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I. Molecular simulations of liquid n-tridecane.  

 

Conformation and flexibility properties of the DPC alkyl chain were compared with n-
tridecane (C13). Indeed, this alkane has an equivalent number of methylene groups and a 
methyl group at each end compared to DPC. 216 n-tridecane molecules were simulated in a 
cubic box using the AMBER99SB,1 CHARMM36,2 GROMOS53A6/54A73,4 and the 
GROMOS_Berger5 force fields (named throughout as AMBER, CHARMM, 
GROMOS_53A6/54A7 and GROMOS-Berger). We carried out only a single simulation with 
the GROMOS53A6 and GROMOS54A7 force fields because the methylene and methyl 
groups are represented by identical bonded and non-bonded parameters in these force fields. 
The n-tridecane partial charges for the CHARMM36, GROMOS5354A7 and GROMOS-
Berger simulations were directly taken from the respective force fields (Table S2). In case of 
n-tridecane modeled in the AMBER condition, we derived a new set of RESP charges by 
using the R.E.D. Server facility 6 and a similar protocol than that was previously reported for 
the DPC alkyl chain (i.e. “all-trans dihedrals” and two molecular orientations based on C1, 
C2, C3 and C3, C2, C1 atoms). 
 
The simulations were carried out at T = 300 K and P = 1.015 bars during 10 ns after 
equilibration periods of 800 ps in NVT (200 ps) and NPT (500 ps) ensembles. In the AMBER 
and CHARMM simulation conditions, the same simulation protocol that that used for DPC 
was used (see the main text). For the GROMOS simulations, a twin-range cutoff scheme was 
used: interactions within a shorter-range cutoff (8 Å) were calculated at every step, whereas 
interactions were updated every 10 fs, together with the neighbor pair list with a longer cutoff 
(14 Å). The temperature and the pressure were kept fixed by using the Nosé-Hoover 
thermostat 7,8 and the Parrinello-Rahman barostat 9,10 with coupling constants of τT = 0.3 ps 
and τp = 1.0 ps, respectively. The time step was 2 fs and the P-LINCS algorithm 11 was used 
to restrain bond lengths to their equilibration values. Figure S2 provides final snapshots for 
the AMBER and GROMOS53A6/54A7 simulations.  
 
Properties such as the density, molecular volume, isothermal compressibility, translational 
diffusion, the average percentage of the alkyl dihedral angles in the trans conformation and 
the mean dihedral transition time) were computed from the last 7 ns of each simulation with 
snapshots extracted every 2 ps and reported in Figure S3 and in Table S4.  
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Figures  

 

 
 

Figure S1: Time evolution of the solvent accessible surface area for the DPC monomer and 
the phosphocholine head group (inset) for the AMBER (black line), CHARMM (red line), 
GROMOS_53A6 (green line), GROMOS_54A7 (magenta) and GROMOS-Berger (blue line) 
simulations. See the main text for details.  
 

 
 

Figure S2: Final snapshots (t = 10 ns) of n-tridecane simulations at T = 300 K and P = 1.015 
bars with the AMBER (left) and GROMOS53A6/54A7 (right) force fields.  
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Figure S3: Average relative trans population for alkyl dihedral angles along the n-tridecane 
chain (a) and mean trans↔gauche transition time (b) for the AMBER (black and ●), 
CHARMM (red and ■), GROMOS_53A6/54A7 (magenta and ▲) and GROMOS-Berger 
(blue and ▼) simulations. Note that the first and last dihedral angle are C1C2C3C4 and 
C10C11C12C13, respectively. The statistical errors for the trans population and transition are 
less than 2 and 5 %, respectively. 
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Table 

 

 
Table S1: Atom types (AT) and atomic charge values (qe-) for DPC. Atom types are those 
defined in the Amber99SB, CHARMM36, GROMOS53A6, GROMOS54A7 and in the 
GROMOS_Berger force fields.  
 
 
 

Force Field AMBER CHARMM GROMOS_53A6 GROMOS_54A7 GROMOS_Berger 

Atom names AT qe- AT qe- AT qe- AT qe- AT qe- 

C1 CT -0.1438 CTL5 -0.350 CH3 0.400 CH3p 0.400 LC3 0.400 
H1A, H1B, H1C HP 0.1235 HL 0.250 - - - - - - 
C2 CT -0.1438 CTL5 -0.350 CH3 0.400 CH3p 0.400 LC3 0.400 
H2A, H2B, H2C HP 0.1235 HL 0.250 - - - - - - 
C3 CT -0.1438 CTL5 -0.350 CH3 0.400 CH3p 0.400 LC3 0.400 
H3A, H3B, H3C HP 0.1235 HL 0.250 - - - - - - 
N4 N3 0.0290 NTL -0.600 NL -0.500 NL -0.500 LNL -0.500 
C5 CT -0.0360 CTL2 -0.100 CH2 0.300 CH2 0.300 LH2 0.300 
H5A, H5B HP 0.1324 HL 0.250 - - - - - - 
C6 CT 0.1414 CTL2 -0.080 CH2 0.400 CH2 0.400 LH2 0.400 
H6A, H6B H1 0.0548 HL 0.090 - - - - - - 
O7 OS -0.5766 OSLP -0.570 OA -0.800 OA -0.800 LOS -0.800 
P8 P 1.2266 PL 1.500 P 1.700 P 1.700 LP 1.700 
O9, O10 O2 -0.7970 O2L -0.780  OM -0.800 OM -0.800 LOM -0.800 
O11 OS -0.5059 OSLP -0.570 OA -0.700 OA -0.700 LOS -0.700 
C12 CT 0.1847 CTL2 -0.080 CH2 0.000 CH2 0.000 LP2 0.000 
H12A, H12B H1 0.0059 HAL2 0.090 - - - - - - 
C13 CT 0.0229 CTL2 -0.180 CH2 0.000 CH2 0.000 LP2 0.000 
H13A, H13B HC 0.0324 HAL2 0.090 - - - - - - 
C14 CT -0.0182 CTL2 -0.180 CH2 0.000 CH2 0.000 LP2 0.000 
H14A, H14B HC -0.0047 HAL2 0.090 - - - - - - 
C15 CT 0.0138 CTL2 -0.180 CH2 0.000 CH2 0.000 LP2 0.000 
H15A, H15B HC -0.0121 HAL2 0.090 - - - - - - 
C16 CT 0.0351 CTL2 -0.180 CH2 0.000 CH2 0.000 LP2 0.000 
H16A, H16B HC -0.0099 HAL2 0.090 - - - - - - 
C17 CT 0.0113 CTL2 -0.180 CH2 0.000 CH2 0.000 LP2 0.000 
H17A, H17B HC -0.0043 HAL2 0.090 - - - - - - 
C18 CT 0.0169 CTL2 -0.180 CH2 0.000 CH2 0.000 LP2 0.000 
H18A, H18B HC -0.0092 HAL2 0.090 - - - - - - 
C19 CT 0.0178 CTL2 -0.180 CH2 0.000 CH2 0.000 LP2 0.000 
H19A, H19B HC -0.0101 HAL2 0.090 - - - - - - 
C20 CT 0.0105 CTL2 -0.180 CH2 0.000 CH2 0.000 LP2 0.000 
H20A, H20B HC -0.0073 HAL2 0.090 - - - - - - 
C21 CT 0.0064 CTL2 -0.180 CH2 0.000 CH2 0.000 LP2 0.000 
H21A, H21B HC 0.0002 HAL2 0.090 - - - - - - 
C22 CT  0.0380 CTL2 -0.180 CH2 0.000 CH2 0.000 LP2 0.000 
H22A, H22B HC -0.0042 HAL2 0.090 - - - - - - 
C23 CT -0.0775 CTL3 -0.270 CH3 0.000 CH3p 0.000 LP3 0.000 
H23A, H23B, 
H23C 

HC 0.0153 HAL3 0.090 - - - - - - 
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Table S2: Same legend as Table S1 for n-tridecane. Note that in GROMOS53A6, 
GROMOS54A7 the two atom types CH3 and CH3p use bonded and non bonded parameters. 
 

 

 

 

 

 

 

 

 

 

 

 

Table S3: Average dimensions of the whole micelle and hydrophobic core in the different 
simulation conditions studied in this work. Values with M and HC subscripts were computed 
by including all the micelle atoms and those of the hydrophobic core of the inertia tensors, 
respectively. lpl is the average head group thickness of the micelle in Å computed from the 
three semi-axes lengths. The statistical errors (maximum errors) are always lower than 0.9 
and 0.4 Å for semi-axis lengths, and the head group thickness, respectively. 
 

Force Field AMBER CHARMM GROMOS GROMOS_Berger 
Atom names AT qe- AT qe- AT qe- AT qe- 

C1 CT -0.0828 CTL2 -0.270 CH3/CH3p 0.00 LP2 0.00 
H1A, H1B, H1C H1 0.0165 HAL2 0.090 - - - - 
C2 CT 0.0398 CTL2 -0.180 CH2 0.00 LP2 0.00 
H2A, H2B HC -0.0040 HAL2 0.090 - - - - 
C3 CT 0.0073 CTL2 -0.180 CH2 0.00 LP2 0.00 
H3A, H3B HC -0.0001 HAL2 0.090 - - - - 
C4 CT 0.0085 CTL2 -0.180 CH2 0.00 LP2 0.00 
H4A, H4B HC -0.0075 HAL2 0.090 - - - - 
C5 CT 0.0163 CTL2 -0.180 CH2 0.00 LP2 0.00 
H5A, H5B HC -0.0097 HAL2 0.090 - - - - 
C6 CT 0.0233 CTL2 -0.180 CH2 0.00 LP2 0.00 
H6A, H6B HC -0.0092 HAL2 0.090 - - - - 
C7 CT 0.0122 CTL2 -0.180 CH2 0.00 LP2 0.00 
H7A, H7B HC -0.0070 HAL2 0.090 - - - - 
C8 CT 0.0233 CTL2 -0.180 CH2 0.00 LP2 0.00 
H8A, H8B HC -0.0092 HAL2 0.090 - - - - 
C9 CT 0.0163 CTL2 -0.180 CH2 0.00 LP2 0.00 
H9A, H9B HC -0.0097 HAL2 0.090 - - - - 
C10 CT 0.0085 CTL2 -0.180 CH2 0.00 LP2 0.00 
H10A, H10B HC -0.0075 HAL2 0.090 - - - - 
C11 CT 0.0073 CTL2 -0.180 CH2 0.00 LP2 0.00 
H12A, H11B HC -0.0001 HAL2 0.090 -- - - - 
C12 CT 0.0398 CTL2 -0.180 CH2 0.00 LP2 0.00 
H12A, H12B HC -0.0040 HAL2 0.090 -- - - - 
C13 CT -0.0828 CTL2 -0.270 CH3/CH3p 0.00 LP3 0.00 
H12A, H12B, H13C HC 0.0165 HAL3 0.090 - - - - 

Micelle aM bM cM aHC bHC cHC lpl 

AMBER 24.3 21.7 19.6 13.2 11.6 10.4 10.1 

CHARMM 23.6 21.5 19.6 13.1 11.6 10.3 9.9 

GROMOS_53A6 24.6 21.4 19.0 14.5 12.0 10. 2 9.4 

GROMOS_54A7 24.4 21.9 19.9 13.4 11.7 10.3 10.2 

GROMOS-Berger 24.0 21.4 19.3 13.8 11.8 10.2 9.6 
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Table S4: Structural properties obtained for simulations of bulk n-tridecane at 300 K and P = 
1.015 bars. ρ, Vmol, βT , Dtrans and %CCCC are the average density, the molecular volume, the 
isothermal compressibility, the translational diffusion and the relative population for the alkyl 
dihedral angles in the trans conformation (i.e. defined as -60o < Ф < +60o), respectively. Vmol 
values were computed by dividing the average box volume by the number of n-tridecane 
molecules and with the trjVoronoi program (in parenthesis).12 
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