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Figure S1. Total energy of the system as a function of simulation time for nonionic Rha-C10C10 at air-water interface.

Figure S2. Total energy of the system as a function of simulation time for anionic Rha-C10-C10
at air-water interface.
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Figure S3. Average decay time of the hydrogen bonds for air-water and oil-water interfaces [13]. It is clear from these plots that the hydrogen bonds present in anionic Rha-C10-C10
monolayers at air-water as well as oil-water interface decays slower than nonionic. This in turn
supports the hydrogen bond occupancy results presented in the main article.
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Figure S4. Average length of the two alkyl chains. It is clear that in majority of the cases the
alkyl chains are close to the equilibrium bond length of a 7 carbon n-alkyl chain ~7.6 Å. There is
no significant difference between the anionic and nonionic Rha-C10-C10 monolayers.
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Figure S5. C-C pair distance between the two alkyl chains for nonionic and anionic Rha-C10C10 at the air-water interface. Every pair of C…C distance has two major peaks. Farther pair of
C…C has wide distribution while the closest pair of C…C has sharp distribution indicating that
flexible movements of the alkyl chain. Overall there is a mixture of parallel and unparallel
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orientation of the two alkyl chains in the molecules. The notable difference between anionic and
nonionic Rha-C10-C10 is the density of the peaks. All the C…C pairs exhibit relatively stronger
peaks near 5 Å for nonionic compared to anionic. This indicates that the density of alkyl chains
are aligned parallel is more in nonionic than nonionic. This analysis complements the head group
conformation analysis presented in the main text.

Figure S6. Relationship between number of hydrogen bonds per surfactant and interfacial
formation energy per surfactant for anionic and nonionic Rha-C10-C10 at the air-water interface.
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Figure S7. Intermolecular radial pair distribution function, g(r) for anionic Rha-C10-C10 at the
air water interface. The distribution for rhamnose group and carboxylic group are given
separately. It is evident from the plots that carboxylic groups have stronger peaks and interact
S7

with the counterions more strongly compared to the rhamnose group.

Figure S8. Variation in the representative bond lengths (Å) along the trajectory for 5ns of
simulation. The blue line is the error bar and red line is the equilibrium bond lengths. It is clear
from the figure that the average deviation from equilibrium bond distance is minimal.
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