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Here we present additional information and computer simulation data on the morphologies of the systems under study. All parameters
are expressed with using DPD units, viz., m = 1 (the mass of the DPD particles), σ = 1 (the unit of scale), kBT = 1 (the unit of energy, T

is absolute temperature, kB is the Boltzmann constant),
(

mσ 2

kBT

)1/2
= 1 (the unit of time)1.

S1. The repulsion parameter aAB for the case of poly(3-hexylthiophene) (P3HT)
In order to calculate the repulsion constant aAB

1

aAB = a0 +3.497χAB,

which determines repulsion interaction between A and B beads (the choice of parameter a0 is described in subsection S2), it is necessary
to calculate the Flory-Huggins interaction parameter χAB

2,3 of the alkyl chains with thiophene backbone. This can be done using the
well-known relationship4,5 between χ and the Hildebrant solubility parameters δ 5–7:

χAB = ν(δA−δB)/RT +χS,

where ν is the averaged molecular volume of beads, R is the gas constant, χS is the contribution of entropy to the free mixing energy,
which for many mixtures is 0.348,9. It is a small correction in comparison with the first term.

Initially, the values for the Hildebrant parameters were estimated using the molecular dynamics method (MD) by calculating the
cohesion energy density Ecoh(N), according to the definition5

δ (N) = (Ecoh(N)/V (N))1/2,

where V (N) is the volume of the simulation cell, N is the number of molecules in the system under simulations. The calculations were
performed using the molecular dynamics package LAMMPS10, second-generation polymer-consistent force field (PCFF)11–13, and the
simulation protocol that we developed earlier14,15. The PCFF was validated in the case of amorphous thiophene by Zhang et al.16,17

The solubility parameter was calculated for the following compounds: C4H9, C5H12, C6H14, thiophene, polythiophene (PTH), and
P3HT. In the case of polythiophene and P3HT, we constructed short oligomer chains built from 4 monomers. To increase the accuracy
of calculations, several samples were constructed for each molecular system containing N = 4–105 molecules. The results for δ (N)

were extrapolated to the case when N −→ ∞. To check the obtained results, we used estimates for δ done in the framework of Askadskii
method18 and data taken from the literature. Obtained results for considered substances are placed in Table S1.

As can be seen from Table S1, for all alkanes there is an acceptable agreement between the MD results, estimates according to
the Askadskii method, and data from literary sources. In the case of the thiophene and polythiophene, a strong discrepancy between
theoretical results and the experimental data is seen. This might be explained by the fact that the Askadskii method and force field used
in MD simulation underestimated the intermolecular interaction of thiophene rings.

Unfortunately, there are very few publications on the solubility of polythiophene. Nevertheless, taking into account the fact that
polythiophene is soluble in solvents such as methylpyrrolidone (NMP), dimethylformamide (DMF), and dimethylsulfoxide (DMSO) with
solubility parameters of 22.9 MPa1/2, 24.8 MPa1/2, and 26.6 MPa1/2, respectively19, polythiophene cannot have the same solubility
parameter as P3HT. Since molecular dynamics gives an acceptable estimate of the solubility parameter for alkanes and P3HT, we used
these values to estimate δ in the case of polythiophene by using the simple rule7

δ
2
P3HT = (VPTHδ

2
PTH +VC6H14δ

2
P3HT)/VP3HT,

where VPTH/VP3HT and VC6H14/VP3HT are relative molar volumes of thiophene ring and alkyl chain as parts of the whole P3HT monomer.
In the estimates, we made a correction of molar volume for C6H14 because the alkyl chain in P3HT contains one less hydrogen atom.
For PTH, we obtained a value of ≈ 21.1 Mpa1/2, which is slightly less for the experimental range19. In our opinion, this is mainly
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Density ρ
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δ
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δ
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Density ρ

[g/cm3]
δ

[MPa1/2]
Ascadskii MD Literature data

C5H12 0.677 15.4 107 14.5±0.1 0.625,21 14.55, 14.321

C6H14 0.688 14.5 125 14.7±0.1 0.665,21 14.905,
14.821

C8H18 0.702 15.5 163 15.0±0.2 0.705,21 15.55, 14.021

Thiophene 0.98 17.6 85.8 16.9±0.3 1.0622 20.5923,24

PTH 1.4 18.9 58.7 17.5 ± 0.2
(ρ = 1.2)
20.1 ± 0.5
(ρ = 1.4)

1.225 22.9–26.619

P3HT 1.08 17.3 154 17.4±0.2 1.05–
1.119,26,27

2028;
19.0529;
19.030

Table S1 Characteristics of the substances used to parameterize the DPD model: density, molar volume Vm, and solubility parameters δ .

due to the fact that the constructed P3HT samples have an amorphous structure, while it is known that this polymer has a fairly high
degree of crystallinity (60-70%) and the energy cohesion of the system should be higher. Therefore, to determine the region in the
state diagram (Fig. 3a) of the corresponding P3HT, we used the experimental values for the solubility parameters P3HT and hexane
(collected in Table S1). As a result, we obtained δPTH≈ 24.6 MPa1/2 which belongs to the experimental range of solubility parameters
of good solvents for polythiophene (22.9–26.6 MPa1/2)19. This value and the value 14.85 MPa1/2 were used as δA and δB, respectively,
to estimate χAB and aAB. The obtained value χAB = 2.5 corresponds to P3HT on the phase diagrams in Fig. 2 and Fig. 3a.

It should be noted that in20 the obtained value for χAB was equal to 1.5, which is less than our result. This difference can be
explained by the fact that in20 the authors used the value 16.22 MPa1/2 for δA obtained for thiophene with the molecular dynamics,
which is very different from the average experimental value we used. The latter correlates well with our result for thiophene, see Table
S1.

S2. Choice of the repulsion parameter a0

Conventional DPD simulations use soft potential with typical values of repulsion parameter a0 around 25. In our model, we use higher
values of repulsion parameters (a0 = 100) and correspondingly higher bond and angle strengths (Kb = 50, KA ∈ [3;24]). This set of
parameters leads to much harder potential that is still much softer than Lennard-Jones one. This is done for two reasons. First, high
repulsion in DPD in combination with short equilibrium bond length (lb = 0.5) and strong bonds (Kb = 50) results in non-phantom
behavior of polymer chains31,32. Despite the fact that the repulsion potential at r = 0 is finite, the barrier is too high in comparison to
kBT and can not be passed. In turn, non-phantom dynamics of the chains leads to more physical behavior of the system, crucial for
complex soft matter phenomena. Second, the outcome of the dynamic bonding procedure is entirely dependent on the ability of DPD
beads to come close to each other. Softer potential (like a0 = 25) leads to the formation of many non-physical dynamic bonds due to the
allowance of deep interpenetration of the beads. It can be solved by complex geometrical limitations in the bond formation procedure,
but using the hard potential is simpler and more physical way to avoid abnormal behaviour of dynamic bonding procedure.

S3. Morphology of representative structures
Below we present examples of detailed visualization for morphologies of simulated samples schematically shown in Fig. 3(b-e) of the
manuscript. The main chain beads (corresponding to thiophene rings) are represented by thick blue tubes, the side chain beads (alkyl
chains) are represented by thin gray tubes.

S4. Ordering parameter in the obtained morphologies
Ordering parameter was calculated as P = 1

2 〈3cos(b̄i,〈b̄i〉Rcut )−1〉i, where b̄i is the direction of i-th bond, 〈b̄i〉Rcut is the average direction
of all main chain bonds in radius Rcut from i-th bond, and averaging for P(〈...〉i) is calculated by all main chain bonds in the system.
For each phase type, P was additionally averaged over ten conformations at frequency of 107 steps. Fig. S6 shows the calculated order
parameter for various systems as a function of Rcut . Values of P at Rcut ≈ 3 show the local nematic ordering of the chains, values at
Rcut > 15 show overall nematic ordering.

S5. Effect of main chain length
We equilibrated systems of main chain lengths equal to 10, 20, and 40 monomers to analyze the effect of chain length on the ordering
of the system. All simulations were produced with 30×30×30 simulations box (81000 particles) with Ka = 12 and ∆a = 10 (χAB = 3).
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(a) (b)

Fig. S1 Disordered morphology (a) XY axis side view; (b) isometric view. KA = 12, χAB = 0, pcreate/pbreak = 2.

(a) (b) (c)

Fig. S2 Hexagonal-packed cylinder structure (a) XY axis side view; (b) XZ axis side view; (c) isometric view. KA = 12, χAB = 5.7, pcreate/pbreak = 2.

Fig. S3 The structure of the cylindrical aggregate (a) side view; (b) top view; (c) the morphology of a single chain inside the cylindrical aggregate.
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(a) (b) (c)

Fig. S4 Lammelar structure (a) XY axis side view; (b) isometric view 1; (c) isometric view 2. KA = 12, χAB = 5.7, pcreate/pbreak = 4.

(a) (b) (c)

Fig. S5 Disordered lamellar structure (a) XY axis side view; (b) isometric view; (c) XZ axis side view. KA = 12, χAB = 5.7, pcreate/pbreak = 10.
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Fig. S6 Dependence of the order parameter P on the cutoff radius Rcut for various morphologies observed in the system: disordered (black squares,
KA = 3, pcreate/pbreak = 1, χAB = 0), disordered (red circles, KA = 24, pcreate/pbreak = 1, χAB = 0), hexagonal packed cylinders (green triangles, KA = 12,
pcreate/pbreak = 2, χAB = 6), lamellae (blue down triangles, KA = 12, pcreate/pbreak = 4, χAB = 12), and distorted lamellae (light blue rhombs, KA = 12,
pcreate/pbreak = 10, χAB = 12).

The resulting phase diagram is shown in Fig. S7. Short chains (n = 10) form only disordered and disordered lamellae phases due to its
higher mobility. At the same time, the same diagram of states was obtained for 20-mer and 40-mer chains.

Fig. S8 shows snapshots of n = 10 system after 200 million steps equilibration. While at pcreate/pbreak = 0.25 and above, there is
no ordering in the system, the higher value While at pcreate/pbreak = 0.10 still results in distorted lamellae. Snapshots for system with
n = 40 after 200–250 million steps equilibration are shown in Fig. S9. While both cylinders and lamellae are not perfectly aligned across
the simulations box, the phase type is clearly visible on these snapshots.
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Fig. S7 Phase diagram of equilibrated systems at various dynamic bonding rate pcreate/pbreak and main chain length.
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Fig. S8 Snapshots of system with main chain length n = 10 at dynamic bonding rates pcreate/pbreak equal to (a,b) 0.25, and (c,d) 0.1.

(a) (b) (c) (d)

(e) (f)

Fig. S9 Snapshots of system with main chain length n = 40 at dynamic bonding rates pcreate/pbreak equal to (a,b) 0.5, (c,d) 0.25, and (e,f) 0.1.
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