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Figure Captions

Figure S1 — XPS survey spectra of F8T2 pristine, annealed and processed with DIO
polymeric films.

Figure S2 — Cl1s XPS core-level spectra of, respectively, F8T2, F8T2 annealed film and
F8T2 film processed with DIO.

Figure S3 — Sulfur K-edge NEXAFS spectrum of F8T2 (black) and its corresponding
second derivative graph (blue).

Figure S4 — Angular dependence of Sulfur K-edge TEY NEXAFS [(a) and (c))] and
difference [(b) and (d)] spectra for, respectively, the F8T2 annealed and DIO processed
F8T2 polymeric films.

Figure S5 — Sulfur KL, 3L, 3 Auger decay spectra obtained for photon energies labeled
as A-D in the NEXAFS spectrum of F8T2 for: a) F8T2 film as cast; b) thermally
annealed F8T2 film b) F8T2 film additive processed.

Figure S6 — Snapshots of oligomers throughout the simulation of CB evaporation. The
system consists of 100 oligomers of F8T2 containing 16 repeating units, and solvent CB
and DIO (both omitted for better visualization of the solute).

Figure S7 — Population of F8T2 oligomers as a function of the dihedral angle ¢ between
the thiophenes’ rings of the BT moiety. The yellow curve refers to the distribution in the
blue curve represents the final distribution after the solvent evaporation.

Figure S8 — a) Radial distribution of pairs between sulfur (F8T2) and iodine (DIO)
atoms for some moments of the solvent evaporation simulation. b) Mean distances

between sulfurs and iodines during MD. c) Radial Distribution Function 9 (rij) between
the sulfur atoms in the BT moiety and the alkyl chains attached to the FL group.

Figure S9 — Some examples of configurations of oligomers’ dimers (or single
oligomer’s chains) taken from the film after the MD evaporation with DIO. Those
configurations illustrate some situations where there is aproximity between atoms of the
lateral alkyl chains with the BT ring of the oligomer.

Figure S10 — Simplified two-dimensional model representing the electrostatic
environment filled by by the S atom (represented by the points S and S’) in the

vicinities of an alkyl lateral chain of the F8T2 oligomer. The coordinates "FL-s (

L) and "FL-S (r'FL—S) are the distances of S (S’) to the center of the reference
system and the average distance to the point charges in the nearest octyl side chain,
respectively. The atomic charges are represented by net point charges with magnitudes
given by DFT calculations. The coordinates of the alkyl charges are also in accordance
with bond lengths and angles extracted from DFT. The FL point in the origin is
associated to the net charge of the central pentagonal ring of the FL group whereas the
FL2 represents the net charge on the remaining three carbon atoms of hexagonal ring
(considering an average distance of those atoms to origin as given by DFT). Finally, the
point Th represents the net charge of the closest thiophene ring belonging to the BT



group. To preserve the symmetry of the system, the points FL2 and Th are also
considered in the x < 0 interval. See Table S22 for details of charge coordinates and
magnitudes.

Figure S11 — Illustration of the basic model based on the Born’s theory of ion-solvent
interaction to estimate the electric field variation AF produced by a +Aq charge increase
in a central point charge representing the S atom. See text for more details.

Table Captions

Table S1 — Peak assignment and chemical composition for the Cls XPS spectra of the
F8T2, F8T2-T, and F8T2-DIO films.

Table S2 — Peak assignment and chemical composition for the S2ps XPS spectra of the
F8T2, F8T2-T, and F8T2-DIO films.

Table S3 — Values adapted from the OPLS table for parametrization of the CB, DIO
molecules and oligomer of F8T2, in the united atoms (UA) model, available in the
GROMACS package directory. The CB and F8T2 partial atomic charges were obtained
from geometry optimizations employing DFT/0B97XD/6-31G(d,p)3 and
DFT/LanL2MB/6-31G(d,p) just for DIO, all in ESP formalism.

Table S4 — Averagenumberofgroups (n) present in a spherical volume with center in a
specificmoietyofthechainand r= 8 A for the final films formed withandwithout DIO.

Table S5 — Positions and charges of the point charges used scheme of Figure 14. The
charges are taken from DFT calculations of F8T2 oligomers assuming the Millikan
approximation, and wb97xd (6-31g**) level of theory.
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Figure S1 - XPS survey spectra of F8T2 pristine, annealed and processed with DIOpolymeric films.
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Figure S2 - Cls XPS core-level spectra of, respectively, F8T2, F8T2 annealed film and F8T2 film
processed with DIO.



Table S1 - Peak assignment and chemical composition for the C1s XPS spectra of the F8T2, F8T2-T, and
F8T2-DIO films.

Cls Binding FWHM Atomic %
Energy (eV) (eV)
F8T2
C=C 284.6 1.06 65.00
C-C 285.1 1.06 30.46
C-S 285.9 1.35 3.46
C-0 287.1 1.35 1.08
F8T2-T
C=C 284.7 1.02 65.41
C-C 285.1 0.95 31.68
C-S 285.9 0.64 2.05
C-0 287.4 0.83 0.85
F8T2-DIO
C=C 284.6 1.01 66.43
C-C 285.2 0.86 29.44
C-S 285.9 0.56 2.80
C-0 287.0 0.87 1.32

Table S2 - Peak assignment and chemical composition for the S2ps XPS spectra of the F8T2, F8T2-T,
and F8T2-DIO films.

S2p Photon FWHM Atomic %
Energy (eV) (eV)
F8T2
S2ps (S-C) 163.8 0.81 15.26
S2py (S-C) 164.9 0.81 15.26
S2ps, (S-C)F 164.5 0.89 33.62
S2pyn (S-C)F 165.7 0.89 33.63
S2ps (SO,) 167.2 1.66 1.12
S2pi2 (SO,) 168.3 1.66 1.12
F8T2-T
S2p;, (S-C)* 164.4 0.93 48.83
S2pi, (S-C)* 165.6 0.93 48.85
S2ps12 (SOy) 167.4 0.98 1.16
S2pi,2 (SO,) 168.5 0.98 1.16
F8T2-DIO

S2ps, (S-C)F 164.4 1.03 49.10
S2py (S-C)* 165.6 1.03 49.10
S2ps (SO,) 167.4 0.86 0.91

S2p12 (SO,) 168.5 0.86 0.91
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Figure S3 - Sulfur K-edge NEXAFS spectrum of F8T2 (black) and its corresponding second derivative
graph (blue).
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Figure S4 - Angular dependence of Sulfur K-edge TEY NEXAFS [(a) and (¢))] and difference [(b) and
(d)] spectra for, respectively, the F8T2 annealed and DIO processed F8T2 polymeric films.
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Figure S5 - Sulfur KL,;L,5 Auger decay spectra obtained for photon energies labeled as A-D in the
NEXAFS spectrum of F8T2 for: a) F8T2 film as cast; b) thermally annealed F8T2 filmb) F8T2 film
additive processed.



CLASSICAL MOLECULAR DYNAMICS OF THE F8T2/(CB and CB:DIO) SYSTEM

COMPUTATIONAL MODEL
Classical molecular dynamics and the force field

Classical molecular dynamics simulates the temporal dynamics of a system of
particles, such as atoms, molecules, or ions, in a defined thermodynamic state, using a
mathematical model that describes the classical interactions between particles, known

as a force field.

Force field parameters include interaction forces, equilibrium distances, angles
of three bonded particles, dihedral angles among four particles, and covalent bonds
between pairs of particles. Interaction forces are modeled by energy potentials, such as
the Lennard-Jones potential, which describes van der Waals interactions between
particles, and the Coulomb potential, which describes electrostatic interactions
between charged particles. The equilibrium distances are the values of the distances
between particles at which the potential energy is minimum. In summary, the

theoretical force field of the present study on a particle i is equivalent to:

K K K
Ui = Z %(lij_lO)z + Z 76(91']'](_90)2 + Z ;(fijkl_EO)z

bonds angles improper
dihedrals
..
O i
+ Z ZC cos kl RS 24 A R A
ij ) r T.. (1)
proper n=0 1j>i Y
dihedrals
N
Q[CI]
X
j=T)> i T€oTy)

The first three terms on the right side of Eq. (1) are parabolic functions that

classically adjust the harmonic motions around an equilibrium point (lo' B0 f0) present in

the chemical bond, in the angle and the improper dihedral angle, respectively. The
elastic constants K16 of the harmonic potentials, the interaction energy®ijand the

characteristic diameter?ijbetween two particles i and j, were taken from the Optimized



Potential for Liquid Simulations (OPLS) table,['231 and the last two parameters are
obtained by the standard Lorentz-Berthelot equation,“®lthatis,fi = v %and

9= 0.5 (9; % 9)- The values Ly % $ijkv Pijkiand T are calculated during the dynamics.

A torsion along the polymer backbone is implemented by the Ryckaert-

Bellemans potential, the fourth term of Equation (1). The function calculates the

torsional energy of four atoms at a given angle Pijkt of torsional flexion (proper dihedral
angles). The torsional energy profile between the thiophenes of F8T2 was previously
obtained through ab initio calculations using the Functional Density Theory (DFT) with
the functional B3LYP!"l and the base function 6-31G(d,p).[89 Then an interpolation was
performed on this energy profile with the Ryckaert-Bellemans equation to obtain the

coefficients C,,.

Finally, the van der Waals and electrostatic interactions are represented by the

Lennard-Jones and Coulomb equation, the last two terms of Eq. (1), where the

variablesYijare the partial atomic charges of each particle, in this case, obtained in the

ESPI0.111 formalism.

Force field parametrization

Force field parametrization is a critical process to ensure that simulations
produce accurate and reliable results. This is done using experimental or theoretical
data to adjust the parameters so that it adequately reproduces the thermodynamic and
structural properties of the system under study. Theoretical validation then involves
applying this parameterized force field to systems for which there are experimental or
theoretical data to compare with simulation results. This helps ensure that the force
field can accurately predict the physical properties of the molecules and systems under

study.

There are several publicly available force field parametrization tables, including
OPLS, which is a force field widely used for simulations of liquids and macromolecules,
such as proteins and nucleic acids. He is known for his accuracy in reproducing various
properties, including the structure of proteins and the thermodynamics of liquid

solutions.



Some values of the main parameters used in the Lennard-Jones equation are
shown in Table S1. We also use from these tables values of the elastic constants of

the chemical bonds and angles.

Theoretical validation of materials

In validating the simulated solvents, the following steps were performed for

each system containing 1000 molecules in the UA model. First, an energy minimization

of1'107steps in the steepest descent method was performed to avoid any particle

overlaps and the consequent potential energy divergence. Next, a dynamic was

performed using the velocity method Verletl2 of 1- 107steps with an increment of 2.0fg
of time in the equations of motion, resulting in 20.0 ns of simulation in the ensemble
NPT. Both solvent simulations were performed at an average temperature of 298.15K
and a pressure of 1.0atm. The physical simulation time of 20.0 ns was enough to reach
the expected results due to the size of the system and the rapid convergence of its
potential energy.

Table S3 — Values adapted from the OPLS table for parametrization of the CB, DIO molecules and
oligomer of F8T2, in the united atoms (UA) model, available in the GROMACS package directory. The

CB and F8T2 partial atomic charges were obtained from geometry optimizations employing
DFT/oB97XD/6-31G(d,p)"3land DFT/LanL.2MB/6-31G(d,p) just for DIO, all in ESP formalism.

Material Name Atom Mass [u] 9ij[nm] €ij[kd mol"]
opls_264 Cl 35.453 0.340 1.255
CB-UA opls_145 C 12.011 0.355 0.293
opls_075 C 13.019 0.367 0.460
DIO-UA opls_732 I 126.904 0.367 2.426
opls_110 C 14.027 0.380 0.290
opls_633 S 32.060 0.355 1.046
opls_567 C 12.011 0.355 0.293
F8T2-UA opls_568 C 13.019 0.367 0.293
opls_009 C 14.027 0.390 0.464
opls_010 C 15.035 0.390 0.732

In validating the simulated solvents, the following steps were performed for
each system containing 1000 molecules in the UA model. First, an energy minimization
of1'107steps in the steepest descent method was performed to avoid any particle

overlaps and the consequent potential energy divergence. Next, a dynamic was



performed using the velocity method Verlet!'2l of1 - 10”steps with an increment of 2.0fs
of time in the equations of motion, resulting in 20.0 ns of simulation in the ensemble
NPT. Both solvent simulations were performed at an average temperature of 298.15K
and a pressure of 1.0atm. The physical simulation time of 20.0 ns was enough to reach
the expected results due to the size of the system and the rapid convergence of its

potential energy.

The analyzed properties are the volumetric density(?)and the enthalpy variation

n (8H,q) since these two properties are directly influenced by the

of vaporizatio
parametersdandéof van der Waals interactions. The density of the CB solvent found,
for example, wasp =1175.27 +4.81kg/m® with an error of =+ 6.5%compared to the
average values in the literature.l'* - 71 On the other hand, from the equation for the

change in enthalpy of vaporization
AHvap = [U(potential) + RT]gas - [U(potential) + pV]liq. ’ (2)

we have®vap = 40-09% /mol with an error of =+ 1.68%.141618 1 The DIO solvent was
validated with values ofp =1851.87 +6.77kg/m3® (with an error of = 2.88%l14) and

AHyqp = 5493 1 j/mol (with an error of =- 0.49%141),

The Evaporation Process

The resulting layer, or thin film, containing only the F8T2 oligomers consists of 100
oligomers containing 16 repeat units each (8.84 kDa each oligomer). Analogously to
the experimental method and to the method that we have already used in our previous
works,['? - 211 the F8T2 oligomers were randomly mixed with the previously equilibrated
CB solvent, and in another case, with CB and a small percentage of the volume with

DIO. Both simulated systems have (30.0x30.0x60.0) nm*® dimensions.



39.40% syn

60 nm

373 ns

=
~3 nm

Solvent evaporation time

Figure S6 - Snapshots of oligomers throughout the simulation of CB evaporation. The system consists of
100 oligomers of F8T2 containing 16 repeating units, and solvent CB and DIO (both omitted for better
visualization of the solute).

The simulation of solvent evaporation was carried out through steps adapted from the
protocol provided by Alessandri et al.??l. In this protocol, many sequential simulations
are performed until all the solvent is removed from the system. Between each
simulation, 2.0% of CB is removed. The entire MD was performed in the NVT
ensemble at a temperature environment and pressure of 1.0 atm. Figure SI5 shows

some snapshots of the system during the evaporation process.

Average Number of Groups (n) Interacting with a Moiety

Table S4 — Averagenumberofgroups (n) present in a spherical volume with center in a
specificmoietyofthechainand r= 8 A for the final films formed withandwithout DIO.

Interaction n (CB only) n(with DIO)
BT-BT 1.480 1.257
FL-BT 1.477 1.373

FL-FL 1.294 1.044
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Figure S7— Population of F8T2 oligomers as a function of the dihedral angle ¢ between the thiophenes’ rings of the BT moiety.
The yellow curve refers to the distribution in the blue curve represents the final distribution after the solvent evaporation.



Radial Distribution Function between the S atoms and the Octyl Chains
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Figure S8 - a) Radial distribution of pairs between sulfur (F8T2) and iodine (DIO) atoms for some
moments of the solvent evaporation simulation. b) Mean distances between sulfurs and iodines during

MD. c) Radial Distribution Function 9 (TU) between the sulfur atoms in the BT moiety and the alkyl
chains attached to the FL group.



Some Molecular Configurations After the MD Evaporation with DIO
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Figure S9 - Some examples of configurations of oligomers’ dimers (or single oligomer’s chains) taken from the film after the MD
evaporation with DIO. Those configurations illustrate some situations where there is aproximity between atoms of the lateral alkyl
chains with the BT ring of the oligomer.

Basic Modelling to Access Electrostatic Environmental Variations around the BT

Group

Effective Nuclear Charge and Born’s approach to estimate AF

We begin by assuming that the higher binding energy detected in the sulfur atoms after
the use of DIO is due to an excess positive charge felt by the core 2p electrons of the S
atom. To quantify the magnitude of charge variation necessary to produce a 0.7 eV shift
in the XPS spectra, we will apply a crude model of a multielectron atom that is
essentially based on the solutions for the hydrogen atoml(?*l. In this approach the
variations in the BE are related to effective nuclear charge (Z.5) that takes into account
theelectrostatic shielding effect produced by the negatively charged electrons in the
inner shells of the atom. In this model, the modulus of the electron binding energy and

its average separation from the nucleus are, respectively:



; (1)

eff (2)

where Mis the principal quantum number (for 2p electrons 1 = 2), Eq is the ground state

energy of hydrogen atom (E 0=13.6eV), and % the Bohr radius (aO: 0.5 A). Using
Eq. (1), it is possible to calculate the variation of the effective nucleus charge (

AZy = Z Z

eff = Leff , where “eff is the effective charge for the higher BE) necessary to

produce the difference from 163.8 eV to 164.5 eV (+0.7 eV energy shift) in the XPS

peaks. It was found that Zefpn 0.0148 which directly gives the amount of excess

g = DZeffe

positive charge , where € is the elementary charge. Appling Eq. (2), it is

possible to estimate the average displacement of the electronic cloud necessary to

induce 14, or

AZ
A';' ~ —effnz
Z

; a,
effleff 3)

We assume that (/9 and AT are generated by an extra polarization A4 of the atom due to
a change AF in electric field surrounding the thiophene ring. Since

Ap=101q7T + (Z,zpe) A?,AFis

"2 2 2

a Z

efflesr | & @)

where @ is the average polarizability of the sulfur atom. Taking the values of Zesy 4 eff )

3 o
from the XPS binding energies, and @ = 24%00251, Eq. (4) gives AF = 0.035V/A,



We also tested another argument to access AF using the simple model based on

Born’s approach(?%! to the ion-solvent interaction. This theory estimates the stabilization

energy for the ion-solvent system assuming a charged sphere of ratio Tiimmersed in a

Dr. The S atom is assumed to

continuum dielectric media of relative dielectric constant
be in the center of a spherical vacuum cavity within the dielectric media.Any excess
charge in S is compensated by a charge with opposite sign in the dielectric to keep
electrostatic neutrality (see Fig S11). In this picture, the energy necessary to stabilize

G=-epre/8miigri)(1 - E_rl), where "0 is

the sphere with charge Zesre is simply
the vacuum permittivity. If the average ratio of the “solvation layer” is assumed

Z gy €induced in the S atom implies to an extra energy

AG =-BZyppefnird(1-€7)

constant, the additional charge

to stabilize the ion-dielectric system. The average

electric field necessary to perform the extra work to charge the sphere by AZosre i

AFT1 - AG/er;

r
i. For

assumed i = 5.3 A (the distance of the first “solvation layer” in the

gii’s of Fig.0), AZeff = 0.0148 and “r = 4, this relation gives AF = 0.040 V/A which
remarkably agrees with the estimate AF from Eq. (4).
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Figure S10 - Simplified two-dimensional model representing the electrostatic environment filled by by
the S atom (represented by the points S and S’) in the vicinities of an alkyl lateral chain of the F8T2

oligomer. The coordinates TFL-s (r FL-5) and "FL-S (r FL-5) are the distances of S (S) to the center of
the reference system and the average distance to the point charges in the nearest octyl side chain,
respectively. The atomic charges are represented by net point charges with magnitudes given by DFT
calculations. The coordinates of the alkyl charges are also in accordance with bond lengths and angles
extracted from DFT. The FL point in the origin is associated to the net charge of the central pentagonal
ring of the FL group whereas the FL2 represents the net charge on the remaining three carbon atoms of
hexagonal ring (considering an average distance of those atoms to origin as given by DFT). Finally, the
point Th represents the net charge of the closest thiophene ring belonging to the BT group. To preserve
the symmetry of the system, the points FL2 and Th are also considered in the x < 0 interval. See Table
S22 for details of charge coordinates and magnitudes.
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Figure S11 - Illustration of the basic model based on the Born’s theory of ion-solvent interaction to

estimate the electric field variation AF produced by a +Ad charge increase in a central point charge
representing the S atom. See text for more details.

Basic Parameters of the 2-Dimensional Model for AF Calculation using Point
Charges

Table S5— Positions and charges of the point charges used scheme of Figure 14. The charges are taken
from DFT calculations of F8T2 oligomers assuming the Millikan approximation, and wb97xd (6-31g**)
level of theory.

Point Coordinates (A) Charge(e)
Alkyl X y
1 0.01 +1.53 0.026
2 0 +3.07 0.008
3 0.01 +4.61 0.010
4 0 +6.15 -0.07
5 0.01 +7.68 0.009
6 0 +9.22 0.012
7 0.01 +10.75 0.006
8 0 +12.29 -0.017
FL 0 0 0.09
FL2 +1.5 0 -0.02
Th 5.3 0 -0.083
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