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Table S1: Atom type and partial atomic charges used to describe gemini headgroups with the Berger 

Force Field.

Torsional parameter of O-CH2-CH2-O and CH3-O-CH2-CH2

Torsional potential of O-C-C-O and C-O-C-C dihedral angles was determined by performing 

geometry optimization of dimethoxyethane (DME). The quantum mechanical energy was calculated 

at CCSD(T)/cc-pVTZ level of theory on the MP2/cc-pVDZ geometry of DME. At each step, the 

remaining internal degree of freedom were allowed to relax during the energy minimization. The 

molecular mechanics dihedral potential was built to include the nonbonded 1-4 interaction.

The torsional potential energy was described by using the Ryckaert-Bellemans dihedral potential:

𝑉𝑅𝐵(𝜙𝑖𝑗𝑘𝑙) =
5

∑
𝑛= 0

𝐶𝑛(cos (𝜙 ‒ 180))𝑛

The Ryckaert-Bellemans coefficient, Cn, were obtained by minimizing the differences between the 

quantum mechanical and molecular mechanics potential energies and the corresponding Ryckaert-

Bellemans potential values. 

Table S2: Torsional Parameter (in units of kJ mol-1) for the O-CH2-CH2-O, CH3-O-CH2-CH2 

dihedral of DME
Torsional Angle C0 C1 C2 C3 C4 C5

O-CH2-CH2-O 1.6539 20.2169 6.014 -32.127 2.3622 1.7444

CH3-O-CH2-CH2 3.0131 11.6689 1.0591 -11.9327 -0.2041 -3.7430

n Name Atom type Atomic Charge

1,2 CH3 LC3 0.219

3 CH2 LP2 0.219

4 N LNL 0.124

5 CH2 LH2 0.219

6 CH LH1 0.059

7 O LOS -0.414

8 CH3 LC3 0.355
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Figure S1:  Time evolution at 310 K of the area per lipid, AL(t), calculated by dividing the lateral 

(XY) dimensions of the simulated box of DMPC/1a (A) and DMPC/1b (C). Time evolution of the 

area per lipid, AL(t), calculated by Voronoi tessellation of DMPC/1a (B) (DMPC black line and 1a 

red line) and DMPC/1b (D) (DMPC black line and 1b red line).

Figure S2:  Mass density profiles of selected atoms of DMPC across lipid bilayer. The mass density 

is calculated with respect to the lipid bilayer center (z = 0). 



Figure S3:  Orientation of P-N vector with respect to the normal bilayer of pure DMPC (black line), 

DMPC/1a (red line) and DMPC/1b (blue line). 

Figure S4: Radial distribution function of water around non-ester oxygen atoms OF and OH of 

DMPC in DMPC (A) in DMPC/1a (B) and DMPC/1b (C) bilayers.

Lateral Diffusion of Water.

The calculation of the lateral diffusion coefficients of water (Dlat - parallel to lipid bilayer 

surface) allow us to evaluate the translational mobility of water close to lipid bilayer. Figure S5 

reports the values of lateral diffusion coefficients (Dlat) of water molecules calculated as a function 

of the distance d from the surface of lipid bilayer by dividing the d dimension into 0.2 nm slabs.



The lateral diffusion coefficient Dlat of water molecules, associated with the different slabs close to 

the bilayer surface, was calculated from the mean square displacement (MSD) of water molecules 

using the Einstein equation:

𝐷𝑙𝑎𝑡= lim
𝑡→∞

〈|�⃗�(𝑡)| ‒ |�⃗�(𝑡0)|2〉
4𝑡

The MSD of water in each slab was calculated over 20 ps intervals by considering only the 

water molecules located in same zone at time t0 and t.

Figure S5. The lateral diffusion coefficient (Dlat) of water molecules as a function of distance d from 

the membrane-water interface of DMPC (black line), DMPC/1a (red line) and DMPC/1b (blue line).

For all simulated systems, water mobility increases as a function of the distance from the lipid/water 

interface, due to the decrease of interaction between water molecules and lipids, in agreement with 

literature dataS1,S2,S3. In the case of DMPC bilayer we obtained a value of lateral diffusion for the bulk 

water molecules of (5.01 ± 0.02)10-5 cm2 s-1 in agreement with literature data2.

In the case of DMPC/1 the water mobility is reduced with respect to mere DMPC and not influenced 

by the nature of gemini component. The lateral diffusion of water at the membrane-water interface 

of DMPC/1 is influenced by the nature of interaction between water molecules and lipid/gemini 



components and also by the presence of chloride ions that neutralise the positive charges of gemini. 

The chloride ions, localised mainly in the region II and III (Figure 3), due to high mass, slow down 

the diffusion of water molecules with respect to water molecules at the membrane-water interface of 

DMPC.
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