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51 SIMULATION PARAMETERS FOR ORGANIC-SEMICONDUCTOR-LIKE OBLATE ELLIPSOIDS

S1 Simulation parameters for organic-semiconductor-like oblate ellipsoids

All simulations used the LAMMPS! implementation of the Gay-Berne (GB) potential,> which is a generali-
sation of the original uniaxial GB potential® to dissimilar biaxial ellipsoidal particles.* In this potential, the
anisotropy of the shape of a particle i is defined in terms of the particle’s principal diameters, oy;, 0y,;, and
0., by the diagonal shape matrix, S; = diag(c,;,0p;, 0¢;) /2, while the anisotropy of its interactions is defined
in terms of the relative well depths, €,;, €p;, and €.;, along the corresponding axes by the diagonal interaction
matrix, E; = diag(e,;, €pi,€.i). For the uniaxial oblate ellipsoidal particles studied in this work, 0,; = 0¢; = 05,
Obi = OF, €ai = €¢j = €5, and €},; = e, where the subscripts "S" and "F" indicate diameters or well depths in the
side-side and face—face directions, respectively.

The interaction potential between two particles, i and j, is
ucs (rij, Ai, Aj) = ux (1ij, Ai, Aj) 11 (Ai, Aj) x (rij, Ai  A)), (81)

where r;; = r; — r; is the vector between the particle centres at positions r; and r;, respectively, and A; and A;
are rotation matrices transforming the orientations of the two particles from the lab frame to the body frame.
The first factor, u, in eqn (S1) controls the distance dependence of the interaction and takes the form of a
shifted Lennard-Jones (L]) potential,

12 6
o [
Uy (ri]',A,',Aj) =4e <h1] T (T) — (hlj T U) , (SZ)

where 0 and € define the length and energy scales of the potential, respectively, and /;; is the distance of closest

approach of the particles, approximated as®
1,1 1 -1/2
hij (1ij, Ai, Aj) = 1ij — (z?i]’Gi; ?ij) , (S3)

where rj; = |r;;

, #ij=1ij/7ij, and

Gij=A[STA;+ A[S?A;. (S4)
The other two factors, 77 and x, in eqn (S1) control the position and orientation dependence of the interaction
strength, and are given by

_ v/2

ALA) = | 29 (55)
17( v det (G”)

and "
X (rij,Ai,A]') = (2?5B;1?1]> , (S6)

where o
;= (Uaitfbi + Ué) (Gaini) ', (S7)
By =AJE /"A;+ AJE "4, (S8)

and v and u are parameters that tune the shape of the potential.

The anisotropy of the GB potential for uniaxial particles can be fully described in terms of two parameters:
the shape anisotropy parameter x = 0y /0s and the interaction anisotropy parameter k' = €g/eg. Parameters
used to simulate a range of values of x and «’ typical of common organic semiconductors (OSCs) are given in
Tables S1 and S2, respectively. The parameter range studied is reasonably representative of OSC systems for
an energy scale of € = 1 kcal/mol and length scale of o = 3.2 A (bulk density approx 1.1gcem 3 at 560 K and
latm for x = 0.36, ¥’ = 0.19, which is representative of perylene). For all simulations the values of v and u
previously used to model typical OSCs with the biaxial GB potential were used (v = 1 and y = 2).4
Particle masses were chosen to maintain the same mass density of a single particle with volume mé%aF
the previously published biaxial GB perylene model with volume "¢*%E and mass 252.3 gmol !, where the
additional diameter (i = E) corresponds to the third unique principal diameter unique of the biaxial particle
(end-end). Table S3 shows the variation of this density for the various published biaxial molecules,* and shows
that, although there is some variability in this parameter across different molecules, for this wide variety of

as

molecules it is relatively constant at between 1.4 and 1.7 gmol ! A

OPLS-AA L] parameters for aromatic carbon® or silicon” were used to model the solid substrate, with particles

placed in the typical arrangements for these surfaces. Substrate particles were treated with the GB potential,
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51 SIMULATION PARAMETERS FOR ORGANIC-SEMICONDUCTOR-LIKE OBLATE ELLIPSOIDS

with the elements of the shape matrix and interaction matrix all set to the same value (0,; = 03; = 0, = 071y,
€, = €p; = € = €1j/€). Fluid—substrate interactions were then calculated using the mixing rules defined by
eqns (S3)-(S8). For substrate—fluid interactions, o in eqn S2 was replaced by (o + 01) /2. Substrate parameters
are summarised in Table S4.

Table S1 Shape anisotropy parameter k¥ = oy /05 given values of the principal diameter in the face—face (o)
and side—side (og) directions used in the simulations. The size z,, of the box in the z-dimension required to
constrain the overall volume fraction to the target value of ¢,y is also given.

Kk Oop/0 05/0 QPav zZw/CO

0.28 115.63
030 103 343 039 84.06
049 6594
028  85.00
035 103 294 039 61.88
049 4844
0.28  65.00
040 103 256 039 47.19
049 37.19
028 51.25
045 103 229 039 3750
049  29.38
028  41.56
050 103 206 039 3031
049  23.80

Table S2 Interaction anisotropy parameter k¥ = eg/ e given values of the well depth in the face—face (eg) and
side—side (eg) orientations.

K €

015 6.67
0.20 5.00
025 4.00
0.30 3.33
0.50 2.00
070 1.43
120 1.67

N === = = =D

Table S3 Mass density of various oblate ellipsoidal molecules, given their molecular weight (MW) and principal
diameters o; from published biaxial GB models.*

compound MW (g/mol) 0s Of og density (g/mol/ A3)
porphine 31035 114 32 114 141
benzene 7811 63 31 65 1.17
perylene 25230 82 33 104 1.69
pyrene 20225 81 32 105 1.40
benzoquinone 10810 6.0 32 74 1.44
naphthalene 12817 65 33 82 1.37
anthraquinone 208.00 72 32 105 1.58
tetrazine 8206 53 39 69 1.14
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51 SIMULATION PARAMETERS FOR ORGANIC-SEMICONDUCTOR-LIKE OBLATE ELLIPSOIDS

Table S4 LJ parameters for substrate particles from the OPLS-AA force field. Particles were treated as GB
particles with 0,; = 03; = 0,; = 015, and €,; = €,; = €.; = €15/ €. The substrate labelled "strong" is an artifically
strongly interacting substrate with the same structure as graphene and twice the value of €.

€sub/€  OTsub/0  €15/€  o15/0

graphene 1 1.11 004 111
silicon 1 1.25 0.06 1.25
"strong" 1 1.11 0.08 1.11

54



52 LIST OF SIMULATED SYSTEMS

S2 List of simulated systems

The tables below list all the systems simulated in this work, as well as their key results. Table S5 lists the purely
repulsive systems, and Table S6 the systems with both attractive and repulsive interactions. In both cases, a
number of systems were not isotropic in the bulk and were not included in the plots in the main text. Due to the
lower mobility of the particles in these anisotropic-bulk systems, simulation configurations in these systems
were not necessarily sampled from the equilibrium distribution for the molecular dynamics (MD) simulation
protocol used in this work.

S2.1 Purely repulsive systems

Table S5 Complete list of the purely repulsive systems studied in this work. Items highlighted in red were
anisotropic in the bulk and are not included in the plots in the main text. T* = kgT /¢ is the reduced temper-
ature, ¢,y is the overall volume fraction to which the system was constrained by the position of the harmonic
wall (i.e. the average fluid volume fraction between z = o, /2, the surface of the solid substrate, and z,,, the
position of the harmonic wall), and ¢ is the volume fraction of particles in the bulk fluid (calculated based on the
number of GB particles with centers-of-mass within 305 of the center of the system). The orientational order
parameter at the solid (sg1,) and vapour (svap) interfaces, and the corresponding orientations (F = face-on, S =
side-on) are given in the final four columns. The systems that gave the much less common side-on orientation
at the solid substrate are highlighted in bold.

substrate type  T* K x’ Pav ¢ Ssub  Orientg,p Svap  orientyap
silicon 0.62 030 020 0.18 0.19 0.17 F —0.06 S
silicon 0.62 030 020 028 029 0.37 F —0.26 S
silicon 0.62 030 020 0.39 0.39 0.71 F —0.42 S
silicon 0.62 030 0.20 046 046 —045 S —0.46 S
silicon 0.62 035 020 0.18 0.18 0.13 F —0.06 S
silicon 0.62 035 020 028 029 0.23 F —-0.21 S
silicon 0.62 035 0.20 0.39 0.39 0.61 F —0.39 S
silicon 0.62 0.35 020 046 047 0.81 F —0.45 S
silicon 0.62 040 0.20 0.18 0.18 0.10 F —0.05 S
silicon 0.62 040 020 028 0.29 0.16 F —-0.17 S
silicon 0.62 040 020 039 0.39 0.37 F —0.35 S
silicon 0.62 040 0.20 046 0.46 0.65 F —0.44 S
silicon 0.62 045 020 0.18 0.18 0.07 F —0.04 S
silicon 0.62 045 020 028 029 0.10 F —0.14 S
silicon 0.62 045 020 039 0.39 0.19 F —0.32 S
silicon 0.62 045 0.20 046 0.46 0.41 F —0.41 S
silicon 0.62 050 020 0.18 0.18 0.06 F —0.04 S
silicon 0.62 050 020 028 029 0.07 F —0.13 S
silicon 0.62 050 020 039 0.39 0.10 F —0.28 S
silicon 0.62 050 020 046 046 0.12 F —0.38 S
silicon 0.84 030 020 0.18 0.18 0.15 F —0.05 S
silicon 0.84 030 020 028 029 0.35 F —0.24 S
silicon 0.84 030 0.20 0.39 0.39 0.67 F —0.40 S
silicon 0.84 030 0.20 046 0.46 0.63 F —0.45 S
silicon 0.84 035 020 0.18 0.18 0.13 F —0.07 S
silicon 0.84 035 0.20 028 0.29 0.24 F —0.20 S
silicon 0.84 035 020 039 0.39 0.56 F —0.38 S
silicon 0.84 035 020 046 046 0.66 F —0.44 S

Continued on next page
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52 LIST OF SIMULATED SYSTEMS

substrate type  T* K K Pav ¢ Seup  Orientg,p Svap  Orientyap

silicon 0.84 040 020 0.18 0.18 0.09 F —0.06 S

silicon 0.84 040 020 028 0.29 0.15 F —0.16 S

silicon 0.84 040 020 0.39 0.39 0.33 F —0.34 S

silicon 0.84 040 020 046 0.46 0.64 F —0.42 S

silicon 0.84 045 020 0.18 0.18 0.07 F —0.05 S

silicon 0.84 045 020 028 0.29 0.11 F —0.13 S

silicon 0.84 045 020 039 0.39 0.19 F —0.30 S

silicon 0.84 045 020 046 0.46 0.36 F —0.39 S

silicon 0.84 050 020 0.18 0.18 0.05 F —0.04 S

silicon 0.84 050 020 028 0.29 0.07 F -0.12 S

silicon 0.84 050 020 0.39 0.39 0.11 F —-0.27 S

silicon 0.84 050 020 046 0.46 0.16 F —0.36 S
graphene 0.62 030 020 0.18 0.18 0.18 F —0.09 S
graphene 0.62 030 020 0.28 0.28 0.40 F —0.25 S
graphene 0.62 030 020 032 032 0.51 F —0.32 S
graphene 0.62 030 020 035 0.35 0.67 F -0.37 S
graphene 0.62 030 020 0.39 0.39 0.75 F —0.41 S
graphene 0.62 030 020 042 042 0.83 F —0.43 S
graphene 0.62 030 020 046 045 0.75 F —0.45 S
graphene 0.62 0.30 020 049 0.50 0.12 F —0.47 S
graphene 0.62 035 020 0.18 0.18 0.14 F —0.07 S
graphene 0.62 035 020 028 0.28 0.28 F —0.20 S
graphene 0.62 035 020 032 032 0.36 F —0.26 S
graphene 0.62 035 020 035 0.35 0.46 F -0.32 S
graphene 0.62 035 020 0.39 0.38 0.61 F —0.38 S
graphene 0.62 035 020 042 042 0.73 F —0.42 S
graphene 0.62 035 020 046 0.46 0.67 F —0.45 S
graphene 0.62 035 020 049 048 —040 S —0.46 S
graphene 0.62 040 020 0.18 0.18 0.12 F —0.06 S
graphene 0.62 040 020 0.28 0.28 0.20 F -0.17 S
graphene 0.62 040 020 032 032 0.25 F -0.22 S
graphene 0.62 040 020 035 0.35 0.32 F —0.29 S
graphene 0.62 040 020 0.39 0.38 0.41 F —0.34 S
graphene 0.62 040 020 042 042 0.56 F —0.39 S
graphene 0.62 040 020 046 045 0.69 F —0.43 S
graphene 0.62 040 020 049 049 -0.37 S —0.45 S
graphene 0.62 045 020 0.18 0.18 0.09 F —0.05 S
graphene 0.62 045 020 0.28 0.28 0.15 F —-0.14 S
graphene 062 045 020 032 032 0.18 F -0.19 S
graphene 0.62 045 020 035 0.35 0.22 F —0.25 S
graphene 0.62 045 020 0.39 0.39 0.29 F —0.31 S
graphene 0.62 045 020 042 042 0.37 F —0.36 S
graphene 0.62 045 020 046 045 0.51 F —0.40 S
graphene 0.62 045 020 049 047 0.67 F —0.45 S
graphene 0.62 050 020 0.18 0.18 0.07 F —0.04 S

Continued on next page
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52.1 Purely repulsive systems 52 LIST OF SIMULATED SYSTEMS

substrate type  T* 3 k' Pav ¢ Seub  OTientgp Svap  Orientyap

graphene 0.62 050 020 028 0.28 0.10 F —0.12 S
graphene 062 050 020 032 032 0.12 F -0.17
graphene 0.62 050 020 035 0.35 0.15 F —-0.22
graphene 0.62 050 0.20 0.39 0.39 0.19 F —0.26
graphene 0.62 050 020 042 042 0.25 F —0.32
graphene 0.62 050 020 046 045 0.33 F -0.37
graphene 0.62 050 020 049 049 0.49 F —0.42

»n »n n nn n n
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52.2 Attractive-repulsive systems 52 LIST OF SIMULATED SYSTEMS

$2.2 Attractive-repulsive systems

Table S6 Complete list of the attractive systems studied in this work. ltems highlighted in red were anisotropic
in the bulk and are not included in the plots in the main text. T* = kgT /€ is the reduced temperature, ¢ay is
the overall volume fraction to which the system was constrained by the position of the harmonic wall (i.e. the
average fluid volume fraction between z = oy, /2, the surface of the solid substrate, and zy, the position of
the harmonic wall), and ¢ is the volume fraction of particles in the bulk fluid (calculated based on the number
of GB particles with centers-of-mass within 43¢5 of the center of the system). P* = P/(e/c°) is the reduced
pressure, measured as the normal force per unit area acting on the solid substrate. The orientational order
parameter at the solid (s},) and vapour (svap) interfaces, and the corresponding orientations (F = face-on, S =
side-on) are given in the final four columns. The systems that gave the much less common side-on orientation
at the solid substrate are highlighted in bold.

substrate type  T* K x' Pav ¢ p* Seub  Orientgy, Svap ~ OTientyap
graphene 056 040 0.15 039 0.53 —3.18 0.07 F —0.29 S
graphene 056 040 020 0.39 0.53 —9.35 0.32 F —0.00 S
graphene 056 040 025 039 044 0.65 0.16 F —0.00 S
graphene 056 040 030 039 043 —0.63 0.20 F 0.00 F
graphene 056 040 050 039 040 51.30 0.28 F 0.01 F
graphene 056 040 070 039 039 100.99 0.34 F 0.00 F
graphene 056 0.45 0.15 0.39 0.53 2.40 -0.30 S -0.13 S
graphene 0.56 0.45 0.20 0.39 0.54 4.54 -0.44 S —0.42 S
graphene 056 045 025 039 046 —3.85 0.10 F —0.01 S
graphene 056 045 030 039 045 2.01 0.14 F 0.01 F
graphene 056 045 050 039 041 16.24 0.20 F 0.02 F
graphene 056 045 070 0.39 040 61.66 0.24 F 0.02 F
graphene 056 050 015 039 0.54 —3.42 0.03 F 0.41 F
graphene 056 0.50 0.20 0.39 056 —-1.56 —0.45 S —0.42 S
graphene 056 050 025 039 048 -1.29 0.03 F —0.03 S
graphene 056 050 030 039 047 —5.46 0.08 F —0.00 S
graphene 056 050 050 039 043 —2.25 0.15 F 0.02 F
graphene 056 050 0.70 039 041 31.89 0.18 F 0.02 F
graphene 0.62 0.30 0.15 0.39 0.53 325 -0.31 S 0.87 F
graphene 0.62 030 020 0.39 0.55 10.91 0.79 F —0.14 S
graphene 0.62 030 025 039 0.36 30.77 0.85 F —0.05 S
graphene 062 030 030 039 039 99.24 0.47 F -0.11 S
graphene 0.62 0.35 0.15 0.39 051 —-483 -0.14 S —0.01 S
graphene 0.62 035 020 039 042 1.23 0.13 F —0.01 S
graphene 062 035 025 039 040 31.20 0.24 F —0.02 S
graphene 0.62 035 030 039 039 63.98 0.28 F —0.04 S
graphene 0.62 040 015 039 0.53 1.78 0.32 F 0.13 F
graphene 062 040 020 039 044 -1.95 0.05 F —0.03 S
graphene 062 040 025 039 042 9.10 0.13 F —0.00 S
graphene 0.62 040 030 039 041 25.53 0.18 F 0.01 F
graphene 0.62 0.45 0.15 039 053 —-9.52 -0.46 S 0.62 F
graphene 0.62 045 020 039 046 4.24 0.00 F —0.04 S
graphene 0.62 045 025 039 044 —1.49 0.09 F —0.01 S
graphene 062 045 030 039 043 0.83 0.12 F 0.00 F

Continued on next page
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substrate type  T* K i Pav ¢ pP* Seup  Orientg,p Svap ~ Orientyap
graphene 0.62 050 0.15 0.39 0.55 —3.38 0.60 F 0.56 F
graphene 0.62 050 0.20 0.39 047 -295 -0.05 S —0.05 S
graphene 0.62 050 025 039 046 —0.36 0.04 F —0.01 S
graphene 062 050 030 039 045 —2.67 0.07 F —0.00 S
graphene 0.73 0.30 0.15 0.39 0.48 6.45 —0.25 S 0.16 F
graphene 073 030 020 0.39 0.37 51.20 0.21 F —0.09 S
graphene 073 030 025 039 038 140.89 0.51 F —0.18 S
graphene 073 030 030 039 039 160.90 0.45 F —0.17 S
graphene 073 030 120 039 0.51 10.81 0.86 F 0.55 F
graphene 073 035 0.15 039 0.0 1.55 0.03 F 0.28 F
graphene 073 035 020 039 039 72.54 0.19 F —0.12 S
graphene 073 035 025 039 039 120.80 0.28 F —0.11 S
graphene 073 035 030 039 039 15256 0.31 F —0.11 S
graphene 073 035 120 039 049 —1.10 0.83 F 0.42 F
graphene 0.73 0.40 0.15 0.39 0.52 0.09 -0.05 S 0.40 F
graphene 073 040 020 039 040 48.12 0.09 F —0.03 S
graphene 073 040 025 039 040 85.89 0.16 F —0.04 S
graphene 073 040 030 039 039 12430 0.20 F —0.05 S
graphene 073 040 120 0.39 044 —8.62 0.66 F 0.14 F
graphene 0.73 0.45 0.15 0.39 0.53 10.94 —0.46 S -0.13 S
graphene 073 045 020 039 042 1.03 0.03 F —0.02 S
graphene 073 045 025 039 041 24.60 0.09 F —0.01 S
graphene 073 045 030 039 040 66.25 0.12 F —0.02 S
graphene 073 045 120 039 045 —0.60 0.46 F 0.12 F
graphene 0.73 0.50 0.15 0.39 054 -220 -0.45 S —0.34 S
graphene 0.73 0.50 0.20 0.39 0.44 0.58 —0.01 S —0.03 S
graphene 073 050 025 039 043 6.87 0.04 F —0.01 S
graphene 073 050 030 039 041 28.52 0.07 F —0.00 S
graphene 073 050 120 039 047 7.47 0.36 F 0.10 F
graphene 084 030 015 039 049 32.68 0.10 F —0.00 S
graphene 084 030 020 039 039 179.11 0.44 F —0.23 S
graphene 0.84 030 025 039 039 22226 0.47 F —0.24 S
graphene 0.84 030 030 039 039 26833 0.50 F —0.23 S
graphene 0.84 035 0.15 039 041 35.60 0.07 F —0.03 S
graphene 084 035 020 039 039 186.33 0.25 F —0.16 S
graphene 084 035 025 039 039 23039 0.30 F —0.15 S
graphene 0.84 035 030 039 039 265.63 0.33 F —0.15 S
graphene 0.84 0.40 0.15 0.39 0.40 67.48 —0.01 S -0.10 S
graphene 0.84 040 020 039 040 14452 0.13 F —0.09 S
graphene 084 040 025 039 039 21195 0.19 F —0.09 S
graphene 0.84 040 030 039 039 24484 0.22 F —0.09 S
graphene 0.84 0.45 0.15 0.39 041 24.87 —0.05 S —0.05 S
graphene 084 045 020 039 040 85.53 0.06 F —0.05 S
graphene 0.84 045 025 039 040 145.06 0.11 F —0.05 S

Continued on next page
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substrate type = T* x i Pav ¢ P* Seub  Orientgp Svap  Orientyap
graphene 0.84 045 030 039 0.39 185.75 0.14 F —0.06 S
graphene 0.84 050 0.15 0.39 0.43 5.58 —0.09 S —0.05 S
graphene 084 050 020 039 041 54.45 0.01 F —0.02 S
graphene 0.84 050 025 039 041 102.42 0.06 F —0.03 S
graphene 084 050 030 0.39 040 171.51 0.08 F —0.03 S
silicon 056 040 0.15 039 0.52 0.55 0.13 F 0.00 F
silicon 056 040 020 039 0.53 0.49 0.75 F 0.14 F
silicon 056 040 025 039 044 3.06 0.01 F —0.01 S
silicon 056 040 030 039 043 7.25 0.03 F 0.01 F
silicon 056 040 050 0.39 041 76.82 0.12 F 0.00 F
silicon 056 040 070 039 040 135.44 0.19 F 0.00 F
silicon 056 045 0.15 039 0.53 0.20 0.27 F —0.08 S
silicon 056 0.45 0.20 0.39 048 -0.16 -0.08 S —-0.07 S
silicon 0.56 0.45 0.25 0.39 0.46 2.08 -0.01 S —0.02 S
silicon 056 045 030 039 045 —0.51 0.02 F 0.00 F
silicon 056 045 050 039 042 38.87 0.07 F 0.02 F
silicon 056 045 0.70 0.39 041 102.01 0.12 F 0.02 F
silicon 056 050 0.15 039 054 0.36 0.53 F 0.14 F
silicon 056 050 0.20 0.39 049 -156 -0.11 S —0.08 S
silicon 056 050 0.25 0.39 048 -2.59 -0.03 S —0.03 S
silicon 056 050 030 039 047 0.54 0.00 F —0.00 S
silicon 056 050 050 039 044 16.57 0.04 F 0.02 F
silicon 056 050 070 039 042 71.13 0.07 F 0.01 F
silicon 0.62 030 0.15 0.39 0.1 0.92 0.04 F 0.05 F
silicon 0.62 0.30 0.20 0.39 0.52 232 -0.13 S 0.34 F
silicon 0.62 030 025 039 0.37 46.17 0.11 F —0.06 S
silicon 0.62 030 030 039 040 105.42 0.36 F —0.15 S
silicon 0.62 035 0.15 039 0.51 —0.15 0.13 F —0.37 S
silicon 0.62 035 020 039 0.55 0.67 0.13 F 0.06 F
silicon 0.62 035 025 039 041 48.99 0.06 F —0.06 S
silicon 0.62 035 0.30 039 040 82.29 0.12 F —0.07 S
silicon 0.62 040 0.15 039 0.52 —0.53 0.21 F 0.38 F
silicon 0.62 0.40 0.20 0.39 0.44 426 -0.03 S —-0.03 S
silicon 0.62 040 025 039 042 20.01 0.02 F —0.01 S
silicon 0.62 040 030 039 041 44.82 0.05 F —0.01 S
silicon 0.62 045 0.15 039 0.53 1.33 0.33 F 0.12 F
silicon 0.62 0.45 0.20 0.39 0.46 —-0.60 -0.05 S —0.04 S
silicon 0.62 045 025 039 044 3.46 0.00 F —0.01 S
silicon 0.62 045 030 039 043 14.95 0.02 F 0.01 F
silicon 0.62 0.50 0.15 0.39 0.54 091 -0.13 S 0.66 F
silicon 0.62 050 0.20 0.39 0.47 2.32 —-0.08 S —0.06 S
silicon 0.62 0.50 0.25 0.39 0.46 1.50 -0.02 S —0.02 S
silicon 0.62 050 030 039 045 5.02 0.01 F —0.00 S
strong 073 030 015 039 0.56 3.96 0.37 F 0.20 F

Continued on next page
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52.2 Attractive-repulsive systems 52 LIST OF SIMULATED SYSTEMS

substrate type  T* K i Pav ¢ pP* Seup  Orientg,p Svap ~ Orientyap
strong 073 030 020 039 0.38 53.85 0.88 F —0.11 S
strong 073 030 025 039 038 13593 0.85 F —0.19 S
strong 073 030 030 039 039 175.05 0.53 F —0.19 S
strong 073 035 015 039 054 —0.16 0.83 F 0.45 F
strong 073 035 020 039 0.39 81.81 0.35 F —0.11 S
strong 073 035 025 039 039 11461 0.38 F —0.10 S
strong 073 035 030 039 039 15431 0.39 F —0.11 S
strong 073 040 015 039 051 —2.32 0.55 F —0.17 S
strong 073 040 020 039 040 30.86 0.23 F —0.02 S
strong 073 040 025 039 040 73.55 0.28 F —0.04 S
strong 073 040 030 039 039 11277 0.31 F —0.05 S
strong 0.73 0.45 0.15 039 055 —-131 -0.45 S —0.43 S
strong 073 045 020 039 042 5.02 0.15 F —-0.01 S
strong 073 045 025 039 041 24.41 0.19 F —0.01 S
strong 073 045 030 039 040 76.86 0.23 F —0.01 S
strong 0.73 0.50 0.15 0.39 0.55 6.90 —0.46 S —0.40 S
strong 073 050 020 039 044 6.84 0.07 F —0.02 S
strong 073 050 025 039 043 -1.09 0.13 F —0.01 S
strong 073 050 030 039 041 14.99 0.16 F —0.00 S
graphene 0.73 0.30 0.15 0.28 0.46 3.89 —0.22 S —0.24 S
graphene 073 030 020 028 031 24.03 0.20 F —0.00 S
graphene 073 030 025 028 0.30 35.74 0.27 F —0.03 S
graphene 073 030 030 0.28 0.30 51.85 0.30 F —0.03 S
graphene 0.73 035 0.15 0.28 043 -3.31 -0.03 S —0.26 S
graphene 073 035 020 028 033 12.28 0.12 F —0.00 S
graphene 073 035 025 0.28 0.30 24.35 0.16 F —0.00 S
graphene 073 035 030 028 029 27.60 0.20 F —0.00 S
graphene 073 040 0.15 028 042 415 0.13 F —0.10 S
graphene 073 040 020 028 0.39 5.24 0.08 F —0.00 S
graphene 073 040 025 0.28 036 4.72 0.11 F —0.00 S
graphene 073 040 030 0.28 0.32 15.13 0.13 F 0.00 F
graphene 073 045 015 028 037  —5.80 0.68 F 0.58 F
graphene 073 045 020 0.28 042 8.69 0.03 F —0.01 S
graphene 073 045 025 028 040 5.97 0.08 F —0.00 S
graphene 073 045 030 028 038 11.34 0.09 F —0.00 S
graphene 0.73 0.50 0.15 0.28 0.39 1.48 —0.09 S 0.69 F
graphene 0.73 0.50 0.20 0.28 0.44 -0.64 -0.01 S —0.02 S
graphene 073 050 025 028 042 3.46 0.04 F —0.01 S
graphene 073 050 030 028 041 0.10 0.07 F 0.00 F
graphene 0.73 0.30 0.15 0.49 050 62.01 -0.35 S —0.36 S
graphene 0.73 030 0.20 0.49 051 109.18 -0.07 S —0.36 S
graphene 073 030 025 049 048 181.89 0.15 F —0.32 S
graphene 073 030 030 049 052 26323 0.48 F —0.28 S
graphene 0.73 0.35 0.15 0.49 052 4338 —0.46 S —0.25 S

Continued on next page
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52.2 Attractive-repulsive systems 52 LIST OF SIMULATED SYSTEMS

substrate type  T* K i Pav ¢ pP* Seup  Orientg,p Svap ~ Orientyap
graphene 0.73 0.35 0.20 0.49 0.48 151.11 -—-0.42 S —-0.31 S
graphene 0.73 035 025 049 051 35030 0.36 F —0.24 S
graphene 0.73 035 030 049 053 454.14 0.50 F —0.27 S
graphene 0.73 0.40 0.15 0.49 0.52 30.11 -0.19 S —0.38 S
graphene 0.73 040 0.20 0.49 0.48 319.78 —-0.16 S —0.40 S
graphene 073 040 025 049 047 775.73 0.41 F —0.40 S
graphene 073 040 030 049 049 95270 0.57 F —0.34 S
graphene 0.73 0.45 0.15 0.49 0.55 2449 -0.14 S —-0.23 S
graphene 073 045 020 049 049 818.67 0.30 F —0.34 S
graphene 073 045 025 049 049  953.54 0.36 F —0.30 S
graphene 073 045 030 049 049 1053.37 0.39 F —0.28 S
graphene 0.73 050 0.15 0.49 0.52 6.56 —0.46 S —0.44 S
graphene 073 050 020 049 050 896.87 0.13 F —0.30 S
graphene 073 050 025 049 050 1073.39 0.23 F —-0.27 S
graphene 0.73 050 030 049 0.50 1155.16 0.27 F —-0.25 S
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S3 SUBSTRATE PARAMETERS AND EFFECT ON ALIGNMENT

S3 Substrate parameters and effect on alignment

Two different substrates structures were examined to determine the effect of interaction strength and substrate
features on alignment at the solid interface. Interaction parameters for the different substrates can be found
in section S1 Table S4. The arrangement of particles in the two substrates, shown in Fig. S1, was chosen to
mimic that of graphene (atom spacing from the OPLS-AA force field for the equilibrium bond length between
aromatic carbons6) and the fcc(001) plane of silicon’s crystal structure (spacing matching silicon’s lattice con-
stant)® for o = 3.2 A.

R KKK K
!‘Q‘!‘Q‘!‘Q‘Q’

(a) Graphene substrate. Hexagons highlight the positions (b) Silicon substrate. Dashed lines indicate the unit cell
of the aromatic rings. Distance between all connected car-
bon atoms is 0.44 ¢.

Fig. S1 Structures of the atomistic substrates used to model the solid substrate.

The dependence of the orientational ordering at the solid and vapour interfaces on the substrate is shown
below. At the solid interface, stronger substrate—fluid interactions push the points further left (towards a more
face-on orientation) on the phase diagram. The substrate has a negligible effect on the orientation at the vapour
interface, as expected. A slight dependence of the alignment at the solid interface on the substrate structure is
observed, with the less densely packed silicon substrate giving a slight shift towards the side-on orientation.
This can be explained by considering the non-uniform silicon surface as a surface that is slightly penetrable in
certain regions, so excluded volume entropic effects are expected to slightly enhance the side-on orientation
relative to the face-on for this substrate.

(a) (b)

1.00 z 1.00 7
] substrate ] substrate
expect : expect h expect ; expect h
0.75 face-on : side-on © graphene 0.751 face-on : side-on ¢ graphene
H e silicon ] e silicon
o e strong e strong
0.50 0.50 1 — fit
=] [=9
Z 0.251 S 0.251
©“ v
face-on face-on
000 e 4 000 -
side-on i side-on
—0.251 —0.25 1
L -1.50 L -0.50
= omanw : $ = e +0.00
—0.50 T T T T T —-0.50 T T T T
-10 -5 0 5 10 -10 -5 0 5 10
AU—-TAS (¢) AU-TAS (¢)

Fig. S2 Orientational order parameter at the (a) substrate and (b) vapour interfaces as a function of interfacial
free energy difference for different substrate types.
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54 DEPENDENCE OF ENTROPY ON SUBSTRATE AND TEMPERATURE

S4 Dependence of entropy on substrate and temperature

The calculations presented for the entropy difference between the face-on and the side-on alignment at the two
interfaces used data from simulations with two different substrates and at different temperatures. The depen-
dence of the entropy scaling on these two factors is shown below (Figs. S3, S4). In all cases, the entropy does
not significantly depend on the simulation conditions, though some variability with the substrate structure, as
discussed in the main paper, is observed.

(a) (b)

51 P ; 0
solid interface
ol ASp = 2.84kp ()26 -1
_2 4
—~ Tf —~ T“
§3‘ — fit §_3' — fit
] 0.62 g _41 0.62
ey ° 084 5 e 084
< < _g]
1 —6 .
vapour interface s °
0 =71 ASyap= —26.29kp(p/x'?)>5 1
0.4 0.6 0.8 1.0 1.2 0.3 0.4 0.5 0.6 0.7
¢/K ¢/K1/2

Fig. S3 Entropy difference between face-on and side-on orientations per interface particle at the (a) solid and
(b) vapour interfaces for different simulation temperatures.
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Fig. S4 Entropy difference between face-on and side-on orientations per interface particle at the (a) solid and
(b) vapour interfaces for different substrate types.
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S5 SELECTED DENSITY/ORDER PARAMETER PROFILES

S5 Selected density/order parameter profiles

The density and orientational order parameter profiles for selected systems is shown. The systems cho-
sen are those that displayed the greatest orientation preference at either interface, and one that is close to
isotropic.

0.6 1 0.2
= 0.4 =
S X 0.1 1
0.2 1 A/\
0.0 T o T j 0.0 ' ' o
1.0 1.0
R —— ool
& )
© 00 AVAV‘\' © 0.0 fulpevrsrrmosooseooseoore T oo
_o.5 I —— ——— & : 05 ‘
0 10 20 30 40 0 5 10 15 20 25 30
7lo 7lo

(a) Strongest side-on alignment at vapour interface, and  (b) Strongest side-on alignment at solid interface: silicon sub-
strongest face-on alignment at solid interface: graphene sub- strate, x = 0.5, ¥’ = 0.2, T* = 0.56, Pav = 039, ¢ = 0.49,
strate, x = 0.4, ¥’ = 0.3, T* = 0.73, ¢ay = 049, ¢ =049, P*=-15.

P* =953

0.3
S i
< 0.2

0.11 - X

0.0 o

1.0
0.0 +=pa W W

-0.5
0

5(2)

5 10 15 20 25 30 35
zlo

(c) System close to isotropic at both interfaces: graphene sub-
strate x = 0.45, ¥ = 0.2, T* = 0.62, ¢ay = 0.39, ¢ = 0.46,
P*=42.

Fig. S5 Density (o(z), top) and orientational order parameter (s(z), bottom) profiles for a selection of systems
showing the most extreme of the possible behaviours at each interface. Shaded regions indicate the z coor-
dinates of particles that were considered to be at the solid or vapour interface when calculating s, and syap.
In all cases, s(z) — 1 as z — 0 since only particles in the face-on orientation can have their centres-of-mass
within that distance of the substrate. Hence, the value of sg, is calculated as the average over all particles
within the shaded grey regions. Dotted (svap) and dashed (sqp,) lines indicate these interface values. The
particles in the solid substrate are centred at at z = 0.
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56 ORIENTATION DISTRIBUTIONS AT SOLID AND VAPOUR INTERFACES

S6 Orientation distributions at solid and vapour interfaces

The orientation distributions at the solid and vapour interfaces for a selection of the systems of purely repulsive
particles, used to calculate the entropic component of the free energy, are shown in Fig. S6. All distributions
below are for the graphene arrangement of substrate particles at T* = 0.62. 6 is the angle between the short
of the fluid particle and the z-axis (normal to the substrate). cos(6) = 0 corresponds to the perfectly side-on
orientation, and cos(f) =1 to perfectly face-on.

Note that conditions for which P(cos(6) = 1) was found to be zero (due to the finite simulation duration and
very low probability of these configurations) were not used in the determination of the scaling of the face-
on/side-on entropy difference with ¢ and «. These conditions were found to correspond to systems for which
the bulk fluid was not isotropic and so were not used in predicting interface orientation in the paper.
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Fig. S6 Orientation distributions at the interfaces in simulations of purely repulsive particles. Solid lines are the
distributions at the solid interface and dashed lines are those at the vapour interface.
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56 ORIENTATION DISTRIBUTIONS AT SOLID AND VAPOUR INTERFACES
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Fig. S6 Orientation distributions at the interfaces in simulations of purely repulsive particles. Solid lines are the
distributions at the solid interface and dashed lines are those at the vapour interface.
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56 ORIENTATION DISTRIBUTIONS AT SOLID AND VAPOUR INTERFACES
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Fig. S6 Orientation distributions at the interfaces in simulations of purely repulsive particles. Solid lines are the
distributions at the solid interface and dashed lines are those at the vapour interface.
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57 PACKING OF CLOSE-PACKED ELLIPSOIDS IN FACE-ON AND SIDE-ON ORIENTATIONS

S7 Packing of close-packed ellipsoids in face-on and side-on orientations

In order to calculate the interaction energy difference between a fluid particle in the face-on or side-on orien-
tation and its nearest neighbours (main paper, eqn (7)), the packing of a layer of fully face-on or fully side-on
particles was assumed. Through examination of simulated systems that formed highly aligned layers at either
interface (in these cases, the alignment continued into the bulk), it was found that the fluid particles pack in
such a way that a face-on particle has six nearest neighbours in the same layer, all in the side—side orientation,
while a side-on particle has four nearest neighbours (two face—face, two side—side) in the same layer. It should
be noted that the side-on case was somewhat more disordered.

(a) A face-on particle (blue) has 6 nearest neighbours (green)  (b) A side-on particle (blue) has four nearest neighbours
in its closest packing. All six interact in the side—side orienta-  (green) in the observed packing. Two interact in the face—face
tion. and two in the side—side orientations.

Fig. S7 Closest packing of fluid particles in the (a) face-on and (b) side-on orientations to an interface.

Comparing this ideal alignment with systems in which the bulk fluid is isotropic, some deviation from this
assumed behaviour is observed, with a more disordered interface in these cases, especially for the side-on
orientation at the vapour interface.

(a) An example of face-on packing at the solid interface in a  (b) An example of side-on packing at the vapour interface in
system in which the bulk fluid is isotropic. Highlighted parti-  a system in which the bulk fluid is isotropic. Highlighted par-
cles show the assumed packing from Fig. S7(a) for face-on ticles show the assumed packing from Fig. S7(b) for side-on
particles. particles.

Fig. S8 An example of the actual arrangement of particles in (a) the face-on orientation at the solid substrate,
and (b) the side-on orientation at the vapour interface. These snapshots come from the system with the
strongest alignment at both interfaces (graphene substrate, k = 0.4, ¥’ = 0.3, T* = 0.73, ¢ay = 0.49). Although
some instances of the assumed packing are observed at both interfaces, the particles are generally more
disordered, especially in the side-on orientation at the vapour interface.
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S8 Effect of pressure
In order to maintain a constant, and experimentally relevant (for OSCs), density over the range of parameters
and temperatures studied, and to prevent evaporation, the positions of the two walls (repulsive harmonic wall
at the vapour interface, and solid wall) were fixed. This resulted in high pressures in some circumstances, with
the particles at the vapour interface pushed up against the harmonic wall. Although it does not appear that
the pressure influences the orientation at the solid interface significantly (Fig. S9a), there is a slight dependence
of the orientation at the vapour interface on pressure (Fig. S9b).
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Fig. S9 Orientational order parameter at the (a) solid and (b) vapour interfaces as a function of the interface
free energy difference, with points colour-coded by the average reduced pressure (P* = P/(e/03), calculated
from the normal force per unit area on the solid substrate). The scaling of the orientation with free energy
difference is largely independent of pressure, except at very high pressures.
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