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S1. Dimer mass calculation

To estimate the mass of the dimers, we took into account the following conditions:
(1) the mass of beads scales with their volume (i.e. with the cube of the diameter); (if)
relatively large nanoparticles can result from the aggregation of smaller clusters whose
packing determines their final density; and (iii) there is a degree of overlap between
the dimer beads. The first condition implies that if op = 30,, then m B = 27my. The
second condition amends the first one in case of large particles, whose mass should be
modified by the packing fraction. We have arbitrarily chosen the largest possible packing
fraction, that of a Face Centred Cubic (FCC) unit cell, being ¢max = 7/ (3\/2) ~ 0.74
[89,90]. Finally, the third condition is a consequence of the model described in Section
2.1. More specifically, while the diameter of the ND beads is 0y = or = 0p = 30,
the distance at the minimum of the ND stretching potential defined in Equation (2) is
dnp ~ 2.50, i.e. the equilibrium bond length between the two components of the dimer
is about 17% shorter than the hard-sphere distance between them. This lens-shaped
overlapping volume is equivalent to the sum of the volume of two spherical caps [91],
and it reads:[92]

2
_ T [Ox 9B 2 3 2
‘/19115 = 12d“‘3 (; + 7 — da‘3> |:dtxﬁ + dﬂc‘B(U’X + Ulg) — 1(0’0{ - Uﬁ) ’ (Sl)

which, for 0, = 0g = 30 and dyg = 2.50, is reduced to Viensnp = 0.56 o3, equivalent
to = 2% of the total volume of the dimer. Consequently, after all the conditions are
imposed, the final mass of a ND bead results to be my = mt = my = 19.59 M.

We note that the third condition could also be applied to account for the overlapping
of consecutive beads in a polymer chain. By substituting 0, = 05 = 0 and dyg ~ 0.96 ¢
(the polymer’s equilibrium bond length from Equation (2), the overlapping volume is
Viens,chain = 0.0012 ¢®, which is approximately 0.1 % of the volume of the two beads and
thus safely negligible.

S2. Setup and Equilibration

Initial configurations were created by first allocating chains. Initially, three chains
were grown along the z direction (arbitrarily selected) at the same x, y coordinates.
Instead of replicating this set of three chains, a shift of Ax = 21/¢¢ and Az = Lo
is applied to create a second row by growing three additional chains with opposite
interactions next to the first row, making the centre of the chains of the second row by
half-chain length with respect to those in the first row. The aim of this shift in the centres
of mass is to distribute them equitatively in all the inter-layer planes. Subsequently,
the two initial rows were replicated in the x direction and then the resulting sheet was
replicated in the y direction until the final number of chains was achieved. Due to
the repulsive potential used in this study (see Equation (1) and Table 1), producing
alternating chain-ends-only and centres-only interphases would have created sets of
dynamically almost-independent lamellae. Figure S1 shows the difference between both
cases, where systems are shown as diblock copolymer sheets piled on top of each other.

Nanodimers were positioned with the intention of minimising the number of defects
and generating systems as homogeneously distributed as possible, with initial positions
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Figure S1. Two possible initial lamellar arrangements. While (a) produces a homogeneous
distribution of chain centres and ends in every inter-layer plane, (b) produces alternating ending
beads-only and central beads-only interfaces.

reported in Figure S2. Particles can be seen allocated between regularly spaced polymer
sheets and with their centre of mass aligned with the inter-layer planes.

(@) Owt% (b) 00 - 1 wt% (c) 00 - 5wt% (d) 00 - 10 wt%

Figure S2. Initial configurations employed to equilibrate the systems studied in this work. Interac-
tions were changed after thermalisation and pressurisation of these configurations.

For the pure copolymer, we calculated the equation of state at T = 1€ /kp expanding
the system between P; = 1.5 ec 3 and P, = 150 €03 and subsequently compressing it
back to the initial pressure. Two expansion-compression cycles, differing by the pressure
rate applied, were performed. In particular, the slow and fast cycles were respectively
runat [§P/6t| = 3.0-102 ec 371 and [6P/6t| = 1.5-1072 €037~ L. From the resulting
equation of state, reported in Figure 2, we selected P = 11.3 €02 to equilibrate a stable
lamellar phase at density p = 1.0073.

For nanocomposites, thermalisation and pressurisation run for t = 5 - 10* 5t from
T=0toT =1.0€/kgatP = 11.3 €02 in the NPT ensemble. Following this short
run, chains filled the empty spaces, but had no time to rearrange to destroy the pre-
ordered structure when the density was still relatively low and lamellae could melt.
This process was performed with 00-NDs only, but was used as the starting point for
equilibration of all systems containing particles. The non 00-NDs would have their
interactions activated before equilibration. Once all systems were at target pressure and
temperature, equilibration run for t = 2 - 108 6t in the NPT ensemble, to stabilise total
energy E, volume V},0y, and box lengths.
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S3. Calculation of ND orientation vs position in the simulation box

We employed the same bin-segmentation used to calculate the density profiles and
determined the orientation by measuring the polar angle 6 € [—90°,90°], its absolute
value, and the azimuthal angle ¢ € [-180°,180°). More specifically:

(0(z; + 6z)); = (arccos (dnp - ;) — 90°); (S2)
(16(zi =+ 0z)|); = (| arccos (dnp - &2) — 90°]); (S3)
. dnp - éx
(p(z; £62)); = <sgn(dND - éy) arccos (s éx)zﬂj— (A éy)zl > (S4)

where dyp = dnp/ ||dNp]| is the unit vector defining the dimer orientation, {é, éy, é,}
are canonical vectors oriented as the cartesian axes of the simulation box, and (...); is the
ensemble average in bin i. These plots are shown in Figure S5.

S4. The continuous uniform distribution

This distribution is a rectangular Probability distribution function (PDF), meaning
that all values within the interval are equiprobable:

1
b—a
where a and b are the limits of the distribution. This distribution has a mean value

tiyy = (b+a)/2 and a standard deviation o3, = |b — a|/+/12. Below, the properties of
this distribution when applied to polar and azimuthal ang]les.

U(a,b) =

(S5)

Table S1. Rectangular distribution data for polar and azimuthal angles.

Angle PDF Hu Oy
60 Up(—90°,90°) 0°  52°
6] Ujp (0°,90°) 45°  26°

¢ Up(—180°,180°) 0° 104°
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72 S5. Additional data

Table S2. Nematic order parameter and nematic director components for NDs in each system.

System 5, () (ny) n,)
PNCy 0.265 4+ 0.033 0.48 +=0.55 0.39 +=0.56 —0.006 £ 0.035
PNGC, 0.139 + 0.034 0.45+0.55 0.45+0.53 0.00 £0.13
PNC; 0.419 4+ 0.045 —0.003 +£0.081 —0.005 = 0.067 0.9944 4+ 0.0063
PNC,4 0.715 £ 0.025 —0.004 +£0.035 —0.002 £+ 0.038 0.9986 + 0.0015
PNC5 0.234 +0.016 0.52 +£0.51 0.44 +0.53 0.000 £ 0.016
PNCq 0.071 +£0.014 0.51 +£0.50 0.48 +0.49 0.00 £0.12
PNC~, 0.424 +0.016 —0.003 £ 0.028 —0.00540.030 0.99913 + 0.00091
PNCg 0.7156 £0.0096  0.000 + 0.016 0.000 £ 0.016  0.99974 + 0.00028
PNCy 0.213 4+ 0.010 0.57 +0.53 0.24 +0.59 0.000 £+ 0.013
PNCqp 0.036 +£0.011 —0.02+0.32 0.08 =0.28 0.84 £0.34
PNC1; 0.455 +0.012 0.000 4 0.020 —0.004 £ 0.019 0.99961 + 0.00036
PNC;,  0.7239 £0.0077 —0.001 +£0.011  -0.001 £0.010  0.99989 + 0.00011

7 S6. Additional figures
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Figure S3. Density profiles in the z direction of h-block (orange line), t-block (cyan line) and
both chain beads (black line); chains’ centre of mass (black dashed line); particles” H-like (red
diamonds), T-like (blue diamonds), neutral (grey diamonds) ND beads; and particles’ centre of
mass (violet line).
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(a) 0 Wto/o

(b) 00 - 1 wt% (c) HH - 1 wt% (d) HO - 1 wt% (e) HT - 1 wt%

(f) 00 - 5wt% (g) HH - 5wt% (h) HO - 5wt% (1) HT - 5wt%

(j) 00 - 10 wt% (k) HH-10wt% (1) HO- 10 wt% (m) HT - 10 wt%

Figure S4. Perspective view of typical equilibrated configurations of the model PNCs studied in
this work. NDs and chains’ monomers are shown as spherical beads. Different colours indicate
h-block (orange), t-block (cyan), neutral (grey), head-like (red) and tail-like (blue) monomers.
Subfigures a to m are each identified by ND type and ND mass fraction, as detailed in Table 2.
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Figure S5. Polar () (purple empty circles), absolute polar (|0|) (yellow full diamonds) and
azimuthal (¢) (green crosses) average angle values as a function of the z coordinate. As a reference,
orange and cyan lines are the local density of h-block and t-block chain beads, respectively.
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Figure S6. Mean squared displacement of chain monomers (black lines) and chains’ centre of mass
(green lines) at each system. MSD is shown for three-dimensional trajectories (continuous lines),
movement in the lamellar plane (dotted-dashed lines) and movement along z-axis (dashed lines).
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Figure S7. Mean squared displacement of NDs (violet lines) at each system. MSD is shown for
three-dimensional trajectories (continuous lines), movement in the lamellar plane (dotted-dashed
lines) and movement along z-axis (dashed lines).
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Figure S8. Accumulated time autocorrelation functions R = fg dt' (P [dxp () - dp(0)]) (main

frame), and convergence behaviour of Dy as a function of time (inset). Systems containing 00
(empty circles), HH (full triangles), HO (full diamonds) and HT (empty squares) NDs are shown at
particle mass fractions 1 wt% (purple), 5 wt% (yellow) and 10 wt% (green).
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