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S1 Nanodiamond FF Parameter Generation

For our structural model, we used the octahedral C84 nanodia-
mond, which exposes the {111} plane.1 This nanoparticle was
cleaved from the experimentally-determined structural model
of bulk crystalline diamond. There were 64 surface carbon
atoms in this nanoparticle, all of which were terminated with
hydrogen atoms, generating a nanodiamond with composition
C84H64.

The structure of this nanoparticle was optimised using a
self-consistent charge density-functional tight-binding (SCC-
DFTB) approach,2 using the carbon-carbon, carbon-hydrogen
and hydrogen-hydrogen Slater-Koster files,2 The DFTB+
software package3 was employed for these geometry optimi-
sation calculations. The resulting relaxed nanoparticle struc-
ture was used as a basis for subsequent single-point energy
(SPE) density-functional theory (DFT) calculations conducted
using the B3LYP exchange-correlation functional4,5 with 6-
31G* basis sets, with the GAUSSIAN09 software package6.
The resulting electronic density was analysed using a natural
bond orbital (NBO) analysis,7 to define partial atomic charges
that were subsequently assigned to each atomic site in the
nanoparticle.

To construct the force-field for the hydrogenated nanodia-
mond, we used these partial atomic charges, along with ex-
isting Lennard-Jones parameters for tetrahedrally-coordinated
carbon, and alkane hydrogen, taken from the CHARMM36
force-field.8 All bonded parameters (bond-stretching, etc)
were similarly taken from the CHARMM36 force-field.
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Table S1 Summary of the different of the systems simulated

Name Temp. / K Bilayer No. of ND/Charge on ND No. of SDBS Number of runs
A4q1 300 Yes 4 / 1 20 1
A4q2 300 Yes 4 / 2 20 1
A4q4 300 Yes 4 / 4 20 3
B4q0 350 Yes 4 / 0 20 2
B4q1 350 Yes 4 / 1 20 2
B4q2 350 Yes 4 / 2 20 1
C4q2 300 Yes 4 / 2 20 1
C8q2 300 Yes 8 / 2 20 1
C4q4 300 Yes 4 / 4 20 3
C8q4 300 Yes 8 / 4 20 1
D4q0 350 Yes 4 / 0 20 1
D4q1 350 Yes 4 / 1 20 1
D4q2 350 Yes 4 / 2 20 1
D4q4 350 Yes 4 / 4 20 3
D8q4 350 Yes 8 / 4 20 1
F4q1 350 Yes 4 / 1 16 2
F4q2 350 Yes 4 / 2 16 2
F4q4 350 Yes 4 / 4 16 1
G4q0 350 Yes 4 / 0 24 1
G4q1 350 Yes 4 / 1 24 2
G4q2 350 Yes 4 / 2 24 1
G4q4 350 Yes 4 / 4 24 1
S4q0 300 No 4 / 0 20 1
S4q1 300 No 4 / 1 20 1
S4q2 300 No 4 / 2 20 1
S4q4 300 No 4 / 4 20 1
T4q0 350 No 4 / 0 20 1
T4q1 350 No 4 / 1 20 1
T4q2 350 No 4 / 2 20 1
T4q4 350 No 4 / 4 20 1
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Fig. S1 The chemical structure of (a) tristearin (TS) and (b) sodium dodecylbenzene sulphonate (SDBS). The sn-1, sn-2 and sn-3 acyl tails of
TS are marked. The C1, C9 and C18 positions in the acyl tail of TS and the C1 and C12 positions of the acyl tail of SDBS are also labelled.
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Fig. S2 Average order parameter of the acyl tails of TS molecules at 350 K for (a) Set A and (b) Set B systems.
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Fig. S3 Lateral area of bilayer as a function of time/temperature for the heating simulations of Set B systems. The dashed lines indicate the
phase transition temperature of the different runs. The shaded area indicates the temperature range for TS bilayer in the absence of NDs.
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Fig. S4 Radial distribution functions of the centre of mass of molecules (a) ND-ND, (b) ND-water, (c) ND-SDBS head and (d) ND-SDBS tail.
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Fig. S5 Representative snapshots taken from simulations (a) D4q0-1, (b) D4q1-1, (c) D4q4-3 and (d) D8q4-1.

S8 | S1–S15



0

200

400

600

800

1000

1200

1400

D
en

si
ty

 / 
kg

 m
3

Tristearin
SDBS

ND
Water

0

200

400

600

800

1000

1200

1400

6 4 2 0 2 4 6

D
en

si
ty

 / 
kg

 m
3

Z / nm

Tristearin
SDBS

ND
Water

6 4 2 0 2 4 6
Z / nm

Tristearin
SDBS

ND
Water

(a) (b)

(c) (d)

Tristearin
SDBS

ND
Water

Fig. S6 Density profile of the TS bilayers from set D: (a) Run D4q0-1, (b) D4q1-1, (c) D4q4-3 and (d) D8q4-1.

S1–S15 | S9



(a) (b)

20

24

28

32

36

0 50 100 150 200

350 355 360 365 370

A
re

a 
/ n

m
2

Time / ns

Thermostat temperature / K

D4q4-1
D4q4-2

Fig. S7 (a) The area of the bilayer as a function of time/temperature during the D4q4 heating simulations. The vertical dashed lines indicate
the transition temperature of each run. The shaded indicates the temperature range for phase transition of pure TS bilayers in the absence of
NDs and SDBS. (b) a snapshot of taken from D4q4-1 at 125 ns, showing the phase transition that has occurred in the lower leaflet of the bilayer
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Fig. S8 Density profile of the TS bilayers from set F (a) and (b) and set G (c) to (f): (a) F4q1-1, (b) F4q2-1, (c) G4q0-1, (d) G4q1-1, (e) G4q2-1
and (f) G4q4-1.
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Fig. S9 Representative snapshots taken from simulations (a) F4q1-1, (b) F4q2-1, (c) G4q0-1 and (d) G4q4-1
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Fig. S10 Average order parameter of the acyl tails of TS molecules at 350 K in mixed TS-SDBS bilayers containing (a) 16 (Set F) and (b) 24
SDBS (Set G) molecules
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Fig. S11 The area of the bilayer as a function of time/temperature for (a) F4q1-1 and F4q1-2 and (b) G4q0-1 and G4q2-1 heating simulations.
The vertical dashed lines indicate the transition temperature of each run. The shaded indicates the temperature range for the phase transition of
for phase transition of mixed TS:SDBS bilayers, ratio 3:1, in the absence of NDs.
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