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A Force field parameters
Molar mass values in parenthesis are only valid for lipid terminal beads (C1, C2). Here, length units are given in Angstrom
for consistency with LAMMPS real units. By convention, bond and angle constants are not multiplied by 1/2 in LAMMPS.
Force field parameters are obtained from the original MARTINI model1 for monolayer bead interactions and from the
polarisable water model paper2 for water-water, water-monolayer and charged bead interactions.

Bead Types
Bead type Charge q/e [-] Molar mass M [kg/kmol]
C1 - 72.0 (90.0)
C2 - 72.0 (90.0)
C5 - 72.0
P5 - 72.0
Qa −1.0 72.0
Qd +1.0 72.0
Na - 72.0
W - 24.0
WM −0.46 24.0
WP +0.46 24.0

Non-Bonded Interactions ELJ = 4ε

[(
σ

r

)12−
(

σ

r

)6
]
+SLJ(r)

Bead A Bead B Type1,2 ε [kcal/mol] σ [Å] Bead A Bead B Type1,2 ε [kcal/mol] σ [Å]

C1 C1 IV 0.8365 4.7 C5 P5 V 0.7409 4.7
C1 C2 IV 0.8365 4.7 C5 Qa IV 0.8365 4.7
C1 C5 V 0.7409 4.7 C5 Qd IV 0.8365 4.7
C1 P5 VIII 0.4780 4.7 C5 W V 0.7034 4.7
C1 Qa VII 0.5497 4.7 P5 P5 O 1.3384 4.7
C1 Qd VII 0.5497 4.7 P5 Qa O 1.3384 4.7
C1 W VIII 0.4538 4.7 P5 Qd O 1.3384 4.7
C2 C2 IV 0.8365 4.7 P5 W O 1.2707 4.7
C2 C5 V 0.7409 4.7 Qa Qa IV 0.8365 4.7
C2 P5 VII 0.5497 4.7 Qa Qd III 0.9556 4.7
C2 Qa VII 0.5497 4.7 Qa W I 1.1942 4.7
C2 Qd VII 0.5497 4.7 Qd Qd IV 0.8365 4.7
C2 W VII 0.5222 4.7 Qd W I 1.1942 4.7
C5 C5 IV 0.8365 4.7 W W - 0.9554 4.7
WP * - 0 - WM * - 0 -
C1 (ghost) * - 0 -

Bonds Eb = Kb (r− r0)

Bead A Bead B Kb [kcal/mol/Å2] r0 [Å]

C*, P*, Q* C*, P*, Q* 1.4938 4.7
W WM, WP Kb→ ∞ (SHAKE) 1.2

Angles Eθ = Kθ [cos(θ)− cos(θ0)]
2

Bead A Bead B Bead C Kθ [kcal/mol] θ0 [°]

C*, P*, Q* C*, P*, Q* C*, P*, Q* 2.9876 180
WM W WP 0.5019 0
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B Lipid monolayer terminal bead comparison
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Figure 1 Water droplet contact angles on hair surfaces of various degrees of damage and C1 and C2 monolayer terminal beads
with the original polarisable water model.2 Contact angles are shown against the number damage ratio χN instead of the surface
damage ratio χS to provide alignment of data points in the x position of the graph for better readability. Uncertainty bars are
also omitted for improved readibility.

As expected, the surface became progressively less hydrophobic when transitioning from a C1 (alkyl) to a C2 (thioester)
terminal bead. The trends found in this evaluation are comparable with the observations of water droplet wetting on
an FCC surface.3 The fully-functionalised system with the C2 terminal bead was found to yield the best agreement with
experimental data for water on virgin hair than the C2 terminal bead.4 For the slightly damaged surfaces, the systems with
the C2 terminal bead become more hydrophobic than the corresponding surfaces with a C1 bead, despite the stronger LJ
interactions between these beads and the water beads. This is because the stronger LJ interactions cause more agglomera-
tion of the chains and thus less of the hydrophilic sulfonate surface is exposed. Moreover, C2 bead leads to underestimation
of the contact angle for non-polar fluids, such as n-hexadecane, on hair (see main text). Therefore, the C1 terminal bead
is selected for the final model version.
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C CG water model comparison
Several coarse-grained water models were assessed by means of the surface tension at the water-vapor and water-
hexadecane interface. Note that the surface tension at the hexadecane-vapour interface (24 mN/m) is the same for
all of the MART INI-based water models and is in good agreement with experiment (27 mN/m).5 A slab configuration
(Lx = 5.57 nm, Ly = 5.57 nm, Lz = 33.1 nm) with a central water layer of initial thickness dz = 14.3 nm was used for this
purpose. This is sufficiently large in the x and y directions (11 × 11 σ2) to prevent finite-size effects.6 The results are
shown below in Table 1 with reference values from the original papers where available. Long-range electrostatics were
applied in the same manner as described in the Methodology section.

Table 1 Surface tension for water-vapor and water-hexadecane interfaces for different CG water models and reference experi-
mental and simulation values

Experiment Orig. polarisable2 refPol7 BMW-MARTINI8 Ref. BMW-MARTINI5

γWat−Vap [mN/m] n/a 31 17 78 77
γWat−Vap(Ref) [mN/m] 729 312 n/a 795 795

γWat−Hex [mN/m] n/a 40 34 96 65
γWat−Hex(Ref) [mN/m] 5410 4311 n/a 935 695

Surface tension values reported in the reference publications differ slightly from our results in several instances. This is
expected to be a result of differences in integration timesteps and the choice of cut-off length and/or long range solver used
for the LJ potential and electrostatic interactions. Preliminary simulations showed a high sensitivity to the cut-off length
in particular. Even at reasonably long rc, both BMW-MARTINI models5,8 suffered from freezing artefacts when departing
from the bulk configuration towards a nanoscale droplet configuration. The refPol model provides improvements over the
original polarisable model, such as better agreement of mass density and dielectric constant with respect to experimental
values.7 However, the water-vapor surface tension was not evaluated in the original publication and turns out to provide
poor agreement compared to all the other models and the experimental reference. For that reason, we fall back to the
original polarisable MART INI model for water in our further analyses.2

It is to be stressed that the choice of integration timestep in LAMMPS is of utmost importance for producing valid
results with the polarisable water models. For example, energy conservation in the NVE ensemble was not achieved for
trial runs with the BMW-MARTINI model at timesteps of 10 and 20 fs. The timestep is therefore limited to 5 fs in LAMMPS,
contrary to common simulation procedures for other codes such as Gromacs12 as described in previous publications.8

The vast majority of available bottom-up CG water models have been designed to reproduce a set of specific validation
parameters, but tend to lack generality which can ultimately limit their application to specific purposes deviating from
design configurations. Droplet wetting has not been considered in the parametrisation of any of the water models above.
Future CG water modeling efforts in the MART INI framework should focus on an integrated approach, considering several
optimization parameters including the surface tension and wetting behavior of nanoscale systems. The recently published
MARTINI 3 force field13 is a promising framework for integration of a suitable polarisable water model.
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D Droplet size effects
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Figure 2 Water droplet contact angle as a function of actual droplet volume and damage ratio χN . Contact angle fits using a
modified Cassie-Baxter relationship for fuzzy interfaces 14 (mSL

i = 0.5427, mSL
j = 0.6725) are shown by solid lines.

A modified Cassie-Baxter relationship for fuzzy interfaces is used to perform a volume-based fit to the contact angle simu-
lation data:14

cosθ = χScosθi,ref

(
V

Vref

)mSL
i −

2
3
+(1−χS)θj,ref

(
V

Vref

)mSL
j −

2
3

(1)

The fitting coefficients are mSL
i and mSL

j for a specified reference volume Vref (here, volume of droplet with initial water
unit count of N = 18,121) and reference contact angles (nominal fully-functionalized and fully damaged monolayer).
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E Projected surface coverage
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F Contact angle fits
F.1 n-hexadecane

Figure 4 Circular surface fits of a n-hexadecane droplets on the a) fully-functionalised (χN = 0) and partially damaged (b)
χN = 0.85 and fully damaged c) χN = 1) monolayers from the CG-MD simulations. Four temporal bin fits for the droplet surface
(solid circles) are shown. Averaged contact angles are indicated by bold red lines. The surface-normal position for the contact
angle measurement is shown (dashed red line). Individual surface density fits in the radial direction are omitted for the sake of
clarity.

F.2 Water (AA)

Figure 5 Circular surface fits of a water droplets on monolayers with a grafting distance of (a) dgraft = 0.49 nm and (b)
dgraft = 0.65 nm from the AA-MD simulations. Four temporal bin fits for the droplet surface (solid circles) are shown. Averaged
contact angles (solely from the shown four temporal bins) are indicated by bold red lines. The surface-normal position for the
contact angle measurement is shown (dashed red line). Individual surface density fits in the radial direction are omitted for the
sake of clarity.
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G Wetting data

Table 2 Fully-functionalised monolayer structure and wetting data for all-atomistic (AA), coarse-grained (CG) MD cases and
comparison to reference AA-MD data15 for 18-MEA.

Property Unit dgraft [nm] Cheong et al.15 AA-MD CG-MD CG-MD
18-MEA 18-MEA EA Cys-18-MEA

Monolayer thickness [nm] 0.49 2.64 2.59 2.78 2.63
0.65 2.01 2.03 2.19 1.53

Monolayer tilt angle [°] 0.49 5.0 7.7 6.0 1.7
0.65 50 45 33 45

Water penetration depth [nm] 0.49 n/a 0.29 n/a 0.20
0.65 n/a 1.29 n/a 0.85

Contact angle (water) [°] 0.49 n/a 114 n/a 116
0.65 n/a 116 n/a 120

Table 3 Contact angle data from CG-MD for the C1 type terminal lipid beads at various degrees of random lipid damage -
data for Fig. 6 in the main text.

Water n-hexadecane
χN χS θ [°] χS θ [°]
0.00 0.00 120 0.00 28
0.25 0.20 102 0.16 32
0.50 0.43 83 0.35 33
0.75 0.68 65 0.62 43
0.85 0.79 50 0.75 53
0.92 0.88 36 0.86 65
1.00 1.00 0 1.00 89
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H Wetting fluid penetration
H.1 Water
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Figure 6 Coarse-grained monolayer and water density profiles along the surface-normal direction at different damage ratios χN .
Water densities are re-scaled by the droplet area at the contact interface.
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H.2 n-hexadecane
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Figure 7 Coarse-grained monolayer and n-hexadecane density profiles along the surface-normal direction at different damage
ratios χN. n-hexadecane densities are re-scaled by the droplet area at the contact interface.
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H.3 CG-MD/AA-MD comparison
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Figure 8 AA-MD and CG-MD water (green) and monolayer (blue) density profiles along the surface-normal direction for fully
functionalised monolayers (χN = 0) at grafting distances of dgraft = 0.49 nm (top) and dgraft = 0.65 nm (bottom). Water densities
are re-scaled by the droplet area at the contact interface.
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I Contact angle experimental comparison

Figure 9 Water (blue) and n-hexadecane (green) droplet contact angles as a function of number damage ratio χN compared
to dynamic contact angle measurements for a) virgin hair and b) medium bleached hair. For the simulations, the points are
mean values and the vertical bars show the minimum and maximum values observed across the temporal binning of the different
position and seed trials. Coloured solid lines are guides for the eye. Average experimental values are shown by horizontal dashed
lines and the coloured regions represent the uncertainty limits. Good agreement between simulations and experiments is found
when χN = 0.25 for virgin hair and χN = 0.85 for medium bleached hair, as indicated by vertical dashed lines in a) and b),
respectively.
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