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A centrosymmetric fused polyheteroaromatic system, namely 7-azaindolo[2,3-h]α-carboline has been synthesized. The pentacyclic structure includes 

rationally located hydrogen bond donor and hydrogen bond acceptor sites to induce its self-assembly. The molecular units associate forming an extended 

monodimensional arrangement that further self-organizes through π-stacking. The optical, electrochemical, X-ray diffraction, computational and electronic 

characterization in organic field effect transistors proves the utility of hydrogen bond-directed self-assembly as strategy to enhance edge-to-edge 

interactions and orbital overlap that contribute to the charge transport properties in π-conjugated systems.   

Introduction 

Conjugated systems with a π-extended structure have gained much attention due to their utility as semiconductors for the 

fabrication of future generations of electronic devices.
1-10

 The synthesis of fused polyaromatic and polyheteroaromatic 

molecules actively contributes to the progress of this topic by supplying a countless variety of materials seeking for an 

optimization of the required optical, electronic and morphological properties.
11, 12

 A compromise between these three features 

will ultimately determine the ability of organic materials to transport charge carriers. The molecular structure has a remarkable 

influence on the semiconducting properties of the materials processed as solid thin-films. In this regard, charge transport in 

organic semiconductors follows an intermolecular hopping mechanism which, according to the semiclassical theory of electron 

transfer, depends on the orbital overlap and the reorganization energy.
13-15

 In turn, these parameters can be modulated by 

adequate synthetic modifications on the conjugated molecules. Accordingly, a deeper knowledge about the correlation between 

molecular structure, solid state arrangement and charge transport currently represents one of the important objectives that 

could contribute to the design of better organic materials. Extensive work has been particularly done to find structure-property 

connections between the solid state packing and the charge transport properties.
16, 17

 Some packing patterns have been more 

commonly observed in polyaromatic and polyheteroaromatic systems (herringbone, cofacial columnar stacking, slipped-stacking 

and brick layer packing) (Fig. 1). Herringbone structure has revealed as an excellent molecular arrangement since very high 

charge mobilities have been reported in OFETs where the semiconductor adopted this packing.
18, 19

 This is attributed to the right 

orientation of the molecules on the substrate that enables a 2D transport parallel to the substrate surface.
20

 The herringbone 

pattern is frequently observed in acenes and heteroacenes.
21, 22

 Nevertheless, the relative orientation of the molecules in a 

herringbone packing causes displacements along their short axis resulting in a reduced π-π stacking. Since it has been 

demonstrated that maximization of face-to-face interactions improves charge transport, continuous efforts have been done with 

the aim of enhancing π-π stacking in fused polyaromatic molecules.
23

 Generally, the other three mentioned packing modes show 

larger surface overlap. In the case of the columnar arrangement, whereas the cofacial packing will improve charge transport 

within the columns, this can accentuate the transport anisotropy. Therefore, charge hopping between adjacent columns will 

depend on the intermolecular electronic coupling in that particular direction, which can be conditioned by the tilt between 

neighbor columns. Alternatively, when molecules order in parallel planes the slipped-stacking and bricklayer modes are defined. 

These two packing configurations are normally characterized by the relative shift between parallel layers. Again, the transport 

out of the stacking direction is usually hindered. In any case, it is important to realize that, for an overall analysis of the crystal 



 

 

packing in polyaromatic systems, the packing mode should be observed along the short and long axis of the molecule, since 

different packing patterns could be adopted depending on the orientation of the molecule.  

 

Fig. 1 Frequent packing modes observed in molecular crystals. Arrows represent the possible directions for charge transport. 

The synthetic strategies that have been followed to explore the modulation of π-π interactions basically consist in the 

peripheral functionalization of the acene or heteroacene cores.
24-31

 Nevertheless, the driving force for the solid state packing in 

these molecules will mainly be due to very weak π-π interactions,
32

 with the assistance of sulphur-sulphur interactions in the 

case of the thienoacene derivatives.
33, 34

 The weakness of these interactions makes it very difficult to control and/or predict the 

packing mode from the molecular structure, with minor structural changes sometimes leading to packing modes difficult to 

anticipate. Currently, the research in computational chemistry explores different methods that can be used to explain the 

correlation between molecular structure, crystal packing, supramolecular interactions and charge transport parameters.
35-38

 

However the combination of so many different features and the weak dispersive character of the interactions governing the solid 

state arrangement of π-conjugated systems limit the predictive ability of the theoretical procedures so far. In this context, it 

might be worth considering that if stronger non-covalent interactions such as hydrogen bonding could intervene, this would 

induce a higher degree of organization by the strategic location of interacting sites in the molecules. Subsequently, this approach 

could lead to more stable solid structures by spontaneous self-assembly.
39, 40

 Although this concept is ubiquitous in the 

organization of biological systems and is exploited in the discipline of crystal engineering,
41

 it can also be valuable to further 

explore it in the area of organic electronics.
42, 43

 An approach based on the use of intramolecular hydrogen bonding has reported 

the benefits of this strategy in the planarization of conjugated systems that subsequently promotes the aggregation of coplanar 

conformers through strong π-π stacking interactions.
44

 Concerning the use of intermolecular hydrogen bond-directed assembly, 

peripheral substituents with hydrogen bonding functions are normally attached to the conjugated system to promote the self-

assembly.
45

 However, those side substituents can interfere with the charge transport process between the packed conjugated 

cores whose contact plays a key role. Alternatively, some molecules have been reported where self-assembly is directed through 

hydrogen bonds established by the conjugated system itself.
46-51

 Nevertheless, the structure of these molecules occasionally 

presents discontinuities in the conjugated structure. Based on these precedents, we report the synthesis and characterization of 

a pentacyclic system, with a fully through-conjugated structure, that has been rationally designed to self-assemble through the 

hydrogen bond donor and acceptor sites of the 7-azaindole unit. Trying to anticipate what the solid structure might look like, a 

centrosymmetric structure was defined as the synthetic objective to achieve a linear aggregation. The hydrogen-bonded 

aggregates are intended to form an expanded π-surface that will favour a secondary assembly via π-π stacking and could further 

enable the intermolecular charge transport. This conducts us to the unprecedented structure of pyrido[2,3-

b]pyrido[3',2':4,5]pyrrolo[2,3-f]indole, 2, whose nomenclature will be simplified as 7-azaindolo[2,3-h]α-carboline (Scheme 1).  

Results and discussion 

Synthesis and characterization 

The synthetic route for this molecule comprises two steps. Initially, a double N-arylation of p-phenylenediamine with 2,3-

dichloropyridine produces N,N’-bis(3-chloropyridin-2-yl)p-phenylenediamine, 1. Subsequently, two different methods have been 

used to cyclize compound 1 and obtain the pentacyclic system. Firstly, a palladium catalyzed aryl-heteroaryl cross-coupling 

reaction involving C-H and C-Cl bonds was applied.
52

 Since this required prolonged heating in a sealed tube, we also explored a 



 

 

more straightforward alternative. Thus, we used a photochemically induced double intramolecular radical nucleophilic aromatic 

substitution.
53

 This reaction proceeds smoothly, producing the same result as the above mentioned thermal treatment but in 

less than two hours. As expected, according to the geometry of compound 1, the crude solid obtained by both methods 

contained a mixture of regioisomers, namely 7-azaindolo[2,3-h]α-carboline, 2, and 7-azaindolo[3,2-g]α-carboline, 3, in 

approximately 1:1 ratio. 

 

Scheme 1 Synthesis of 7-azaindolo[2,3-h]α-carboline, 2.  

 Since our synthetic objective focused on the isolation of compound 2, considering the very low solubility of the products, the 

purification was achieved by several cycles of gradient sublimation. The less volatile fractions, which were enriched with isomer 

2, were collected, combined and resublimed until a total of five sublimation experiments to isolate 2 as a pure product (Fig. S2).  

Due to the similar aspect expected for the NMR spectra of both regioisomers, the identity of compound 2 was unequivocally 

confirmed by NOESY experiments (Fig. 2). Thus, focusing on the singlet at 8.20 ppm, ascribed to proton Hd, this peak shows 2D-

correlation with two more peaks, namely, the singlet at 11.71 ppm ascribed to the NH proton (He) and the doublet of doublets at 

8.60 ppm ascribed to proton Hc, evidencing the spatial proximity between these nuclei. As it could be inferred from the 

structures of 2 and 3, isomer 2 was the only one where the described NOE correlations could simultaneously happen. Therefore, 

the remaining NOESY signals HaHb and HbHc, in combination with the 
1
H-NMR and 

13
C-NMR data, confirmed the assignation 

of the peaks and the structure of the isolated 7-azaindolo[2,3-h]α-carboline, 2. 

 

Fig. 2 NOESY spectrum of compound 2. 

  Additionally, thermal characterization of compound 2 was carried out by thermogravimetric analysis (TGA) and differential 

scanning calorimetry (DSC) (Fig. S4). The TGA did not show any significant mass loss (5%) up to 363°C and the DSC results did not 

evidence any phase transition within the range 70-300°C, proving the thermal stability of the molecular material. 

Electronic structure 

 The electronic structure of compound 2 was determined by combining cyclic voltammetry, UV-vis spectroscopy and Density 

Functional Theory (DFT) methods (Fig. 3). Concerning the electrochemical characterization, the surface of the working electrode 

was coated by drop casting a suspension of the molecule in THF. The resulting voltammogram displayed an irreversible wave. 

Using the onset of the oxidation process (0.87 V) and a reference potential to set the energy with respect to the vacuum level, a 

HOMO energy of -5.5 eV was estimated.
54, 55

 This low lying HOMO should confer stability towards ambient oxidation on the 7-

azaindolo[2,3-h]α-carboline, 2. 

 The absorption spectrum in solution showed two intense bands at 277 nm (ε ≈ 3×10
4
 cm

-1
 M

-1
) and  344 nm (ε ≈ 7×10

4
 cm

-1
 

M
-1

), and a set of weak bands at lower energies (375-415 nm). All these bands correspond to π-π* transitions typical of the β, p 



 

 

and α bands (from higher to lower energy) defined by the Clar theory of fused polyaromatic systems.
56

 The assignment of these 

bands was additionally corroborated by computational methods using Time Dependent-DFT (TD-DFT) calculations (Fig. S5). 

Besides, the absorption spectrum in the solid state was measured for a thin film showing the red shift coming from the 

intermolecular interactions in a solid state sample. The onset of the later spectrum at 490 nm, is ascribed to the S0S1 transition, 

which is related to the energy difference between HOMO and LUMO. Thus, the LUMO energy (-3 eV) was calculated from the 

difference between the optical gap (2.5 eV) and the HOMO energy previously determined. These energies are in good agreement 

with the frontier orbitals assessed by computational methods that also showed how the distribution of HOMO and LUMO spread 

all over the conjugated structure of the molecule, benefitting charge delocalization. The emissive properties of compound 2 

were also studied by fluorescence spectroscopy. A short Stokes shift (18 nm) was observed as normally happens for polyaromatic 

molecules having a rigid structure. Moreover, a low quantum yield (5 %) was measured. 

 
Fig. 3 Characterization of 2: (a) Absorption (continuous plot) and emission (dashed plot) spectra (THF, [2]= 5×10-5 M). Solid thin film absorption (dotted plot); (b) Cyclic 

voltammetry; (c) HOMO and LUMO energies and isosurface. 

Solid state packing 

 Powder X-ray diffraction (XRD) experiments (Table S1, and Fig. S6) revealed the solid state packing of the molecule and 

confirmed the objective of inducing a hydrogen bond-directed self-assembly (Fig. 4). Compound 2 crystalizes in a triclinic lattice 

where every molecule of 7-azaindolo[2,3-h]α-carboline forms four hydrogen bonds with two neighbor molecules owing to the 

mutual interactions between the 7-azaindole units (N-H···N = 2.8 Å, distance between nitrogen atoms).
57

 

 

Fig. 4 X-ray structure of compound 2. Molecules in van der Waals contact (a); projections of molecular packing across the π-stacking direction (b). long axis (c) and short axis (d). 

 This arrangement results in an extended linear assembly where molecules are not coplanar but form very short steps 0.6 Å 

high. These steps are caused by the packing of parallel π-stacks, resembling the proposed structure for another hydrogen 

bonded molecule such as α
I
-quinacridone polymorph.

58
 Stacked molecules show an interplanar distance of 3.6 Å and present 

pitch and roll angles of 27° and 15° derived from a slight slipping of 1.4 Å and 1.3 Å along their long and short axis respectively. 

This little displacement of stacked molecules allows a significant overlap of the aromatic systems which subsequently favors 

intermolecular orbital interactions as it will be discussed later.
59

  



 

 

 

Fig. 5 Slipped-stacking view (a) across the long axis (orange lines represent hydrogen bonds) and (b) across the short axis. 

An expansion of the crystalline network shows that the molecular arrangement corresponds to a unique slipped-stacking 

since this packing mode is observed both for the projections across the long and short molecular axis. Molecules pile up in 

parallel planes forming columns. In turn, stacked molecules also remain parallel with respect to other molecules packed in 

adjacent columns. The projection of this columnar arrangement across the long axis of the 7-azaindolo[2,3-h]α-carboline 

evidences hydrogen bonds established through the 7-azaindole units that support the edge-to-edge interactions (Fig. 5a). This 

disposition is also observed for the projection of the columns across the short molecular axis where edge-to-edge (short end-to-

short end) intercolumnar interactions are established through the extreme C-H bonds (Fig. 5b).  

 Hirshfeld surfaces have been calculated to analyze the supramolecular interactions in the solid state (Fig. 6).
60,

 
61

 Accordingly, 

red spots associated to intense interactions clearly manifest on the hydrogen bond donor (NHpyrrole) and hydrogen bond acceptor 

(Npyridine) sites. Besides, white regions, corresponding to less intense interactions such as face-to-face π-π stacking, are observed 

on both sides of the plane defined by the pentacyclic system. White spots can also be detected on the short side of the molecule 

depicting the edge-to-edge interactions with molecules packed in adjacent stacks. 

 

Fig. 6 (a) Front and back views of Hirshfeld surface. 2D fingerprints: (b) H···N interactions and (c) C···C interactions. 

 The representation of the distance from the Hirshfeld surface to the external surrounding atoms vs. internal atoms gives a 

2D-fingerprint where a specific type of interaction can be displayed.
62, 63

 Regarding the interactions established by compound 2, 

the H···N hydrogen bonds cover a significant surface of the 2D-plot in a range between 2.2 Å and 0.7 Å and show the typical spike 

shape of hydrogen bonding. The C···C interactions are mainly ascribed to the π-π stacking and concentrate in a narrower range of 

distances (1.8-2.2 Å). Importantly, the greenish area centered at 1.8 Å indicates that a higher concentration of interacting points 

exists, evidencing the previously mentioned large intermolecular overlap. Moreover, the sum of the internal and external 

distances (approximately 3.6 Å) matches well the interplanar distance, previously determined by XRD, between stacked 

molecules. 

Charge transport and thin film morphology 

The charge transport in compound 2 was studied in Organic Field-Effect Transistors (OFETs) with a bottom gate-top contact 

architecture (Si/SiO2 (300 nm)/Polystyrene (33 nm)/Compound 2 (50 nm)/MoO3 (9 nm)/Ausource & drain (40 nm)) prepared by 

thermal evaporation, without any substrate heating or thin film annealing. The polystyrene layer coating the SiO2 was used to 

attenuate the possible effect of interfacial dipoles
64

 and the MoO3 interfacial layer improves hole injection from the gold 

electrode into a semiconductor with a low lying HOMO, such as compound 2.
65, 66

 A hole mobility of 1.3×10
-3

 cm
2
V

-1
s

-1
 was 

extracted from the transfer characteristics (Fig. 7).  



 

 

 

Fig. 7 (a) Output (VG= 0 to -60V; step -10V) and (b) transfer characteristics of the OFETs fabricated with compound 2. 

The AFM images of the organic semiconducting thin film showed that it was constituted by tangled fibers and it had a root 

mean square (rms) roughness of 0.4±0.1 nm (Fig. 8a).  Besides, X-ray diffraction experiments carried out on the same samples 

revealed that, due to the absence of diffraction peaks (Fig. 8b), the morphology essentially corresponded to a non-crystalline film 

or a film without a long range preferential molecular orientation on the substrate surface.  

 

Fig. 8 Evaporated thin film of compound 2: (a) AFM image and (b) X-ray diffractogram. 

Interestingly, the characterization data reveal that, despite the lack of crystallinity in the thin films, the charge mobility 

reached by compound 2 is quite high for an amorphous material.
67-69 

A reliable comparison with analogous OFETs fabricated with 

a molecule that displays very similar slipped-stacked packing and morphology, such as the broadly studied 6,13-

bis((triethylsilyl)ethinyl)pentacene (TES-pentacene), shows that compound 2 presents a hole mobility two orders of magnitude 

higher.
28, 70

  

 Thus, with the aim of getting a better understanding of these results, computational studies using DFT experiments were 

done. Charge transport in organic solids is favored by the intermolecular orbital overlap that can be quantified by the calculation 

of the transfer integrals. Accordingly, based on the above described solid state packing, the surface intersection between π-

stacked molecules, along with the distribution of the HOMO orbital, results in a transfer integral value of 145 meV (Fig. 9). 

Considering that the electronic coupling exponentially decays with the π-π stacking distance
71

 and that 2 displays a longer 

stacking distance than TES-pentacene, the magnitude of the face-to-face transfer integrals in 2 is high, strengthening the 

adequacy of the molecular design.
24

 Besides, the hydrogen bond network defined by 7-azaindolo[2,3-h]α-carboline, 2, stabilizes 

the expansion of the π-surface in the form of linear strips. As a consequence, the larger surface of self-assembled strips 

reinforces the π-π interactions leading to an environment where charge transport in the stacking direction would be highly 

favored. On the other hand, quite commonly, molecules packed in a slipped-stack mode present very low charge transfer 

integral values along the edge-to-edge direction. Sometimes, due to the steric hindrance of peripheral substituents, edge-to-

edge interactions are even non-existent and charge transport along that direction is negligible.
21

 However, in the case of 7-

azaindolo[2,3-h]α-carboline, 2, the transfer integrals between hydrogen-bonded molecules reach a value of 15 meV, which 

probes how edge-to-edge interactions can be enhanced via hydrogen-bonding.
72

, 
73

 Consequently, that will probably improve 

charge transport along that direction. In agreement with these results, the electronic coupling determined for 7-azaindolo[2,3-

h]α-carboline, 2, would explain the high mobility observed in an amorphous film without long range order.   



 

 

 

Fig. 9 Calculated transfer integrals (tab) and HOMO isosurfaces of compound 2. Two views of the π-stacked (top) and hydrogen bonded (bottom) isosurfaces.  

Therefore, although the slipped-stack packing in compound 2 would still present an anisotropic charge transport, this can be 

partially attenuated by the intermolecular interactions reinforced through hydrogen bond-directed self-assembly. This approach 

proves how the strategic use of strong non-covalent interactions can govern the solid-state organization of conjugated systems 

and improve their charge transport parameters. Accordingly, the reported results offer a new structural alternative for the 

development of supramolecular electronics. 

Conclusions 

In summary, a simple synthetic methodology has been optimized for the azaphenacene 7-azaindolo[2,3-h]α-carboline. This 

molecule has an innovative structure that incorporates hydrogen bond donor and acceptor sites into the polyheteroaromatic 

system without disrupting its conjugation. The solid state packing of the molecule defines hydrogen-bonded monodimensional 

assemblies that contribute to extend the π-conjugated surface of the molecular material and subsequently favor π-stacking. This 

results in good transfer integrals along both face-to-face and edge-to-edge directions that explain the charge transport observed 

in organic field-effect transistors where the 7-azaindolo[2,3-h]α-carboline has been used as organic semiconductor.  

Experimental 

N,N’-Bis(3-chloropyridin-2-yl)p-phenylenediamine, 1 

A round bottom flask was charged with (±)-BINAP (0.68g, 7.5 mol %), dry toluene was added (50 mL) and the mixture was 

heated under nitrogen atmosphere until a clear solution was obtained. Then Pd(OAc)2 (0.17 g, 5 mol %) was added and the 

solution was stirred for fifteen minutes. A second round bottom flask was charged with p-phenylenediamine (1.56 g, 14.7 mmol), 

2,3-dichloropyridine (5 g, 33.8 mmol), potassium  tert-butoxide (4.95 g, 44.1 mmol) and dry toluene (20 mL) under inert 

atmosphere. The solution of the palladium catalyst was transferred to the second flask via syringe and the resulting mixture was 

heated under reflux temperature for 24 hours. The reaction was allowed to cool down and was quenched with water. The 

organic phase was washed with water (3x30 mL) and then dried with anhydrous Na2SO4. Afterwards, the solution was filtered 

and the solvent was evaporated under reduced pressure. Finally, the crude product was purified by liquid chromatography, using 

silica gel as stationary phase and dichloromethane as eluent. The fractions containing the desired product were evaporated 

under reduced pressure and the resulting solid was triturated with methanol to obtain an analytically pure yellow product (3.19 

g, 66 %). M. p.: 130-132 °C. 
1
H-NMR (200 MHz, CDCl3), δ (ppm): 8.11 (dd, 2H, py, J=4.8, 1.6 Hz), 7.59 (s, 4H, Ph), 7.55 (dd, 2H, py, 

J=7.8, 1.6 Hz), 6.93 (s, 2H, NH), 6.67 (dd, 2H, py, J=7.8, 4.8 Hz). 
13

C-NMR (50 MHz, CDCl3), δ (ppm): 151.5, 145.8, 136.5, 134.8, 

121.1, 115.8, 114.8. HRMS (m/z): (C16H13Cl2N4); Found: 331.0519 (M+H)
+
; Calculated: 331.0512. 

7-Azaindolo[2,3-h]α-carboline, 2 

Method A: A solution of Pd2(dba)3 (0.28 g, 20 mol %) and PCy3·HBF4 (0.22 g, 40 mol %) in dry 1,4-dioxane (20 mL) was stirred 

for fifteen minutes under nitrogen atmosphere. Then, this solution was added over another solution of compound 1 (0.5 g, 1.51 

mmol) and DBU (0.9 mL, 6.04 mmol) in dry dioxane (20 mL). The mixture was transferred to a sealed tube maintaining the inert 

atmosphere, and this was heated at 200 °C for 24 hours. After this time, the reaction was allowed to cool down to room 

temperature and it was poured on a beaker containing water (50 mL).  The resulting precipitate was filtered and washed with 

methanol (4x15 mL) to obtain 0.33 g of crude solid.  

Method B: A photochemical reactor was loaded with DMSO (160 mL), potassium tert-butoxide (0.81 g, 4.53 mmol) and 

compound 1 (0.6 g, 1.81 mmol), under continuous nitrogen flow. After degassing for 10-15 minutes, the reaction mixture was 

irradiated with a medium-pressure mercury lamp for 2.5h. Afterwards, the reaction was allowed to cool down to room 



 

 

temperature and was poured into a saturated solution of ammonium chloride (100 mL). The resulting precipitate was filtered 

and washed with methanol (3x30 mL) to obtain 0.37 g of a crude solid. 

The crude solid (0.6 g) obtained from either method A or B was purified by gradient sublimation under high vacuum (T= 215 

°C; P= 10
-6

 mbar). The less volatile fractions were collected, combined and resublimed until a total of five sublimation 

experiments were completed to isolate compound 2 as a pure product (0.15 g, 25%) (Figures S2 and S3). M. p.: >300 °C. 
1
H-NMR 

(200 MHz, DMSO-d6), δ (ppm): 11.71 (s, 2H, NH), 8.60 (dd, 2H, py, J=7.7, 1.5 Hz), 8.40 (dd, 2H, py, J=4.8, 1.5 Hz), 8.20 (s, 2H, Ph), 

7.17 (dd, 2H, py, J=7.7, 4.8 Hz). 
13

C-NMR (75 MHz, DMSO-d6), δ (ppm): 153.0, 146.1, 134.0, 128.5, 120.9, 115.5, 114.4, 102.3. 

HRMS (m/z): (C16H11N4); Found: 259.0976 (M+H)
+
; Calculated: 259.0978. 

Structural characterization  

1
H-NMR and 

13
C-NMR spectra were recorded on spectrometers having frequencies of 200 MHz or 300 MHz for proton nuclei 

and 50 MHz or 75 MHz for carbon nuclei, respectively. Chemical shifts are referred to the residual peak from the deuterated 

solvent. Mass spectrometry was recorded on HPLC-MS TOF 6220 instrument.  

Thermal characterization 

Thermogravimetric analysis was carried out on a SDT 2960 analyzer from TA Instruments at a heating rate of 10 °C min
-1

 

under nitrogen. Differential Scanning Calorimetry analysis was carried out on a TA Instrument DSC 2920. 

Optical and electrochemical characterization 

Absorption spectra were recorded on a Cary 5000 UV-vis-NIR spectrophotometer. Emission spectra were recorded on a Cary 

Eclipse spectrophotometer (λexc.= 344 nm). Quantum yields were measured using a calibration plot built with anthracene 

standard covering the concentration range 3×10
-5

 M to 3×10
-6

 M in ethanol. 

Cyclic voltammetry was recorded utilizing a BioLogic SP-200 potenciostate and using boron doped diamond electrode as 

working electrode, platinum wire as counter-electrode and Ag/AgCl as reference electrode at a scan rate of 100 mVs
-1

. The 

supporting electrolyte was tetrahexylammonium hexafluorophosphate (0.1 M) in acetonitrile. The HOMO levels were estimated, 

without considering any solvent effect, from the onset potentials of oxidation wave respect to the energy level of the 

ferrocene/ferrocenium redox couple used as internal reference. 

X-ray diffraction and thin film morphology 

Powder X-ray diffraction: High resolution powder X-ray diffraction patterns were measured at the ESRF synchrotron 

(Grenoble, France) using the Spanish beamline SpLine (BM25A) with a 0.56523 Å wavelength, at room temperature. Sample was 

loaded in a borosilicate capillary tube and mounted on a rotatory goniometric head, to reduce the effect of possible preferential 

orientations. Measurement was performed in a 2θ continuous scan mode, with a 0.004° effective step. The incident beam 

(dimensions: 10 mm horizontal x 0.5 mm vertical) was monitored to normalize the collected data considering the primary beam 

decay. The diffracted beam was collected using a point detector. Data was measured within a 3-32° 2θ range, corresponding to a 

1.03 Å resolution. The structure of compound 2 was solved ab initio and refined using Rietveld method with Topas Academic 5 

program (http://www.topas-academic.net/). The final Rietveld plot is given in Fig. S6. Crystallographic parameters are 

summarized in Table S1. 

Thin film X-ray Diffraction: Data were collected on a Bruker D8 Advance instrument in th-th mode with CuKα radiation 

(wavelength 1.54060 Å), 40 kV, 30 mA, and a 1-dimensional detector with a window of 1°. Primary optics consisted of a 2° Soller 

slit, a 1 mm incidence slit, and an air scatter screen. Secondary optics included a 3 mm antiscatter slit, a Ni filter and a 2.5° Soller 

slit. Sample was step scanned from 3 to 65° in 2th, with 0.05° stepping intervals, 0.1 s per step, and a rotation speed of 30 rpm.  

AFM measurements were performed on a NT-MDT microscope (NTEGRA PRIMA) in tapping mode and images were analyzed 

with Gwyddion V2.47.  

Computational calculations  

The theoretical treatment of the molecules was based on density functional theory (DFT) methods. The reorganization 

energy (λ) was first computed by optimizing the molecular structure both in its neutral and cationic states at B3LYP/6-

311++G(d,p) level
74

 as implemented in Jaguar
75, 76

. This functional has demonstrated its accuracy to predict reorganization 

energies in OFETs.
77

 The reorganization energy, combined with data of the X-ray structure, was subsequently used to calculate 

the transfer integrals (tab). Long-range-corrected (LC) DFT has been used for the assessment of transfer integrals reducing the 

variability due to the amount of Hartree-Fock exchange included in the functional at the theoretical stage of material design.
78

 In 

the present contribution, we used the Baer−Neuhauser−Livshits (BNL) functional,
79, 80

 which correctly conduct such calculations 

within the LC approach.
81

  In our case, the previously reported CDFT formulation has been used as implemented in the Material 

Science Suite of Schrödinger.
82, 83

 As shown in Fig. 9, the transfer integrals were computed by using a 5 molecules model, which 

has been designed by including a reference molecule located at the unit cell and all surrounding molecules. The graphical 

processing of the computational calculations was done with Maestro 2016-4.
84
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