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1. Anisotropy functions

Several anisotropy T-periodic functions have been tested in order to evaluate the impact of such
a choice on the shape of the DRCNS5T crystals. They are defined on [0,7], as follow:
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The anisotropy functions are illustrated in Figure S1.
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Figure S1: Anisotropy functions tested to obtain the DRCNST crystals leaf shape.

The anisotropy functions are implemented on the AC mobility as described in Sec. 2 of the main
text. They are tested by letting an initially elliptic crystal grow. The shapes obtained after significant
growth are illustrated using the order parameter field ¢ in Figure S2 (a), (b), (c), (d), and (e) for
the anisotropy functions fl, f2, f3, f4, and f5, respectively.
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Figure S2: Order parameter field after pure crystal growth with different anisotropy functions. The
color scales from dark blue (amorphous material) to dark red (crystalline material).

First of all, only functions f1and fs generate leaf shaped crystals similar to the ones observed in
the EFTEM images obtained by Harreifld and coworkers.! Moreover, the longitudinal-to-transversal
growth rate ratios extracted from the simulation results are compared to the expected values

M, atio + 1 values for the different functions. The results are summarized in Figure S3. The expected
longitudinal-to-transversal growth rate ratio is better recovered with function f1 than with function
fs and is accurately recovered up to ratios as large as 4 with function f1. Because of its physical
meaning, of the proper reproduction of the leaf shape and of the growth ratios M atio + 1, the
function /1 is chosen to simulate the anisotropic growth of the DRCNS5T crystals.
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Figure S3: Longitudinal-to-transversal growth rate ratios extracted from the simulations, compared
to the expected theoretical ones, for different anisotropy functions.

2. Determination of the amorphous-amorphous interaction
parameter

The melting point depression of DRCN5ST was measured by Zhang and coworkers for different

blend ratios of DRCN5T:PC,4BM 2. The data is reused to calculate the value Xaa(Tr) using the
melting point depression equation below:
1 1 R ln((p)_l_(l 1

S e v e N_z)(1 =) + Xaa(Tr)(1 - <P)2] (S6)

The amorphous-amorphous interaction parameter is assumed to be constant for temperatures

blend
close to the melting point temperature Twm of a pure DRCN5T crystal. T is the melting
temperature of DRCN5T crystalline material in a DRCN5T: PC,4BM blend3 and V1 is the molar
1 1+ Rv, In () (1 1

rdendc gy T Lo O N__N_)(l_(p)
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volume of DRCNST. The linear regression of as a

function of (1 - )’ gives the value Xaa(Tm) = 14,

The critical interaction parameter, below which the mixture is miscible, is Xerit = 1'54. For
simulations of type D, whereby an AAPS is desired (See Sec. 2 in the main text), the interaction
parameter is chosen above the critical value at the simulated TA temperatures. For all other
simulation types the interaction parameter is set to be below the critical value at the simulated TA
temperatures, so that there is no AAPS. The two phase diagrams corresponding to both cases,

i.e. ¥ =Xerit (Figure S4a) and X ~ Xerit (Figure S4b) are shown in Figure S4.
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Figure S4: Phase diagrams of the studied DRCN5T:PC,BM mixture assuming miscibility (a) and
immisciblility (b). The liquidus line is in blue, the solidus in yellow, the fitted experimental solubility

limit points in pink. The increase of Xaa from Xaa(80°C) = 1.1 (for a miscible blend) to
Xaa(80°C) =18 - an immiscible blend) results in the appearance of the unstable and metastable
regions, up to high temperatures (150°C) centered around ¢ = 0.4

3. Temperature-dependence of the critical radius and
nucleation rate derived from classical nucleation theory

In the sense of the classical nucleation theory (CNT), a germ must reach a critical size in order to
be stable and grow, due to the competition between the driving force for crystallisation and the
surface energy 9. The expression of the free energy in 2D can be written as follow for a crystal
germ of radius 7 :

T
G= anpous(T— -1) + 2nro (S7)
m

The critical radius 7 corresponds to the value of the radius for which the free energy derivative is
equal to O:
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Using the expression of the surface energy 3V2  derived from the Allen-Cahn equation,*

the critical radius can be expressed depending on the PF model parameters as:
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In the CNT, the nucleation rate is Vnuct * € where G is the energy barrier to be overcome for

stable germs to grow.® Using S7 and S8 and the expression of the surface energy in the sense of

the phase field parameters, the following expression of G~ is obtained:
2
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Wieus ®T described in Sec. 2 of the article can be used
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The temperature dependency ¢ « T and

RT
with equation S10 and the expression of the nucleation rate Vnuc * € to obtain the following
temperature dependency for the nucleation rate in a pure material:
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where %l is a positive constant. The nucleation rate consequently decreases with increasing
temperature.

4. Determination of the mobility coefficient by fitting the
experimental growth rates

The longitudinal and transversal growth rates were calculated from the crystals lengths and widths
measured by Harrei® and coworkers' in the as-cast film and in the thermally annealed films. The
calculated growth rates at the different TA temperatures are summarized in Table S1.



TA temperature Longitudinal Transversal growth
P growth rate (nm/s) rate (nm/s)
80 °C 0.0193 0.0032
100 °C 0.0217 0.0052
120 °C 0.0245 0.0070
140 °C 0.0610 0.0155
160 °C 0.1662 0.0402

Table S1: experimentally measured longitudinal and transversal growth rates of the DRCN5T
crystals at different TA temperatures’

1 T
v _EManiso( -

In the Allen-Cahn model, the growth rate of a pure crystal v is such that W T 4

Assuming that the same temperature dependency will still hold in a blend, and inserting the

physical temperature dependencies of &, Maniso and W described in Sec. 2 of the main text, we
_‘BD

T T
voce T (1-—) In(v) - In(1 - —) 1
T ,. A linear fit of m against T is done to determine the value of
-Fp 1

obtain
Bpb. Note that Harrei and coworkers! assumed v*e " A linear fit of In(v) against T is done
additionally to compare the differences between the 2 methods. The linear fits for the longitudinal
and transversal growth rates are shown in Figure S5. There is no significant difference between
the 2 methods previously described as observed in Figure S5.
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Figure S5: Arrhenius fit of the transversal and longitudinal growth rates.
Moreover, the corresponding longitudinal growth activation energy is found to be Eqjong =47 k],

and the transversal growth activation energy Eqtrans = 52K On the one hand, this longitudinal
growth activation energy was used for parametrizing the temperature dependence of the self-
diffusion coefficients 2i and the mobility My coefficients described in Sec. 2 of the main text. On
the other hand, the longitudinal to transversal growth rates ratio M;atio ¥ 1 described in Sec. 2 of

E -E
atrans “along

RT
the main text is chosen such that Mg +1xe

5. Full list of simulation parameters values

Values/Temperature dependency (T

Parameters Full name K Unit
in 1)
p DRCN5T density 1267 kgm™3
Energy barrier upon _ _
w 3 1
fus crystallisation 10848 x10 7+ T i kg
Ly DRCNS5T heat of fusion 44.89 kj kg~ *
T, DRCNST melting 490.25 K
temperature
Ny Ny Species molar size 1.75,1 -
Yo Smallest component 569 %10 * m3mol ™!




molar volume

Amorphous-amorphous

Simulations of type A, B, C and E

1
2.17 - 379.23 x —
T

Xaa . . . . -
interaction parameter Simulations of type D
1
0.37 + 505.64 * —
T
ine- 1
XYoo (_:rystalll_ne amorphous 1349.8 % — i
interaction parameter T
Surface tension
&g parameter for grain 0.06 Jm™?
boundaries
Surface tension
parameter for _7 105
€ crystallinity order 5851077 xT Um=)
parameter gradient
Surface tension
K parameter for 2%10°10 Jm™1
composition gradients
Simulations of type A, B, C, and D
56219
Dy =D, =319%10 ?xTxe T
5621.9
Dy,=Dy,=637+10 " xTxe T
D11, DlZ’ D21, Dy, | self diffusion coefficients m?s~1

Simulations of type E
_5621.9

Dy =Dy =735%10"®xTxe T
_5621.9
Dy =Dyp=147%10 B xTxe T

M,

Crystal mobility
coefficient

_5621.9
1831%T*e |

M +1

ratio

Longitudinal/transversal
growth ratio

688.3

1.59%e T

Table S2: Simulation parameters used for the simulations presented in the paper.

6. Temperature-dependent crystals stability in the
DRCN5T-PCBM blend

To obtain the temperature-dependent critical size of DRCN5T germs in the DRCN5T-PCBM
mixture, simulations with initially only one single elliptic crystal are performed. Thereby, the
simulations parameter set is identical to the one of simulations of type A (See Sec. 2 of the main
text), so that the only possible evolution is dissolution (if unstable) or growth (if stable) of the initial
crystal. In order to determine the critical crystal size above which the crystals grow, the initial
crystal size is varied (however with a fixed major-to-minor axis length ratio based on the DRCNST
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crystals lengths and widths measured in the as cast film by Harrei and coworkers'5). Observing
whether the crystal disappears or grows, provides the temperature-dependent critical size.

Once this critical size is known, since the size distribution of the germs in the as-cast film is also
known, the number of crystals expected to be unstable upon TA is also known. This number is
compared to the number of crystals really dissolved at the end of the 10 min of TA in simulations
of type A. As illustrated in Figure S6, the number of crystals really dissolved is coherent with the
expectations. Together with the fact that these crystals disappear at the beginning of annealing,
we conclude that the crystals dissolution upon TA is due to their instability and not to Ostwald
ripening.
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Figure S6: Number of expected unstable initial crystals as a function of the number of dissolved
crystals for simulations of Type A after 10 min of TA at temperatures of 80°C, 100°C, 120°C,
140°C, and 160°C. The black curve corresponds to the y=x line.

7. Impact of coarsening during TA for simulations with
nucleation and coarsening (type C)

Grain coarsening becomes generally dominant and visible only at late-stage after nucleation and

crystal growth. The DRCN5T crystallinity Xerys curve and number of crystals is determined for
simulations of type C at 140°C (see main text), as illustrated in Figure S7. The crystallinity

increases from Xerys = 0-05 o ~ 0.9 and the number of crystals from 40 to 130 between t = 0s
and t =250 s during the nucleation and growth stage. After t = 250 s, the effect of nucleation and
growth is negligible compared to coarsening, which is reflected after t = 250 s on the crystallinity
curve by a decrease of the curve slope and reflected as well by a decrease in the number of
crystals.

X crys
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Figure S7: Evolution of the proportion of crystalline DRCN5T (black solid line and left y-axis) and
number of DRCNST crystals (black dashed line and right y-axis). The red dotted line delimits the
nucleation and growth, and coarsening stages.

8. Order parameter and orientation plot for simulations
with amorphous-amorphous phase separation (type D)

The order parameter fields ¢ and orientation fields € allow to track the crystalline regions and the
crystals orientation. As illustrated in Figure S8a,b the high-volume fraction phase (¥ 1) is
crystalline. In simulations of type D, both other phases with DRCN5T volume fractions of ¢ ~ 0.7
and ¢ = 0.1 are amorphous. The edge-on crystals orientations are shown in Figure S8c.
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Figure S8: TA at 80°C of a binary DRCN5T: PC,,BM blend with initial blend ratio 1:0.8, simulation
of type D. The DRCNST volume fraction (a), crystalline order parameter (b), and orientation (c)
fields are shown for a TA time of 600 s.
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