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ABSTRACT

The control over aggregation pathways is a key requirement for present and future technologies,
as it can provide access to a variety of sophisticated structures with unique functional properties.
In the present work we demonstrate an unprecedented control over the supramolecular self-
assembly of a semiconductive material — based on a naphthalenediimide (NDI) core
functionalized with phenyl-thiophene moieties at the imide termini (ThPh-NDI) — by trapping the
molecules into different arrangements depending on the crystallization conditions. The control of
the solvent evaporation rate enables to grow highly elaborate hierarchical self-assembled
structures: either in an energy-minimum thermodynamic state when the solvent is slowly
evaporated forming needles shaped crystals (polymorph a), or in a local energy-minimum state
when the solvent is rapidly evaporated leading to the formation of nanofibers (polymorph f3).
The exceptional persistence of the kinetically trapped B form allowed the study and comparison
of its characteristics with that of the stable a form, revealing the importance of molecular
aggregation geometry on functional properties. Intriguingly, we found that compared to the
thermodynamically stable a phase, characterized by a J-type aggregation, the § phase exhibits: 1)
an unusual strong blue shift of the emission from the charge transfer state responsible of the
solid-state luminescent enhancement (SSE), ii) a higher work function with a “rigid shift” of the
electronic levels, as shown by kelvin probe force microscopy and cyclic voltammetry
measurements and 1ii) a superior FET mobility in agreement with a H-type aggregation as
indicated by X-ray analysis and theoretical calculations.



INTRODUCTION

Supramolecular self-assembly of n-systems driven by non-covalent interactions has gained an
increasing interest in interdisciplinary research areas, ranging from organic electronic to biology,
as a bottom up approach to create novel nano- and microstructures with a programmed geometry
and tailored physicochemical properties.'® The possibility of integrating these self-organized
supramolecular architectures directly into electronic devices is an even more important challenge
for the development of modern nanotechnology.”'® For these reasons determining the factors
that regulate/influence self-assembly has become increasingly important to direct the process
itself.'"'* Typically, the control over self-assembly relies on molecular engineering by the
rational introduction of selected functionalities/building blocks, that drive and control molecular
recognition through specific weak interactions leading to the formation of supramolecular

. . 13,14
assemblies under thermodynamic control.'

However, the outcome of aggregation processes is
also dependent on ‘environmental factors’, indeed it is well known that even a small variation in
the experimental conditions may alter the subtle balance among the different attractive/repulsive

forces inducing structural modifications in the final assemblies.'>?

This allows to strategically
expand the usefulness of the molecules by obtaining from a single species a wide range of
materials with distinct molecular arrangements, namely polymorphs, thus achieving a dynamic
tuning of their solid state properties.”> In this context, kinetic factors must be considered to
further expand and control the self-assembly process, hence shedding light on the interplay
between thermodynamics and kinetics can provide novel routes towards tailoring molecular
structure formation. In this work we demonstrate the importance of kinetic effects in modulating

the self-assembly characteristics of a Naphthalene diimides derivative (NDI) — a member

belonging to a broader class of compounds called rylenes known as promising candidates for
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organic electronics applications®®

that enable a precise and reproducible control over material
properties and functions. We found that depending on the temperature of the substrate employed
during the deposition process, it is possible to selectively and reproducibly prepare two different
polymorphic one-dimensional (1D) nanostructures: needle shaped crystals, the polymorph
confined in the lowest energy thermodynamic equilibrium state (polymorph o), and nanofibers,
the polymorph kinetically trapped in a local minimum of the energetic landscape (polymorph [3).
Owing to the capability of performing a suitable polymorph selection, the two nanostructures
were analyzed in depth by different techniques: UV-vis and photoluminescence spectroscopy,
Differential Scanning Calorimetry (DSC), Cyclic Voltammetry (CV) and Kelvin Probe Force
Microscopy (KPFM). We demonstrate that the different optical, electronic and charge transport
properties between the two polymorphs are determined by their different molecular packing at
the molecular scale, either J- or H-type, as indicated by X-ray analysis and theoretical
calculations. Moreover, we show that the kinetically trapped P phase can be successfully
employed for fabricating air-stable OFET devices thanks to its persistence, i.e. it resides stably in
its local energy minimum preventing phase transitions for a time-length exceeding the lifetime of

the device itself, and its superior performances compared to the thermodynamic one.

RESULTS AND DISCUSSION

Polymorphic nanostructures formation. The NDI-thiophene derivative (ThPh-NDI) was
synthesized according to scheme S1 (see SI). Compared to the procedures described in the

literature for this family of compounds,**>°

the implementation of microwave irradiation in the
condensation step — between naphthalene-1,4,5,8-tetracarboxylic dianhydride and the amine

derivative — ensured a drastic increase in the yield and a concomitant reduction in reaction time,



from hours to minutes. Polymorphic nanostructures are grown by dissolving ThPh-NDI in DMF
(~ 10 M) at a temperature of about 40°C to favor its complete dissolution, given the tendency to
self-aggregate despite the presence of solubilizing alkyl chains, and by drop casting the solution
onto a substrate placed on a hot plate kept at a constant temperature (Fig. 1). Thermal analysis
show that ThPh-NDI, in both polymorphic forms, is thermally stable and decomposes only at
temperature higher than 300°C (Fig. S1). Depending on the temperature at which the substrate is
held, the aggregation pathway changes and the two nanostructures can be reproducibly grown in
different substrates with a high phase purity. As shown in Figure 1, setting the temperature of the
substrate below 40°C leads to a slow evaporation of the DMF solution of ThPh-NDI, bringing
about the formation of needle shaped crystals, namely polymorph a. Instead, a rapid evaporation
of the DMF solution induced by maintaining the temperature of the substrate above 150°C, a
temperature close to the solvent boiling point, bring about the formation of longer and thinner
crystalline nanofibers, namely polymorph . While slow evaporation conditions allow for a
complete equilibration leading to the formation of the thermodynamic polymorph, i.e. the one
residing in the energy minimum, fast evaporation allows to kinetically trap the system in a local
energy minimum. i.e. forming a metastable polymorph. In the latter case, according to Ostwald’s
step rules, the high degree of supersaturation achieved reduces the possibility of converting the
metastable form nucleating first into the more thermodynamically stable form through solution-
mediated transformation.’’ In agreement, the two forms display different solubility at room
temperature in DMF; indeed, while polymorph ais scarcely soluble remaining almost
undissolved, polymorph 3 shows a marked solubility typical of metastable forms (AG 4, p > 0)
being completely dissolved. Optical photomicrographs well illustrate the different crystal

morphology of the two forms: polymorph o shows a short prismatic crystalline habit, with



individual crystals less than 200 micrometers in length and comparable width and thickness (Fig.
1A-C and Fig. S3), while polymorph [ displays an extremely large aspect ratio with millimetric
length and sub-micrometric width and thickness (Fig. 1D-F and Fig. S4). AFM images confirm
that the fibrous crystals of polymorph B possess a height of about 70 nm and a width of 500 nm,
while the crystals of polymorph o present a height of 400 nm and a width of 600 nm (Fig. S5 and
S6). Furthermore, both nanostructures show a strong birefringence, as observed by polarizing
optical microphotographs, indicatives of a high degree of anisotropy (Fig 1B, E) and an intense

red emission as evidenced by fluorescence images (Fig. 1C, F).
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Figure 1. Schematic representation of polymorphs preparation. Needles shaped crystals (A-C) or
crystalline nanofibers (D-F) are formed by deposition of a hot DMF solution of ThPh-NDI onto
a substrate held at a temperature of 40 °C (needles) or 150 °C (nanofibers). Optical microscope
images of the two polymorphs under bright field (A, D), cross polarizers (B, E) light illumination
and epifluorescence (C, F). Scale bar 10 pm.



DSC analysis performed on both polymorphs suggest that they are monotropically related to
one another, given that both polymorphs do not show phase transitions along the entire
temperature range up to their melting temperature (Fig. S2). Furthermore, X-ray diffraction
analysis indicate that even after 4 years no interconversion between the two forms is observed,
thus highlighting that the f polymorph is kinetically trapped and for this reason an appealing

system for manufacturing devices with a high operational stability.

Structural characterization. X-ray analysis was performed to elucidate the nature of the
exceedingly different morphologies obtained by simply changing the temperature of
crystallization. X-ray diffraction (XRD) analysis of thin films of the two nanostructures confirm
their high crystallinity and point out the difference between the two phases, as shown by the
different diffraction patterns (Fig. 2Aa,c). Both forms were submitted to single crystal
investigations succeeding only in the determination of the structure of the a form, since none of
the fibers of the B form gave convergent results. We found that the crystal of polymorph a is
described by a monoclinic cell P2i/c with parameters: a = 17.017(2) A, b = 5.2780(10) A, ¢ =
21.489(3) A and B = 103.01(1)° with only half molecule in the asymmetric unit centered on the
inversion center (full description of the structure in SI, Table S1, Fig. S7 and S8). As a
consequence, the molecular conformation is centrosymmetric with phenyl and thiophene rings
lying on the same plane but rotated by 81° respect to the NDI unit, and the alkyl chains in a
planar extended conformation. As shown in Figure 2Ba-b, NDI cores present a m-stack
interaction with distances of 3.47 A, although the centroid are 3.95 A slipped apart, with a slip
angle of 41.8° characteristic of a J-type arrangement commonly observed in many examples of

32-37

self-assembled structures based on NDI derivatives. The molecular arrangement is

characterized by columnar stacks in the direction of the b axis (Fig. S9). NDI cores of adjacent



columns are equally oriented respect to the @,c plane moving along the a-axis direction, but they
are inclined in opposite directions moving along the ¢ axis (Fig. S9 and S10). Moreover, the
rows of columns are interdigitated with the alkyl side chains residing between the NDI cores
(Fig. 2Bc). The crystallographic data of polymorph o were used to calculate the powder
diffraction profile that better reproduces the experimental one, in order to find the molecular
directions respect to the substrate. In Figure 2Ab is reported the pattern calculated in the
hypothesis that the (/ 0 0) and (-1 0 2) planes are preferentially oriented parallel to the surface,
whose sharp reflections are equal to those of the XRD pattern in thin film (Fig. 2Aa). The
corresponding molecular arrangement is shown in Figure 2Bc in which the molecules do not lie
flat on the substrate but are inclined from 15° (-1 0 2 plane) up to 50° (/ 0 0 plane) respect to it.
On the other hand, the XRD pattern of the polymorph B shows a profile completely different
from that obtained for the a-form with very sharp reflections at angular positions not compatible
with the crystal structure of the polymorph o (Fig. 2Ac and inset). In particular, the presence of a
reflection at 20 = 2.42° with a periodicity of 3.6 nm suggests that in polymorph 3 the molecules
are almost parallel to one of the main axis of the unit cell, being the molecular length of about
3.8 nm. This analysis and photophysical properties suggest a disposition of the molecules in a
more tightly-packed and overlapped arrangement with a bigger slip angle and a scarce molecular
interdigitation (Fig. 2Cc). This may result in the formation of an H-type aggregate, characterized
by a higher angle between the molecular centroids (i.e., > 54.7°).***" A possible molecular

arrangement is graphically sketched in Figure 2Cb.
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Figure 2. A) XRD patterns: of needles shaped crystals obtained by drop casting at 40°C (a) and
calculated from the structure of the single crystal with preferential orientation (/ 0 0) and (-1 0 2)
parallel to the surface, Miller indexes of the main reflections are reported (b); of nanofibers
obtained by drop casting at 150°C (c). An expanded view of the small angle region is shown in
the inset. B) Distances (a) and angles (b) between adjacent molecules in the a form; ¢) molecular
assemblies on a substrate with (-/ 0 2) or to (/ 0 0) parallel to the substrate; C) Sketch of the
molecular distances (a) and angles (b) between close molecules in the  form; (c) sketch showing
possible molecular assemblies on a substrate.

In order to get more quantitative indications about the molecular arrangement of polymorph f3,
DFT calculations have been carried out to estimate the most energetically-favored slip angle

between the individual molecules forming the suggested tightly-packed stacked columns of



polymorph B. The columnar packing was fully optimized at the M06 level of theory in vacuum,
as a 1D periodic system, using periodic boundary conditions (PBC) with a single translation
vector. The predicted slip angle between the single molecules within the column is 60.6°,
characteristic of a H-type arrangement (Fig. 3). Interestingly, the ThPh-NDI units do not form a
perfectly orthogonal column of molecules, but a tilt angle of 79.8° is observed along the
principal axis of the NDI moiety (Fig. S11). In order to consider possible spurious effects due to
the basis set superimposition error,"' counterpoise correction have been considered on model
systems based on the corresponding ThPh-NDI dimers and trimers (Table S2).*** In any case,

no substantial effects were detected and a slip angle of 61° = 1° can be safely assumed for the

columnar packing of polymorph B, strongly validating the hypothesis of a H-type aggregate.

wd

Figure 3. Packing geometry of polymorph [ optimized by DFT calculations (assuming a 1D
columnar system, using periodic boundary conditions). The relevant structural parameters (i.e.,
molecular distances and angles) are reported.
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Photophysical characterization. ThPh-NDI was characterized in diluted solution, as a
dispersion in PMMA and as a solid thin film of both polymorphic nanostructures. The room-
temperature absorption spectrum of ThPh-NDI as a diluted solution in air-equilibrated DMF
(Fig. 4B), presents the typical absorption features of most N, N-disubstituted naphtalenediimide
dyes, with a vibronically resolved band in the region between 300-400 nm.***> As we argue in
detail in the SI (pag. S—20-21), this band corresponds to a m—n* transition centered on the NDI
core and attributed to Sp — S3 excitation according to theoretical calculations (Table S3, Fig.
S12). Moreover, ThPh-NDI displays an extremely weak emission with a photoluminescence
quantum yield (PLQY) around 5- 107> that can be ascribed to emission from the S; excited state
(Fig. S14).

In thin solid films grown on a quartz substrate, where both polymorphic nanostructures can be
prepared and analyzed independently, the o and B forms display absorption spectra which are
broadened and slightly red shifted respect to the solution with a series of weak bands extending
to over 400 nm (Fig. 4A). Furthermore, the absorption spectra of the two different nanostructures
are rather similar, suggesting a comparable HOMO-LUMO energy gap. However, the different
electronic interaction in the two crystalline arrangements induces a change in the vibronic
progression of the m—n* transition centered on the NDI core determining a difference in the
relative intensity of the peaks. According to Spano et al.,***" these modifications are diagnostic
of the exciton bandwidth and provide an effective way to distinguish J- from H-type aggregates.
In particular, the ratio of the oscillator strength of the first two vibronic peaks in the absorption
spectrum (I°%xbs/I°" Aps) increases for J-type and decreases for H-type aggregates with exciton

IO—O

bandwidth. Extending this concept to the present case, it is evident that the abs/I% ! Abs Tatio s

higher for the needles (o) in agreement with the J-type 7 stacking motif among the NDI units as
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evidenced by the single crystal structure determination, whereas it decreases drastically for the

nanofibers (), where the 0-1 transition band is dominant, pointing to an H-type arrangement as

previously suggested by XRD powder diffraction measurements and theoretical calculations.

Most interestingly, the self-assembly profoundly affects the photoluminescence properties of

this material inducing an intense solid-state luminescent enhancement (SSE). Indeed, while

ThPh-NDI is virtually not emissive in diluted solution, thin films of both ThPh-NDI

polymorphs display an intense double luminescence with two distinct bands: a high energy one,

common to both forms and centered at 450 nm, and a second band observed at lower energy with

an emission maximum at 650 nm and 750 nm, for the nanofibers (f) and needles (o)

respectively.

Normalized Absorption

S s Needles () B[
—_———t Nanofibers (B)
2
<
300 400 A (nm)
.\‘ ‘/‘/v . .\‘\‘\
T 'l ! ‘ M X
200 300 400 500 600 700 800

Wavelength (nm)

Photoluminescence (a.u.)

Figure 4. A) Absorption (full line) and emission (dotted line) spectra of thin films of polymorph
380 nm. B) Absorption spectra of ThPh-NDI in DMF solution

o (blue) and B (red). Aexc
(black).
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To better understand the origin of this double luminescence and SSE effect, we recorded the
emission spectra of ThPh-NDI as a dispersion in PMMA at increasing concentrations. We
observed that at low concentration (1% w/w) the emission spectrum is dominated by a single
structured band with a maximum at 450 nm, while at higher concentration (>3% w/w) a second
emission band at lower energy appears, with an intensity which is proportional to the ThPh-NDI
concentration in the film (Figure S15). The structured emission at 450 nm is attributed to the -
n* state centered on the NDI core (as observed in diluted solutions of ThPh-NDI) while the
broad and unstructured emission at lower energy appears to originate from an intermolecular
interaction between neighboring ThPh-NDI molecules. Indeed, the low energy emission band is
very sensitive to the different packing between the two nanostructures (i.e., a red shift of more
than 0.25 eV is observed passing from the  to the a form). The great sensitivity of the emission
to the molecular packing is tentatively attributed to the presence of charge-transfer states, similar
to those discussed in detail in the SI for the diluted solution. The intermolecular interaction that
gives origin to the charge transfer state seems to be present already in the ground state as a result
of the closeness of packing of ThPh-NDI molecules, making the low energy luminescence not

imputable to an excimer-like emission as often reported in literature.*®”!

Indeed, excitation-
emission maps (Fig. S16), recorded in thin films of both nanostructures, show that the relative
intensity of the two emission bands change by changing the excitation wavelength thus ruling out
an excimer type luminescence. As a consequence, the ratio between the area of the two emission
bands is a rough quantitative indication of the degree of intermolecular coupling present in the
ground state of the two different polymorphic forms. The larger area of the 650 nm band

compared to that at 450 nm in the emission spectra of polymorph B support the hypothesis of an

H-type aggregation geometry that favors a higher degree of n—n stacking between the individual
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molecules. In agreement, a blue shift of almost 100 nm is observed in the maximum of the
luminescence band at longer wavelength in the 3 polymorph. Fluorescent H-aggregates of rylene
dyes (NDIs, PDIs and others) are uncommon,’ and to the best of our knowledge this is the first
report of two nanostructured polymorphs of an NDI derivative with such markedly different
photophysical properties. It is also important to note that polymorphic forms exhibiting solid-
state fluorescence in the red and near IR with such a large difference in the emission wavelength

are quite rare and intensely sought after for biomedical applications.

Electrochemical characterization. The electrochemical redox properties of ThPh-NDI in
solution and as polymorphic nanostructures were investigated by cyclic voltammetry (Table S4).
In solution, ThPh-NDI (Fig. S17) shows two quasi-reversible one-electron reduction waves,
with onset at -0.54 V and -0.97 V vs. SCE, corresponding to the sequential reduction of the NDI
moiety to the radical anion and dianion. Moreover, an irreversible oxidation wave, with the onset
potential at 1.5 V, is detected. This relatively low oxidation potential is uncommon for NDIs
without electron-donating substituents at the core.” However, it can be rationalized considering
that the phenyl-thiophene moieties at the imide termini provide relatively high HOMO and
HOMO-1 to the molecule. In agreement, DFT calculations estimate the first oxidation process to
take place at 1.62 V vs. SCE and clearly indicate that it is centered on the phenyl-thiophene
substituents, as shown by the spin-density distribution calculated for the corresponding radical
cation of ThPh-NDI (Fig. S13). Upon oxidation, the phenyl and thiophene rings become almost
coplanar with a shortening of the bond distance from 1.46 to 1.44 A, while their dihedral angle
respect to the NDI plane decreases from 75.4° to 64.9°.

On the other hand, in the solid state, both polymorphic nanostructures exhibit a higher

oxidation potential (> 1.5 V), probably due to the lack of solvation effects and to the presence of
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strong m-m interactions limiting structural rearrangements of the molecule that occur upon
oxidation (see above). Additionally, a quasi-reversible bi-electronic reduction wave at onset
potentials of -0.95 V for polymorph a and -0.75 V for polymorph B indicate a greater
stabilization of the LUMO energy level (i.e. a greater electron affinity) for polymorph B (Fig.

5A).

A 40x10%-

Nanofibers
(B)

L

ilA

-4,0x10™ 4

-8,0x10™ 4

-1,5 -1,0 -0,5 0,0
V/Vvs SCE

Figure 5. A) voltammograms of polymorph a (blue line) and polymorph [ (red line) growth on
an ITO substrate. B) Energetics of the two polymorphs respect to the tip work function (WF).

Kelvin Probe Force Microscopy The electronic properties of the two polymorphs were also
investigated by Kelvin Probe Force Microscopy (KPFM). The use of this technique allows to
quantify at the nanometer scale the surface work function (WF) of the material, i.e. the minimal
energy required to extract a bounded electron, that correspond to the difference between the
Fermi level of a metal, Er, and the vacuum level, Ev.”* In general, the measured values are
referred to the tip, thus we define the measured potential (CPD) as the difference of the work
function between the sample and the tip (CPD = WFgmpie — WF4p). Moreover, by illuminating
the sample with white light, we monitored in-situ the surface photovoltage (SPV) investigating

the eventual presence of dipoles at the material surface. We found that the differences in the
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molecular packing strongly affect the energetic of the two polymorphs, indeed, the
corresponding WF values show a difference amounting to WFg — WF, = 220 + 20 meV, with
polymorph B exhibiting a lower CPD and consequently a higher work function than polymorph
o.. The energetic scheme is reported in Figure 5B. As previously described, UV-vis absorption
spectra do not show remarkable differences indicating that the HOMO-LUMO energy gap of the
two polymorphs is comparable. Thus, changes in the WF values correspond to a “rigid shift” of
the electronic levels, which can be ascribed to a different charge distribution at the surface of the
two supramolecular architectures in agreement with CV measurements. This assumption is also
confirmed by measuring different SPV for the two polymorphs, i.e. the difference between the
CPD measured illuminating the sample and in dark: CPDy;ghy — CPDgark, amounting to 230 + 10
meV and 170 £ 10 meV, respectively for a (needles) and B (nanofibers) polymorphs. Moreover,
in both cases the positive SPV values as well as the lower WFs, compared to the value of the tip
used as reference, confirm the n-type character of both molecular assemblies. It is noteworthy to
underline that the measured difference in the WFs is similar to the energy shift between the
emissions maxima of the two polymorphs. This experimental evidence suggests a direct
correlation between the work function and the energy of the surface electrons. Further

investigations are planned to clarify this issue.

Field Effect Transistor. Owing to the remarkable difference in morphology and crystal
packing of the two polymorphs we investigated their charge transport characteristic using them
as the active layer in organic field-effect transistors (OFETs). OFETs were built in a bottom-
gate, bottom contact architecture: crystalline needles and fibers were simply grown randomly
without the need to exclude ambient atmosphere on interdigitated gold source and drain

microelectrodes prefabricated on an octadecyltrichlorosilane (OTS) self-assembled monolayer

16



(SAM) Si/SiO; substrate. As demonstrated by transfer in the saturation regime and output
characteristics (Fig. 6), both nanostructures unveil air stable n-channel field-effect characteristics
with saturated electron mobility, p,, up to 2.7x10% cm? V! s'l, threshold voltage 42 V and
on/off ratio 10°, in the case of the polymorph o and g, up to 5.3x10~ cm? V' s, threshold
voltage 51 V and on/off 10°, for the polymorph B. The mobility of the kinetically trapped
polymorph (nanofibers) is one order of magnitude higher than that of the thermodynamic one
(needles) this can be related to their different assembly and spatial arrangement at the molecular
level.” It has been recently reported that H-aggregates of NDIs and perylene diimides display n-
type mobilities which are between one and two orders of magnitude higher than those of the
corresponding J-aggregates.”®>® According to this, the greater mobility measured for the
nanofibers corroborates our hypothesis of their H-type arrangement. It is worth noting that the
mobility values in these systems could be largely enhanced by controlling alignment and density,
3961 however, at this stage, our main aim was to investigate the differences intrinsic to the two

nanostructures.
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Figure 6. Transfer at drain voltage Vsp = 80 V of an OFETs functionalized with OTS and based
on polymorph a (blue line) and polymorph f (red line).

CONCLUSIONS

In the present work we show that by simply changing the deposition temperature it is possible
to control the aggregation pathway of an NDI-Thiophene derivative. Indeed, two markedly
different 1D nanostructures are obtained: needles shaped crystals, grown under thermodynamic
control (polymorph o) at low temperature, and nanofibers, formed at high temperature under
kinetic control (polymorph ). The two nanostructures, which can be reproducibly grown in pure
form on different substrates, present a J- fype molecular packing in the case of polymorph a, as
confirmed by X-ray single analysis, or a H-type arrangement for polymorph 3 as suggested on
the basis of theoretical calculations and powder diffraction investigations. Moreover, both
polymorphs present an intense solid-state emission enhancement with a double emission
originating from a charge transfer state that is strongly influenced by the molecular packing.
Intriguingly, we found that the B form exhibits 1) an exceptionally high persistence, ii) a lower
HOMO and LUMO energy level and iii) superior performances in OFET devices. We believe
that this study highlights the importance of accurately screening for novel kinetically trapped
polymorphic nanostructures, also for well-known materials. Indeed, novel polymorphic forms,
even if metastable, can be persistent in their local energy minimum for a period that greatly
exceed the lifetime of a device and show better performances for a given application. Research in
this field is expected to open the door to the preparation of a wide variety of new architectures,
even from already investigated moieties, with unpredictable emergent properties and

applications.
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EXPERIMENTAL SECTION

See SI for full synthetic details and characterizations. TGA, DSC, photophysical data, AFM,
optical microscope images, additional electrochemical and computational data.
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