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1. Atomistic Models of BPyMPM Molecules

The bonded and nelmonded parameters of B4, B2 and B4PyPTZ were taken from the general
all atom OPLS force fiel? The force field parameters fdne dihedral angles T1 and T2
(see Figure 1 of the main text) have beeptimized by using DFTcalculations. In the
following the functional forms of bonded and Rbonded interactions are reported together
with the adopted parameters (TableSH). In Figure S1, the partial charge attribution and
atom type definition are reported. For simplicitp/lyoB4 molecular structure is used to show
atom definitions and charge attribution. However, unless the different position of nitrogen

atoms in pyridine ringghe scheme reported in Figure S1 is valid also for B2 molecules.

(A)

Figure S1.(A) Partial charg attribution to atoms. The molecule is ideally divided in two
parts. On the right side of the molecule, charges of carbon atoms are reported. Besites,

left side of the molecule the charge attribution is reported for hydrogen atoms. Only atoms
having different charge values and peculiar position in the molecule are reported. (B) Atom
type attribution. For both, bonded and Ammded interactions the labelled types are used to
refer to a specific atom type.
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1.1 Nonbonded interaction&’
01l 7 - - — — (8))

Tab. SI Interaction norbonded terms

Atom Type a !
(Ang.) (kcal/mol)
CT 3.50 2.76144
H(CT) 2.50 1.25520
H(CA) 2.42 1.25520
CA 3.50 2.92880
N 3.25 7.11280

1.2 Bond Interaction¥!

® — 1 i (S2)
Tab. S2 InteractionBond Terms

Bond Type Ly, . m o

(kcal/mol/Ang?) (Ang.)

CT-CA 265.2656 1.510
CT-H(CT) 284.5120 1.090
CA-N 404.1744 1.339
CA-CA (inring) 392.2542 1.400
CA-CA (connecting two rings) 322.1680 1.460
CA-H(CA) 307.1056 1.080
W — — — (83
Tab. S3 Interaction Angle Terms

Angle Type &+_ [= 5)

(kcal/mol/rad) (deg.)

CA-CT-H(CT) 292.880 109.5
CT-CA-N 585.760 115.5
CA-N-CA 585.760 117.0
N-CA-CA 585.760 124.0
CA-CA-CA 527.184 120.0
N-CA-H(CA) 292.800 116.0
H(CT)-CT-H(CT) 276.144 107.8
CA-CA-H(CA) 292.800 120.0
N-CA-N 585.760 129.1
@ %00 B 0 AI[O ,wherg % p YT1J (S4)

Tab. S4 Interaction Torsional Terms

Co C1 Cc2 C3 C4 C5

Torsion Type  calmol)  (kcal/mol)  (kcalimol)  (kcal/mol)  (kcal/mol)  (kcal/mol)
CA-CA-CA-CA  30.334 0.0 -30.334 0.0 0.0 0.0
CA-N-CA-CA  30.334 0.0 -30.334 0.0 0.0 0.0
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N-CA-CA-CA 7.079 0.0 -7.079 0.0 0.1 0.0
(T1)
CA-CA-CA-N
(T2) 9.079 0.0 -9.079 -0.1 0.0 0.0
@ : -Q, : (S5)
Tab. S5 Improper Dihedral Angles
Torsion Type , C
(deg.) (kcal/mol/rad)
CA-CA-CA-CA 180.0 10.460
H(CA)-CA-CA-CA 180.0 10.460
N-CA-CA-CA 180.0 10.460
CA-N-N-CT 180.0 10.460
T T T T
80 I-(A) DFT — 1 80 I-(C) DFT — ]
a S Tuned —- ", an % Tuned —
§ 60 - OPLS-AA . 1 '8 60f OPLS-AA - ]
£ 3 : E :
2 40F 4 2 a0t : .
a =
> -

-180 -90 0 90 180

Ur» (kJ mol ')
Ut (kJ molt)

@12 (deg) @72 (deg)

Figure S2. Torsional energy profiles for the indicated dihedral anglesand3 . Solid
lines represent the DFT calculatisat PBEQ6-311G* level. Daskd lines represent energy
profiles obtained from OPL&A parameters, while dasd dotted lines represent energy
profiles obtained from the tuned parameters.



WILEY-VCH
2. Additional Analysis

2.1 Crystalline System of B4PyPTZ

The crystalline structure of B4APYPTZ has been reported by Kido amebi@s® and is
currently available as crystallographic data in the Cambridge Crystallogf@pta Center as
publication no. CCD€1030701. In particular, the unit cell of B4APyPTZ has been found to be
monoclinic belonging the space group 182 The lattice constants =26.845(6),
b=17.1582(4), 26.621(6) A and =90°1 =98.68° and =90° In Figure 8, the

chemical structure of B4PyPTZ is reported.

Figure S3. Chemical structure of the B4PyPTZ molecule.

By replicating the unit cell of B4PyPTZ, a crystal slab counting 128 molecules was built. In
particular, the replicated structure coum@scolumns each one composed of 16 stacked
molecules, as showin FigureS4. The energy othereplicated structure haseen minimized

by usinga steepestiescent algorithm (5000 steps). Then, the minimized configuration was
used as initial configuration for a short MD simulation in NVT ensemble (10 ns). After a short
NPT equilibration, a long NPT production run has beerfqggmed. The mass density has
been registered during the simulati@nd itstime behavior is reported in Figuré.SThe
average mass density (1278 kgyrfrom MD simulation underestimates the experimental
density®’ of about-3.1%. Likewise, the lattice constants are slightly overestin@te.9%)

even if the crystallinetaucture iswell preserved.
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Figure $4. Lateral and top view of the replicated B4PyPTZ system. The unit cell (in blue) is

over imposed on molecules.
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Figure Sb. Mass density for the crystalline system of B4APyPTZ simulated a298

In Figure %, the comparison of Xay spectrum calculated from the equilibrium configuration
from MD and for the replicated initial configuration is reported. iA€an be seen, the
equilibrium structure from MD simulatioretainsthe main characteristics of the exipgental
crystal, such as the positiofithe main peaks arttie spacing betweethem
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Figure $6. X-Ray of B4PyPTZ (A) spectra computed from long NPT r¢h00 ns) (B)
Experimental®! The profiles have been calculated by using CSD Mercury 2.0"¢ode.

2.2Thin Film Preparation

CrystallineB4PyPTZcoordinatesvereused to build BPyMPM systeminitial coordinates of

B4 molecules are obtained starting from those of B4PyPTZ molecules in the crystalline
structure via superposition of the corresponding atoms. The atoms selected for the
superposition are indicated in panel A of FigBie The superition is achieved by rigid
rotation of the B4 molecules on the B4PyPTZ in the crystalline lattice. In particular, the
generated structure must minimize the fomansquare deviation (RMSD) between
BPYyMPM and B4PyPTZ sites. To superimpose the two sets afordinates we adopt the
quaternions method reported by KearstéyPanel B of FigureS7 shows the schematic
procedurein which a single column oB4PyPTZ molecule is converted i column of
B4PyMPM. In total, 128 molecules have been replagedhe whole system. The same
procedure is applied also for B2 molecules. The energy divingenerated systerhas been
minimized by performing 500 steps of steepdstcent algorithm. Then, a short NVT

simulation (25 ns) has been performed before a production run (100 ns) in NPT ensemble.
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B4PyPTZ
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B4PyPTZ

Figure S7. (A) Definition of the substitution sites, indicated as red shaded squares, for the B4
and B molecules. (BScheme of the substitution procedure. In the scheme a column made of
B4PyPTZ molecules is converted B2 and B4, respectivelylhen, final systems (each one

composed of 128 molecules) are generated.
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Figure S8 Time behavior of mass density for thelk systemsB4 (black circle) and B2

(red open circlg).



WILEY-VCH
2.3 Hydrogen BondgtBonds) adoptedCriteriaand additional analysis

2.3.1 HBond searching criteria. Hydrogen londs are searched and counted whe&a
geometrical conditions agmultaneouslysatisfied. The first condition is about the distance
between the acceptors (A) and the donor (D) which must be shorter thanfadistancer..
The second condition is about the angle described by the acbggrogendonor, — :
thatmust bearger than a cubff value (— ). The current literature prescriptisnggests
as cutoff value$” r=0.3nm and— = 120°. However, because the systems we
investigated is made of molecules in solid phase, we have tested differ@fit aitesto

verify the correct applicability of thgrescribed ones.

10 - T
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Figure $9. Number of HBondspermolecule calculated for different distancand—

As can be seen from the plot in Figui® e usual values of= 0.3 nm and— =120°
give reasonable results in terms oBldnds permolecule. Considering that each molecule has
4 nitrogen atoms that could act asceptors, foadistancer larger than 0.3 nm the number of
H-Bonds is inconsistenwith that inspected by visualizing theonfigurations.Similarly, for

— larger than 120°, the number ofBbnds/molecule drastically dreglown to< 0.,
which is in contrast with the experimental evidence ofBdrd network” For this reasons,

we eventually adopted the values proposed in refeféince

2.3.2 intra- inter-layer H-Bonds. The criteria to identifyintra- and interlayer H-Bonds is
based on a geometrical distanifethe distance (along normal directignbetween donor (D)
and the acceptor (A) is lower than the-offt distance of 0.2 nm, the-Bond is counted as

intraclayer. Instead, for distance-® larger than 0.2 nm, the-Bond is counted aster-layer.
10
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The cutoff distance has been determined by sidering the average lay&yer distance
computed via density profile. In Figurd@ a scheme illustrating the distance between two
layers and the number density profile calculated on the B4APyMPM (film system) are reported.
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Figure S10. (top panel) scbme to show the cdff distance between two layers. (bottom
panel) Number density profile calculated along the normal direction of the layers. The density
profile has been calculated averaging the last 35 ns of the production run. Only carbon atoms

(CA) have been considered.

Table S6.Intra- end interlayer HBond/molecule.

Total No. H-Bond/molecule H-Bond/molecule
System ) )
H-Bond/molecule intra -layer (xy) inter-layer (2)
B4 2.42° 0.21 2.25° 0.24 0.17° 0.17
B2 1.49° 0.23 0.99° 0.18 0.5°0.31

In TableS7, the intra and interlayer HBsare listed We have found that the B4 molecules
prefer to form intrdayer HBs (~94%), as reported in Tab&6. Only the ~6% of the HBs are
formed perpendicularly to the layers (z direction). Differently, tRen®lecule form ~ 70%

of the HBs intraayer, but a significant ~30% of the total number of HB/molecules is formed
between layers (in z direction). This result is a further confirmation of the fact that B4
molecules form, favourably, HBs in 2D dimensio@s26 HB/molecule intrdayer) with the

respect to the B2 (~1 HB/molecule integyer).

11
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2.3.3 Hydrogens atoms involved in the HBond formation. Another important difference
between the HBs formed by B4 and B2 molecules is about the hydrogen atoms involved
preferentially, in the HB formation. Following the reviewer suggestion, we tried to identify
which hydrogens are more involved in the HB/molecule. To this aim, according to their
position in the chemical structure of the B4 or B2 molecules, we identtire@ different
hydrogen types: A, B, and C. In Figu®7, a scheme illustrating the hydrogen type
assignment, for both molecules B4 and B2, is reported. In particular, the hydrogens of type A
(in blue) belong the external aryl rings (rings 4,5,6,7 irufg&7), the B type hydrogens (in
green) are connected to aryl rings 2 and 3 shown in the of F&guend the C type hydrogen
(black) is bonded to the central ring (ring 1 in FigBik.

Figure S11. Assignment of A, B and C Hydrogen types for theadl B2 molecules.

According to the scheme reported in the figure, we computed the total, and partials (for each
hydrogen type), numbers of HB/molecule. In Tald& the results are listed for both
molecules.

As general behaviour, for both molecules tlyelrbgens of type A are the most involved in

the HB formation. In the case of B4, almost 81% of HBs are formed with hydrogens of type A
(the most external), while ~ 17% of HBs are formed by the B type hydrogens. Only a residual
2% is accountable to the Cpiy. Differently, in the case of B2 molecule, the type A
hydrogens are found to form ~ 70% of the HBs (10% lower than B4), while, for the
hydrogens of type B the percentage increased from 17% (in case of B4) to 29%. This is
mainly due to the fact that hydgens of type B, in the B2 molecule, have a higher accessible
volume with respect to the same hydrogens in the B4 molecules (see the hydrogens between
the rings 4, 5 and 6, 7 in the scheme of Figure A2). Lastly, also for the B2 molecule, the C

type hydrogershows a residual .3 %.

12
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Table S7.Total and partial FBonds/molecule.

Total No. No. of H-Bond/molecule
System
H-Bond/molecule Type A Type B Type C
B4 2.42° 0.21 1.95° 0.09 0.42° 0.11 0.05° 0.18
B2 1.49° 0.23 1.04° 0.13 0.43° 0.28 0.02° 0.2

2 4 Additional Analysis on bulk and molecular structures

Figure S12. (A) top view of B4PyMPM molecules lying in a plane. The red beads represent
the hydrogen atom bonded to the central pyrimidine ring. On the right of the same panel, only
hydrogens position, for subsequent layers, are reported. The green lines are repootdd on b
snapshots as eye guide to highlight hexagonal packing. (B) lateral viavsaition ofthe
B4PyMPM system. Red Beads have the same meaningtespanel A.
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Figure S13. Distribution of dihedral angles (A) and3 (B). The distributions have been
calculated by sampling all 128 molecules in each system. The last 50 ns of production runs of
the systems (vacuum/film interface) have been considered.
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Figure S14. Distribution ofinertia momentum calculated for B4 (bkaline) and B2 (red line).

As can be seen from Figure S12, the calculated inertia momentum confirms that both
molecules are very similar. In particular, the molecular shape of B4 and B2 is almost
coincident, as can be seen from the position of the miestse peak. Only a small difference
between the width of the distributions at higher values of the inertia momentum is found.

2.5 Additional Charge Transport Calculations

Figure S15: Scatter plot of the intramolecular contributio® () to electron affinities,
calculated on 11 different samples for B2 and B4 systems.
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