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Abstract

Organic polymer photovoltaics have a great technological potential as an alternative source for 
electrical energy. The demand for inexpensive, renewable energy sources is the driving force for 
new approaches in the production of low-cost polymer solar cells. During the quest to determine 
the best deposition and thermal annealing procedures of organic materials in organic devices, it 
has become increasingly clear that the structural order of these materials is a key factor. Highly 
ordered aggregation of conjugated oligomers and polymers can improve properties such as charge 
transfer and interaction with light processes that lead to better devices performance. The 
development of such procedures for polymers and their blends although successful, has taken on 
a substantial try and error approach. Structural and morphological characterization of organic 
materials in the solid state is relevant for their application in Organic Photovoltaics. A 
comprehensive investigation of PVK/C60 adsorption surface is performed using ab-initio density 
functional theory calculations combined with van der Waals corrections (GGA+vdW). The goal is 
to use detailed atomistic computational approaches to model intrinsic electrical and optical 
properties, to investigate the influence of packing arrangements on the anisotropy of properties 
which relate to device performance, to elucidate the behaviour of active materials during 
deposition and thermal treatment impacts on resulting morphologies which are relevant to the 
development of devices.

Key words: DFT; GGA-PBE; LDA-PZ; Optoelectronics; PVK; Nanoheterojunction; Organic 
photovoltaic.

1. Introduction

The rise of organic electronics and photovoltaics stands as one of the possible answers to appease 
the demand for a sustainable and risk-free future of electronics and solar energy industries. 
However, the implications of the development of organic electronics and photovoltaics, do not 
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stop at answering environmental concerns but also open up the possibility of new technological 
advances. Electronic devices with organic materials as active components, such as organic field-
effect transistors (OFETs), organic light-emitting diodes (OLEDs) and organic solar cells (OSCs), 
have transitioned from scientific curiosities to potentially important technologies for consumer 
electronics and renewable energy converted from sun light.

Extensive research in fullerene chemistry has led to developments in photovoltaics and light-
harvesting devices which may eventually lead to new efficient organic solar cells [1]. Research in 
carbon nanomaterials chemistry has provided major advancements in the use of these 
nanostructures in diverse areas including composite materials, electronics, drug-delivery systems, 
and in nanosized biosensors [2]. “The main interest in fullerene C60 stems from its unique three-
dimensional structure [3] and remarkable electronic properties which make it useful for a range of 
applications in different fields including artificial photosynthesis and light-harvesting devices, 
electronics, energy storage, superconductors and in tribology [4]. Due to its properties, fullerene 
C60 is particularly useful as electron acceptor component in donor-acceptor systems for artificial 
photosynthesis and light harvesting devices since the electron accepting properties of fullerene C60 
was first experimentally demonstrated in 1990 [5].

Fullerene C60 has a high electron affinity and can accept up to six electrons in a reversible manner. 
This electron accepting property is due to a low lying triply degenerate lowest unoccupied 
molecular orbital (LUMO) which is around 1.8 eV above its five-fold degenerate highest occupied 
molecular orbital (HOMO) [6]. Fullerene C60 is capable of carrying charges, as these can be 
efficiently stabilized by conjugation in the molecule [7]. Another important property that makes 
fullerene C60 suitable for applications in light harvesting devices is its low reorganizational energy 
which results from its rigid three-dimensional structure [3]. This facilitates fast, efficient electron 
transfer to occur in donor-acceptor systems [6].

OSCs are based on the junction of a donor and an acceptor material. The junction can be achieved 
simply by depositing the two materials in two separate layers [8], which can be controlled quite 
nicely, however, the architecture of choice is that of the bulk-heterojunction (BHJ) solar cell. In 
this architecture, donor (D) and acceptor (A) materials are finely dispersed in the active layer 
maximizing the D-A interface area. The photovoltaic effect in the active layer is based on the 
diffusion of an exciton at the donor/acceptor interface by a precise sequence of events: excitation 
of the D upon absorption of light; energy transfer from D to A through dissociation of the exciton 
and formation of a positive charge (hole) on D and a negative charge on A; migration and 
collection of electrons at the cathode and holes at the anode.

Recently, the design and synthesis of high-performance nonlinear optical materials has attracted 
significant attention for the reason that they possess huge potentials of applicability in structural 
engineering, optoelectronics and biomechanics [9-12]. For all known nonlinear optical materials, 
fullerenes (C60) have gained tremendous interests of researchers due to their fascinating nonlinear 
optical properties [13-16]. Their high nonlinearity in optical response is mainly due to their 
conjugated π-electrons. The nonlinearity in optical response properties of fullerenes (C60) can be 
significantly enhanced through functionalization with polymers. The incorporation of C60 into 
conductive polymers with variable stacking patterns and dimensions produce miniaturized 
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electronic and optical systems with high efficient performance in optoelectronic devices [17-19]. 
This augmentation in electron carrier mobility of C60/polymer nanocomposite is due to the intrinsic 
transport characteristics of the C60. A coherent perspective for incorporating C60 into practical 
devices is by way of non-covalent binding of C60/polymer nanocomposites [20-25].

Polymers possessing strong affinity to undergo physical adsorption on C60 are promising 
adsorbents in facilitating amplification of interfacial binding between a polymer matrix and C60. 
The extent of interfacial binding in this circumstance entirely relies heavily on the geometrical 
conformation of the polymer with respect to the C60. The charge transfer processes would be 
governed by the electronic structure of donor-acceptor interfaces as well as the electron-phonon 
coupling” [26-36]. In this work, we perform density functional theory calculations combined with 
van der Waals corrections (GGA+vdW) to investigate the effects of different orientations of 
stacking structures of PVK/C60 nanoheterojunction on its structural and electronic properties, 
optical absorption spectra and charge transfer processes.

2. Computational Methodology

All the calculations are performed in the framework of density functional theory (DFT) using the 
QUANTUM ESPRESSO” code version 6.5.4 [37, 38]. We adopt the supercell model for PVK/C60 
nanoheterojunction. The supercell is aligned along the z-axis. The vacuum layer in the simulation 
cell was set to 15 Å thick in both x- and y-directions to ensure negligible interactions between the 
supercell and its periodic images. The PVK/C60 nanoheterojunction was simulated using periodic 
boundary conditions. We have performed calculations using both the LDA in the Perdew-Zunger 
parametrization [39] and the GGA in the “Perdew-Burke-Ernzerhof parametrization [40]. We used 
the ultrasoft pseudopotentials [41] in describing the interactions between the ions and electrons. 
The plane wave basis sets method and the Perdew–Burke–Ernzerhof (PBE) exchange-correlation 
functional [42] were used to describe the exchange-correlation effects. In this work, the Grimme’s 
D3 correction term [43] was applied to include the van der Waals (vdW) interaction which was 
found to be substantial in carbon nano systems [44-46]. For all the calculations, the plane-wave 
kinetic energy cutoff was set to 30 Ryd and charge density cut-off set to 180 Ryd. The energy 
convergence was set to be 0.002 Ryd, and all the configurations were fully relaxed until the 
residual force on each atom was less than 0.001 Ryd/Bohr. For all these DFT calculations, a Γ-
centered 5x5x1 Monkhorst-Pack scheme [47] k-point grid was used to sample the Brillouin zone 
during the geometry optimization. Fine 9x9x1 grids for non-self-consistent field calculations was 
used in the computation to determine quantized energy levels and Fermi energy for band structure 
calculations along the Γ-Z-direction, density of electronic states (DOS) and partial density of 
electronic states (PDOS). Throughout this work, the figures related to the optimized configurations 
were generated using VESTA software [48]. The modelled supercells are visualized using the 
Xcrysden software, version 1.5.60 [49](49).

3. Results and Discussions

3.1 Structural properties of the Nanoheterostructures

Figure 1 depicts the nanoheterostructures investigated in this work. The following three 
configurations were studied: (a) the five-membered ring of C60 and the π-conjugate plane of PVK 
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were arranged in parallel configuration, (b) the six-membered ring of C60 and the π-conjugate plane 
of PVK were modelled in parallel arrangement, (c) in the third configuration, the six-membered 
ring of C60 was aligned to face the nitrogen containing ring of PVK nanostructure.

Figure 1. Schematic illustration of PVK and C60 nanostructures.

The structural stability of the PVK/C60 nanoheterojunctions studied were evaluated by calculating 
both the adsorption energies and the formation energy per atom for each of the three described 
configurations to determine the most energetically favourable stacking nanoheterostructure using 
equations (1) and (2) below [50].
A separation distance of ~3.383Å was kept between PVK and C60 for all the three 
nanoheterojunctions designed. The interlayer distance calculated is comparable to the interlayer 
separations in graphite (ca. 3.35 Å). Relative to this adsorption distance of 3.383 Å, we calculated 
the adsorption energies, , for the PVK/C60 nanoheterojunctions as tabulated in Table 1. The 𝐸𝑎𝑑
adsorption energies, , were determined from the relation:𝐸𝑎𝑑
𝐸𝑎𝑑 =  (𝐸𝑃𝑉𝐾/𝐶60 ‒ 𝐸𝑃𝑉𝐾 ‒ 𝐸𝐶60

)                                                                                                            (1)
where , ,  represent the total ground-state energy of the PVK/C60 composite, the 𝐸𝑃𝑉𝐾/𝐶60 𝐸𝑃𝑉𝐾 𝐸𝐶60

total energy of PVK, the total energy of C60 respectively predicted by DFT calculation. Quantum 
Espresso code reports the value of dispersion contribution to total energy for every step during the 
geometry optimization process. Accordingly, the dispersion contribution to adsorption energy was 
determined using Equation 1 above, by replacing the terms on the right-hand side with the 
dispersion contribution quantities for the converged geometry of each structure.
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Table 1. Adsorption Energy Determined Using Equation 1.

      Model type (GGA+vdW) Adsorption Energy (eV)
PVK/C60(a) 1.239
PVK/C60(b) 1.418
PVK/C60(c) 2.236

          Model type (LDA)
PVK/C60(a) 1.223
PVK/C60(b) 1.335
PVK/C60(c) 2.129

If the , then it suggests that the surface adsorption is thermodynamically feasible. The 𝐸𝑎𝑑 > 0
greater the  value, the tendency of the adsorbate molecule to bind on the PVK/C60 𝐸𝑎𝑑
nanoheterostructure surface becomes stronger. From Table 1, a clear distinctive trend in the 
preferences of PVK/C60(a), PVK/C60(b) and PVK/C60(c) nanoheterojunctions to adsorb favorably 
on PVK/C60 surface is seen.
From DFT optimized configurations of all the three systems we considered in this work, we found 
the interactions of PVK/C60(a) and PVK/C60(b) nanoheterojunctions are considerably weak 
compared to PVK/C60(c), Table 1. Compared to the other configuration, the adsorption energies 
of PVK/C60(a) and PVK/C60(b) nanoheterojunctions are generally found to be the weakest, i.e., 𝐸𝑎

, for GGA+vdW exchange-correlation functional and  for ~1.239, 1.418 eV 𝐸𝑎~1.223, 1.335 eV
LDA exchange-correlation functional. These can be considered as physisorption processes on the 
surfaces. For PVK/C60(c) nanoheterojunction, the adsorption energy, , for the 𝐸𝑎~2.236, 2.129 eV
respective exchange-correlation functionals, is attributed to the orientation and proximity of the 
nitride functional group of the polymer to the conjugated π-electrons of the fullerene(C60) to 
chemisorb at the PVK/C60 surface. For the PVK/C60(c) nanoheterojunction, the strongest tendency 
to chemisorb on the PVK/C60 surface is found, i.e., , via strong -  interactions 𝐸𝑎~2.236 eV π π
between the carbazole unit and the fullerene(C60).

The formation energies tabulated in Table 2 were determined from the relation:
ΔE = ECHN – NCEC – NHEH – NNEN        (2)
where ECHN is the total energy of the ground state of the corresponding nanoheterojunction 
modelled. EC is the total energy of carbon in its ground state (graphite), NC is the number of carbon 
atoms in the nanoheterojunction. EH is the total energy of ground state of H, NH is the number of 
hydrogen atoms, EN is the total energy of ground state of N and NN is the number of nitrogen atoms 
in the nanoheterojunction modelled.
The calculated formation energies per atom for each of the nanoheterojunctions is tabulated in 
Table 2. It is observed that all of the new nanoheterojunctions modelled have negative formation 
energies per atom; an indication that these new structures are thermodynamically stable.
To gain further insight into the new structures, we calculated the formation energy per atom for 
C60 and the formation energy per atom for PVK separately and found their values to be − 5.263 
eV and − 6.486 eV respectively which are much larger than all the formation energies per atom in 
Table 2 for each of the newly designed nanoheterojunctions in this present study. This shows that 
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the new nanoheterojunctions are more stable and thermodynamically favourable in comparison to 
the original molecules.

Table 2. Formation Energy Per Atom Calculated Using Equation 2.

    Model type (GGA+vdW) Formation Energy (eV)
PVK/C60(a) -6.183
PVK/C60(b) -8.224
PVK/C60(c)                                        -10.681

Model type (LDA)
PVK/C60(a) -5.991
PVK/C60(b) -7.295
PVK/C60(c)                                       -10.169

Furthermore, our calculations reveal that in the nanoheterojunction model in which the six-
membered ring of C60 faces the nitrogen containing ring of PVK, PVK/C60( ), is the most favoured 𝑐
and the most stable in both GGA+vdW and LDA model types as compared to PVK/C60( ) and 𝑎
PVK/C60( ) nanoheterojunctions.𝑏
As a result of the stacking patterns in the PVK/C60( ), PVK/C60( ) and PVK/C60( ) configurations, 𝑎 𝑏 𝑐
the three structures were found to shrink accordingly as shown in table 3. The values of the energy 
differences E0(eV) of the simulated nanoheterojunctions show a progressive stability from stable 
to most stable nanoheterojunction respectively.

Table 3. Optimized Lattice Parameters a(Å), b(Å), c(Å), Energy gap Eg(eV) and Energy 
Difference E0(eV) of PVK/C60(a), PVK/C60(b) and PVK/C60(c) nanoheterojunctions.

       (GGA+vdW)        a(Å) b(Å) c(Å) Eg(eV)      E0(eV)
      PVK/C60(a) 9.3283 9.3496 9.4579  1.223     17.362
      PVK/C60(b)     9.2770   8.5050  9.2936  1.217 9.212
      PVK/C60(c) 9.1311   10.1133  9.0673  1.121 0.000
Model type (LDA)
       PVK/C60(a) 9.3019 8.6619 8.6958 1.218     15.379
       PVK/C60(b) 8.8500 7.0067 8.8528 1.201       7.804 
       PVK/C60(c) 9.1350   10.3534 9.1376 1.112       0.000

In all the three nanoheterojunctions designed, observation reveals C−C bonds exhibit slightly 
smaller lengths in PVK/C60( ), PVK/C60( ) and PVK/C60( ) designs with 1.3928 Å, 1.3943 Å and 𝑎 𝑏 𝑐
1.3934 Å respectively in GGA+vdW model type as compared to the experimental value of 1.42 
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Å. The C−N bond length for PVK/C60(c) in LDA model type is 1.3918 Å as compared with 
PVK/C60(a) and PVK/C60(b) with 1.4126 Å and 1.4324 Å respectively, table 4.

Table 4. Optimized C−N, C–C & C–H Bond Lengths(Å) of PVK/C60 Nanoheterostructure.

Bond Length (Å)    Model type (GGA+vdW)
C−N C – C C – H

PVK/C60(a) 1.4064 1.3928 1.0848
PVK/C60(b) 1.4082 1.3943 1.0858
PVK/C60(c) 1.4031 1.3934 1.0863

Model type (LDA)
              PVK/C60(a) 1.4126 1.4198 1.0711

                PVK/C60(b) 1.4324 1.4211 1.0910
                PVK/C60(c) 1.3918 1.4169 1.0881

This indicates stronger intra-chain interactions in these nanoheterojunctions. In fact, shorter bond 
lengths and consequently stronger bonds are found to be indicative of more stability of the 
nanoheterojunctions. As a result, C−N bonds are found to be more stiffer in PVK/C60( ) and C–C 𝑐
bonds in PVK/C60( ) and PVK/C60( ) nanoheterojunctions which accounted for their stability and 𝑎 𝑏
rigid nature. The changes observed in the bond lengths is as a result of the adsorption energies 
relative to the adsorption distance 3.383Å calculated above. The shorter C−C and C−N bonds in 
PVK/C60( ), PVK/C60( ) and PVK/C60( ) designs indicate that their covalent character has been 𝑎 𝑏 𝑐
strengthened compared with that before the adsorption. Thus, they tend to possess higher binding 
energies leading to much stronger bonding in these designs. Therefore, PVK/C60( ), PVK/C60( ) 𝑎 𝑏
and PVK/C60( ) designs with shorter bond lengths and consequently stronger bonds strengths are 𝑐
expected to be indicative of more stability resulting in their rigidity due to a strong covalent 
bonding character.
From Table 2, it is observed that there are variations in the formation energy per atom calculated 
in accordance with the different choice of the exchange-correlation functionals. The values 
calculated with the LDA pseudopotentials are slightly lower as compared to the values calculated 
with the GGA pseudopotentials. The same trend is observed in the optimized lattice parameter 
values calculated in Table 3 with different exchange-correlation functionals LDA and GGA, with 
LDA giving almost smaller values of the lattice parameters. GGA+vdW calculations give the 
band-gap values for PVK/C60(a), PVK/C60(b) and PVK/C60(c) nanoheterojunctions as 1.223, 
1.217 and 1.121 eV respectively as against LDA calculations of 1.218, 1.201 and 1.112 eV 
respectively.

3.2 Electronic properties of the nanoheterojunctions

The electronic band structures at high-symmetry k-points for PVK/C60( ), PVK/C60( ) and 𝑎 𝑏
PVK/C60( ) nanoheterojunctions are shown in Figure 2. The band gaps occur due to mixed 𝑐
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hybridization of valence states of N and H with that of C atoms in the respective 
nanoheterojunctions. The calculated band gap values along with the optimized lattice parameters 
and other structural values of all three model types are shown in Table 3.
Upon further analysis of the electronic band structure plots, Figures 2(a, b & c), it is observed that 
these nanoheterojunctions are narrow and direct band gap materials with the valance band and 
conduction band both located at the Γ-points. This then makes it a good candidate for photo 
physical applications because it is a preferred material for the fabrication of optoelectronic devices. 
These new materials have tunable band gaps and may find applications in various fields and are 
promising candidates to facilitate the development of band gap engineering for applications in 
photovoltaics and solar cells, infrared optoelectronics, nanoelectronics. By matching the band 
structures of C60 and PVK with the new modelled nanoheterojunctions it is revealed that the new 
bands are formed as a result of the hybridization of valence states in the new proposed 
nanoheterojunctions.

Figure 2. Calculated band structures at high-symmetry k-points of the PVK/C60 
nanoheterojunctions with fermi energy level set at zero for: (a) PVK/C60( ), (b) PVK/C60( ), (c) 𝑎 𝑏
PVK/C60( ) nanoheterojunctions respectively.𝑐

3.4 Analysis of the electronic density of states.

We further analyzed the nature of interactions and origin of energy gaps in these 
nanoheterojunctions by way of plotting the projected electronic DOS, total DOS (t-DOS) and 
partial DOS (p-DOS) of the individual PVK/C60 nanoheterojunctions in Figures 3, 4 and 5 
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respectively. For comparison, the Fermi energy, EF, level was set as zero on the energy scale of 
the energy band-gap, Eg, between the occupied atomic orbitals and the empty atomic bands and 
the same for the DOS, which is shown in Figures 3, 4 and 5.  The total and partial electron density 
of states (t-DOS and p-DOS) plainly reveal that, the portion of DOS below -4 eV is due to N and 
C atoms even though larger proportion of the contributions is coming from N atoms only. The 
central portion which is above -4 eV is due to the contributions from N and C atoms in addition to 
the contribution of H atoms. The Figures 3 and 4 show only positive contributions to the total and 
partial density of states of electrons for the PVK/C60 nanoheterojunctions.

Figure 3. Projected electronic density of states (DOS) for the PVK/C60 configuration with fermi 
energy level set at zero for: (a) PVK/C60( ), (b) PVK/C60( ), (c) PVK/C60( ) nanoheterojunctions 𝑎 𝑏 𝑐
respectively.

Figure 4. Total electronic density of states (t-DOS) for the PVK/C60 configuration with fermi 
energy level set at zero for (a) PVK/C60( ), (b) PVK/C60( ), (c) PVK/C60( ) nanoheterojunctions 𝑎 𝑏 𝑐
respectively.
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Upon the visualization of the atomic orbitals, we note that the DOS near the energy gaps is 
essentially of pz electronic character manifestations of the anti-bonding and bonding of N atoms 
hybridizing with those of pz states of carbon atoms. From the p-DOS shown in Figure 5, it can be 
seen that, the s- and p-orbitals of carbon and also p-orbitals of nitrogen are the dominant class of 
contributors to the valence bands and conduction band, i. e, both top of fully filled bands and the 
bottom of unoccupied bands are influenced by s- and p-orbital states of carbon and nitrogen atoms 
resulting in the non-covalent π-stacking in PVK/C60 nanoheterojunction configuration stackings as 
seen in Figures 1(a, b & c).

Figure 5. Partial density of states (p-DOS) for the PVK/C60 configuration with fermi energy level 
set at zero for (a) PVK/C60( ), (b) PVK/C60( ), (c) PVK/C60( ) nanoheterojunctions respectively.𝑎 𝑏 𝑐

3.5 Optical properties
       3.5.1 Optical Absorption Spectra

Figures 6(a – e) show calculated optical spectral absorption for (a) PVK, (b) C60, (c) PVK/C60( ), a
(d) PVK/C60( ) and (e) PVK/C60( ) nanostructures respectively. Figures 6(a, b) show the b c
absorption spectra for pristine PVK and C60. Figures 6(c – e) are the calculated absorption spectra 
for the nanoheterojunctions when the C60 was added.  In Figure 6(a), it can be observed that there 
are five intensity peaks located at 0.41, 0.45, 0.49, 0.51 and 0.53 Ry. The most intense peak is 
located at 0.41 Ry. In Figure 6(b), we observed that there are distinctive absorption levels for each 
direction. Comparing Figure 6(b) with Figure 6(c), it is observed that on addition of the C60 
absorption in the Y-direction exceeds absorption in the Z-direction. Also from Figure 6(b), it is 
observed that absorptions in X-, Y- and Z- directions are almost the same with that of Y- slightly 
above them. From Figure (e), X- direction has the least absorption with the absorption in the Y- 
direction exceeding absorption in the Z- direction.

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=4169405

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed



(a) (b)

(c) (d)

(e)

Figure 6.: Calculated optical absorption spectra for (a) PVK, (b) C60, (c) PVK/C60( ), (d) a
PVK/C60( ), (e) PVK/C60( ) nanostructures respectively.b c
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These observations are indications of charge transfer processes occurring between the C60 and 
PVK. The C60 incorporation within the polymer network affects the PVK ring deformation and 
stretching. This means that there is a direct interaction between the C60 and the main PVK chain 
through charge transfer processes.

       3.6 Lowdin Charge Transfer

The amount of charge transfer from PVK to the C60 was estimated by projecting the charge density 
onto the atomic orbitals. We calculated the charge transfer as the difference between the Lowdin 
charges for pristine PVK and PVK/C60 with the adsorbate molecules. From this result, we 
determined whether the adsorbate molecule acts as an acceptor or as a donor. The charge transfer 
from the polymer, PVK, to the fullerene, C60, in the configuration of PVK/C60( ) turns out to be 𝑐
0.19 electrons respectively, whereas for the configurations PVK/C60( ) and PVK/C60( ) we 𝑎 𝑏
computed 0.11 and 0.12 electrons respectively in the opposite direction. Here we would like to 
point out that it is important to note that the size of the charge transfer slightly depends on the 
method chosen for calculations.

Conclusion

To obtain the structural and electronic properties of the effects of different orientations of stacking 
structures of PVK/C60 nanoheterojunctions, we performed systematic structural search to identify 
low energy configurations of various polymer/fullerene nanoheterojunctions. Our calculations 
give a reliable understanding of the role of intermolecular interactions between PVK and C60 and 
the effect of incorporation of C60 on electronic and optical properties of PVK. The DFT-based 
optimization of PVK/C60 nanoheterojunctions produce lattice parameters and bond lengths 
accurate to within a few percent of the experimental values depending on choice of exchange-
correlation functional. The C60 incorporation within the polymer network affects the PVK ring 
deformation and stretching. This means that there is a direct interaction between the C60 and the 
main PVK chain through charge transfer processes. The PVK/C60 nanoheterojunctions exhibit 
extreme characteristics of vdW materials and are expected to be p-type semiconductors with 
suitable band gaps, high electron mobility for applications in optoelectronics, sensors, 
thermoelectric devices and possibly mid-infrared photodetectors. We propose a PVK/C60 
nanoheterojunction as a potential candidate for use in nanoelectronics devices. Finally, we 
emphasize that the present approach is generally applicable for the analysis for solar cells and 
photovoltaics, including the exciton transfers, charge transports, as well as the multistate dynamics 
from the exciton to free carriers.
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