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1. H-NMR spectra of pyridinium salts 3a-c and BPDTQ salts 4a-c 

 
Figure S1. NMR spectrum of compound 3a in acetone-d6. 
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Figure S2. NMR spectrum of compound 3b in acetone-d6. 

 
Figure S3. NMR spectrum of compound 3c in acetone-d6. 
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Figure S4. NMR spectrum of compound 4a in acetone-d6. 

 
Figure S5. NMR spectrum of compound 4b in acetone-d6. 

 



Materials 2021, 14, 6239 4 of 11 
 

 

 
Figure S6. NMR spectrum of compound 4c in acetone-d6. 

2. Absorption spectra of pyridinium salts 3a-c: 

 
Figure S7. Absorption spectra of pyridinium salts 3a, 3b and 3c in methanol (ca. 9 x 10-4M). 
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3. Cyclic voltammograms of pyridinium salts 3b(a), 3c(b) and BPDTQ salts 4b(a), 
4c(b). 

 

 

(a) 

 
(b) 

Figure S8. Cyclic voltammograms obtained for tetrasubtituted pyridinium salts 3b and 3c in DMF (c= 1mM), with TBPA 
0.1M as supporting electrode and a scan rate of 100mV/s. (a) tetrasubtituted pyridinium salts 3b; (b) tetrasubtituted pyri-
dinium salts 3c. 
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(a) 

 
(b) 

Figure S9. Cyclic voltammograms obtained for BPDTQ salts 4b and 4c in DMF (c= 1mM), with TBPA 0.1M as supporting 
electrode and a scan rate of 100mV/s. (a) BPDTQ salts 4b; (b) BPDTQ salts 4c. 
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4. Non covalent interactions plots for face-to-tail (FT) and face-to-face (FF) dimers of 
4a-c cations. 

 
Figure S10. NCI 3D representation isosurfaces and analysis of the s((λ2)ρ) graph for face-to-face (FF) and face-to-tail (FT) 
dimers. The color-scale code for the 3D representations is shown. 

The NCIPlot analysis was done to get a deeper understanding of the stability of the 
studied BPDTQ+ dimers. In addition, this theoretical analysis is helpful to differentiate the 
contribution of non-covalent attractive, repulsive, and weak interactions (vdW) within a 
molecule and in between molecules, which are associated with signals or singularities in 
the graph of reduced gradient density (s) in the function of the second derivative Hessian 
eigenvalues (λ2)ρ. In this regard, (λ2)ρ < 0, (λ2)ρ   ̴ 0 and (λ2)ρ > 0, are stated for attractive, 
weak-interactions, and repulsive interactions, respectively. Additionally, the 3D isosur-
face representation visually evaluates the nature and localization of the non-covalent in-
teractions following the color scale shown in Figure 10S.  

As is observed in Figure 13S, the s((λ2)ρ) graphs at low-density (λ2)ρ and low-reduced 
gradient (s) values are highlighted zones by red and blue squares.  In all cases, vdW and 
repulsive interactions (π+-π+ interactions [1]) are predominant since a considerable signal 
contribution at low-density and low-reduced gradient at (λ2)ρ   ̴ 0 and (λ2)ρ  > 0 are ob-
served for the six dimers (red squares in s((λ2)ρ) graphs of Figure 10S). These non-covalent 
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interactions can also be observed in the 3D isosurface representations showed in Figure 
10S for each dimer by the green/light-red disk-like surfaces between the stacked polycyclic 
pyridinium cores of the dimers. Nevertheless, in each dimer, these interactions are more 
or less compensated by weak attractive interactions evidenced by the portions of singu-
larities at (λ2)ρ  < 0. In this regard, the main difference between the face-to-face (FF) and 
face-to-tail (FT) dimers lies in the non-covalent weak attractive interactions present be-
tween the parallel alkyl chains of the FF dimers, with green/light-blue coloured surfaces 
observed across the entire parallel-chains length. This can be confirmed by the s((λ2)ρ) 
graphs for the three FF dimers (4a, 4b, and 4c) that clearly shows a higher signals contri-
bution at low-density and low-reduced gradient in the (λ2)ρ  < 0 zone (blue squares in 
s((λ2)ρ) graphs Figure 10S). These additional interactions for the FF dimers, not present in 
the FT dimers (4a, 4b and 4c), can be associated with their higher electron mobility and, 
therefore, their possible higher conductivity in their resulting films. 

5. Frontier molecular orbitals of BPDTQ+ monomers and dimers 

 
Figure S11. Surfaces of HOMO (a) and LUMO (b) of FT dimer of 4a+. 

 
Figure S12. Surfaces of HOMO (a) and LUMO (b) of FF dimer of 4a+. 

(a) 

(a) 

(b) 

(b) 
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Figure S13. Surfaces of HOMO (a) and LUMO (b) of 4b+. 

 
Figure S14. Surfaces of HOMO (a) and LUMO (b) of FT dimer of 4b+. 

 
Figure S15. Surfaces of HOMO (a) and LUMO (b) of FF dimer of 4b+. 

(a) (b) 

(a) (b) 

(a) (b) 
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Figure S16. Surfaces of HOMO (a) and LUMO (b) of 4c+. 

 
Figure S17. Surfaces of HOMO (a) and LUMO (b) of FT dimer of 4c+. 

 
Figure S18. Surfaces of HOMO (a) and LUMO (b) of FF dimer of 4c+. 

Regarding the frontier molecular orbitals for monomeric and dimeric species of 4a-c, 
the monomeric BPDTQ cations 4b (13S) and 4c (16S) have the same localization of HOMO 
and LUMO of 4a (Fig 7), however the distribution of HOMO and LUMO surfaces in di-
mers FT and FF is very different when the electron-releasing alkyl chain is increased. 
HOMO surface position in FT dimers 4a (11S) and 4b (14S) seems have the same localiza-
tion of HOMO and LUMO than their respective monomeric species, but when the alkyl 
chain is increased to C14 in FT dimer 4c (17S) the HOMO is centered on alkyl chains of 
each monomer rather different of its monomeric specie HOMO localization and the 
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(a) 

(a) 

(b) 
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LUMO of dimer for each individual monomer continue with the same localization than 
its monomer 4c (16S) but the distribution of LUMO in each monomer change slightly as 
chain length increases from FT dimers 4a-c. On the other hand, in FF dimer 4a (12S) the 
HOMO and LUMO surface localization is very similar to the HOMO and LUMO of its 
monomeric specie 4a (Fig 7) but the distribution is different in each monomer in both 
HOMO and LUMO. When the alkyl chain is increased to C10 and C14 in FF dimers 4b 
(15S) and 4c (18S), the HOMO is centered on the alkyl chains of each monomers and the 
LUMO distribution for each monomer in FF dimers 4b (15S) and 4c (18S) also is unequal. 
This situation shows that when the alkyl chains are increased in the stacked BPDTQ+ spe-
cies the electron-releasing effect of chains play an important role in the charge transfer 
process. 
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