 of N2 in four different linear alkanes having nc = (10, 20, 28, or 36) [2]. H12 of N2 in 1-dodecanol is assumed to be identical to that of N2 dissolved in 1-decanol [19]. H12 of N2 in 1-hexadecanol was calculated by linearly extrapolating H12 of N2 in 1-octanol and 1-decanol [19] with respect to nc. xsolute of N2 in 2-butyl-1-octanol was assumed to be identical to that of N2 in 1-hexadecanol. 
CO2-based systems. psolute at a given xsolute of CO2 in n-dodecane was assumed to be identical to that of CO2 n-decane [10, 20]. psolute at a given xsolute of CO2 in HMN was assumed to be identical to that of CO2 in n-hexadecane [4]. H12 of CO2 in 1-dodecanol was calculated by interpolating H12 of CO2 in 1-decanol [21] or 1-hexadecanol [4] with respect to nc. psolute at a given xsolute of CO2 in 2-butyl-1-octanol was assumed to be identical to that of CO2 in 1-hexadecanol.
He-based systems. xsolute of He in n-dodecane, given for T = (288.15 - 314.55) K [22], was extrapolated to larger T considering the T-dependent trend of He in n-hexadecane [23]. For the long-chained n-alkanes n-tetracontane or n-octacosane xsolute is assumed to be identical to that of He in n-hexadecane [23]. H12 of He in 1-dodecanol or 1-hexadecanol was calculated by extrapolating H12 of He in primary alcohols with nc = (6, 8, or 10) [24] with respect to nc. 
H2O-based systems. xsolute of H2O in n-dodecane, 1-dodecanol, or n-tetracontane was calculated according to the method described in our previous publication [25]. The vapor pressure pV of H2O and the solvent n-dodecane was taken from the REFPROP data base [26]. For 1-dodecanol and n-tetracontane, pV was taken from ref [27] and ref [28]. 
Temperature-Dependent Correlations for the Liquid Dynamic Viscosity and Interfacial Tension of the Pure Solvents Investigated by Equilibrium Molecular Dynamics (EMD) Simulations. The T-dependent correlations for the liquid dynamic viscosity L and interfacial tension of the pure solvents were calculated based on EMD simulations of Klein et al. [29]. For L, a Vogel-type equation with the same statistical weight is used, according to 
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Fitting parameters for each solvent are listed in Table S1. 
Table S1. Coefficients for Eq S1 for the Liquid Dynamic Viscosity L,calc of the Eight Investigated Solvents
	substance
	L,0
	L,1 / (K)
	L,2/ (K2)
	L,3/ (K3)

	n-dodecane
	− 7.32760
	4.11651∙103
	−7.80939∙105
	7.61736∙107

	1-dodecanol
	−7.54284
	5.11703∙104
	−1.45202∙106
	2.59580∙108

	n-tetracontane
	−1.37405∙101
	1.54020∙104
	−5.67217∙106
	7.76613∙108

	n-octacosane
	−5.58539
	2.89291∙103
	2.19574∙105
	−1.37115∙1018

	1-hexadecanol
	4.73769
	−1.08734∙104
	5.60944∙106
	−7.61633∙108

	HMN
	−1.03149∙101
	8.71965∙103
	−2.77228∙106
	3.62289∙108

	2-butyl-1-octanol
	−1.11287∙101
	9.77824E∙103
	−3.58719∙106
	5.70179∙108

	squalane
	−1.73377∙101
	1.88745∙104
	−7.16729∙106
	1.00321∙109


For , a temperature dependent polynomial function up to order of three is used, according to
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with same statistical weights. Corresponding solvent specific fitting parameters are listed in Table S2. 
Table S2. Coefficients for Eq S2 for the Interfacial Tension calc of the Eight Investigated Solvents
	substance
	0 / (mN∙m−1)
	1 / (mN∙m−1∙K−1)
	2 / (mN∙m−1∙K−2)
	3 / (mN∙m−1∙K−3)

	n-dodecane
	71.96
	−2.387∙10−1
	3.526∙10−4
	−2.446∙10−7

	1-dodecanol
	174.20
	−8.807 ∙10−1
	1.752∙10−3
	−1.255∙10−6

	n-tetracontane
	47.88
	−2.370∙10−1
	3.457∙10−4
	−2.267∙10−7

	n-octacosane
	96.91
	−3.797∙10−1
	6.947∙10−4
	−5.000∙10−7

	1-hexadecanol
	35.98
	5.361∙10−2
	−2.991∙10−4
	2.271∙10−7

	HMN
	72.74
	−2.639∙10−2
	4.509∙10−4
	−3.294∙10−7

	2-butyl-1-octanol
	47.24
	−5.887∙10−2
	−3.126∙10−5
	1.905∙10−8

	squalane
	50.45
	-8.877∙10−2
	4.999∙10−5
	-2.740∙10−8
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[bookmark: _Hlk102248228]Visualizations of the Molecular Structure at the Vapor-Liquid Interface with the Help of Partial Density Profiles. The surface enrichment, which is addressed in the main text of the manuscript via the calculation of the relative adsorption, as well as the thickness of the interface can be visualized by plotting the partial number density N of the mixture components as function of the box coordinates at and close to the vapor-liquid interface. In Figure S1, N of the solute is shown for four binary mixtures at T = 298.15 K. Here, the amount of dissolved solute (top), solvent type (middle), and solute type (bottom) are varied to investigate the influence on surface enrichment. The upper part of Figure S1 shows the binary mixture of n-dodecane with dissolved CO for xCO = (0.041 and 0.095). For both compositions, a broad and well-defined maximum for N can be observed. N for the mixture with the larger concentration of CO is larger over the entire box length, where a larger N in the vapor phase is related to the larger partial pressure necessary to dissolve more CO. In the case of CO dissolved in n-dodecane or 1-dodecanol (middle), N of the solutes are similar over the entire depicted z range. This is indicative of similar solubilities for these mixtures. The comparable magnitudes and widths of the peaks suggest a similar surface enrichment of CO in both solvents. This is contradictive to the observations obtained from the relative adsorption calculations in the main text, where a larger relative adsorption of CO in n-dodecane in comparison to 1-dodecanol was calculated. A reason for the discrepancy is that the relative adsorption calculations also consider the partial density of the solvent. Finally, the results for CO or H2 dissolved in n-dodecane (bottom) show a much smaller surface enrichment for H2 in comparison to CO. This agrees with the findings from the relative adsorption in the main text and shows that N plots can be used to compare the enrichment of the solute at the vapor-liquid interfaces when their difference is substantial.

[image: ]
Figure S1. Partial number density N of the solutes as function of the z-coordinate at and close to the vapor-liquid interface at T = 298.15 K. (top) N for binary mixtures consisting of CO dissolved in n-dodecane for two different compositions. (middle) N for binary mixtures of CO dissolved in n-dodecane or 1-dodecanol. (bottom) N for binary mixtures of CO or H2 dissolved in n-dodecane.
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