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Four new molecules namely BsubPcM1, BsubPcM2, BsubPcM3 and BsubPcM4,
are designed by subsƟtuƟng different electron withdrawing groups as acceptor
groups at boron atom (axial subsƟtuƟon) of subphthalocyanine i.e., cyanide (Bsub-
PcM1), 1,2,3,4,5-pentafluoro-6-metoxybenzene (BsubPcM2), 2-methylisoindoline-
1,3-dione (BsubPcM3) and 1-methyl-4-(prop-1-yn-yl) benzene (BsubPcM4). Pho-
tovoltaic parameters are esƟmated through DFT by employing selecƟve method
B3LYP. FronƟer molecular orbitals, Density of states, Optoelectronic studies, and
transiƟon density matrix calculaƟons are employed to characterize the chemical
reacƟvity, charge mobility, open circuit voltage and maximum absorpƟon of all
designedmolecules. The reorganizaƟon energy calculaƟons proposed that the elec-
tronmobility for BsubPcM1 (0.0093), BsubPcM2 (0.0077), andBsubPcM4 (0.0095) is
smaller than BsubPc-Cl (0.0097). Furthermore, BsubPcM1 and BsubPcM4 carry the
least value of hole reorganizaƟon energy (0.0042) and (0.0039) respecƟvelywhich is
less than the Parent molecule BsubPc-Cl (0.0044) that symbolize the magnified hole
transfer. Amongst all, BsubPcM3 has maximumr wavelength of absorpƟon (577.9
nm) with minimum bandgap (2.46 eV). The results show that axial modificaƟon of
Boron Subphthalocyanine Chloride molecule is a promising pathway for the devel-
opment of modified efficient D-A type materials for photovoltaic applicaƟons.

Keywords: Subphthalocyanines, Optoelectronic properties, Charge mobility, Transition
density matrix, Density of states

INTRODUCTION

T he field of organic photo electron-
ics is drawing massive attention
because of its potential to provide

cost effective, simple and tunable struc-
tural properties for energy production. In
an organic photovoltaic devices, the most
prominent factor Jsc (short circuit current
density) can be improved by controlling

the morphology and structural properties
of the material.1 The open circuit voltage
mainly depends upon the type of mate-
rial used in organic solar cell. Large num-
ber of commercially available materials
have been reported which are modified as
donor materials. But there is no such type
of development for those materials that
can act as an electron acceptors in a pho-
tovoltaic devises, except the fullerenes.2
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Although, fullerenes are genuine, effi-
cient and glaring material for the trans-
portation of electrons but this class of
electron accepting material have major
issues with long time stability and
maximum obtained open circuit volt-
age bounded by narrow band gap.3
Although Fullerenes were used inten-
sively due to their strong oxidization-
reduction potential and structural prop-
erties but on the other side, phthalo-
cyanines is a class of material that
have an excellent light harvesting prop-
erties and dominant characteristics to
behave like electron donor due to their
strong redox chemistry. As the phthalo-
cyanines generally maintain reorgani-
zation energies of fullerenes that’s why
it is recognized as an ideal material for
the generation of long lived radical ion
pair.4

The conjugated π electrons in
macrocycle of phthalocyanines
molecules are responsible for their
effective absorption spectra in visible
portion of electromagnetic spectrum.
Subphthalocyanines are aromatic and
non-planner molecule, having bowl
shaped geometry in which three N-
fused rings of di-iminoisoindole sur-
round the central boron atom.5 The
fourteen π electrons conjugated shows
enhanced optical properties that are
major contributor to their extensive
use in optics, dyes and organic photo
electronic devices. These properties
can be modified by suitable substitu-
tion and derivatization at the axial and
peripheral substituent. Subphthalocya-
nine molecule is chiral and it owned
the C1 and C3 symmetry.6 By utiliz-
ing this symmetric feature of molecule,
the development of complex molecules
can be enhanced.7

It is noted that peripheral replace-
ment of ligand has more strong and
dominant effect on the redox poten-
tial of Subphthalocyanines as com-
pared to axial derivatization. Hence
redox behavior and stability of Sub-
phthalocyanines is inevitable because
of its long term stability for radi-
cal cation/anion, effective charge trans-

portation, and orientation and config-
uration of energy levels of frontier
molecular orbitals8.

Herein, we designed four new
donor-acceptor type molecules
(BsubPcM1-BsubPcM4) by replac-
ing axial substituent Cl of BsubPc-Cl
molecule with four different accep-
tor moieties. All proposed units have
three subunits of isoindole rings as
a central core with distinct electron-
withdrawing acceptor groups projected
outward. The idea behind the modi-
fication is to tune the optoelectronic
properties of Subphthalocyanines and
to observe the effect of these properties
on the PCE of organic solar cells. Dif-
ferent parameters like, reorganization
energy and binding energy of exci-
ton, frontier molecular orbital analysis,
absorption profile, transition density
matrix, dipole moment, and device
performance were calculated to check
the efficiency of all the investigated
molecules as an active and efficient
candidate for organic photovoltaics
(OPV).

COMPUTATIONAL DETAILS
In the present quantum mechanical
report, molecular frameworks were
drawn using GaussView 6.0.16. All
the computational simulations were
theoretically assessed with the assis-
tance of Gaussian 09 W programs.
Density functional theory (DFT) was
chosen for geometry optimization9,
four different computational methods
such as B3YLP10, CAMB3LYP11,
MPW1PW9112, and WB97XD13 in
conjunction with 6-31G (d,p) basis
set were used to obtain the optimized
ground state geometries of Parent
molecule BsubPc-Cl. Then the λmax
value of Parent molecule was calcu-
lated through above-mentioned DFT
method and compared with reported
experimental absorptionmaxima value.
A good agreement with experimental
absorption values were exhibited by
B3LYP functional with 6-31G (d,p)
basis set, so this functional was selected

for further calculations.
Absorption spectra of all the opti-

mized molecules were determined first
in the gas phase, and then in sol-
vent (toluene). The polarizable contin-
uum model, using the integral equation
formalism (IEFPCM) was applied to
assess the solvent effect.14 By employ-
ing the same suggested method, density
of states (DOS) calculations were exe-
cuted, and the results were interpreted
by the pyMOlyze program.15 Further-
more, reorganization energies of anion
and cation, charge transfer analysis,
open circuit voltage, frontier molecular
orbital (FMO) analysis and transition
density matrix (TDM) of all the inves-
tigated molecules were performed by
using B3LYP method combined with
6-31G (d,p) basis set.

Generally, reorganizational energy
is classified into two parts, internal
reorganization energy (λ int) and exter-
nal reorganization energy (λext). The
(λ int) deals with the rapid rate of
changes in geometry while the later
explain the effects of the external envi-
ronment. It is reported that the rate
of charge transfers and λ int, have a
direct relationship.16 Here, in continu-
ing research we neglected the external
environmental effect and solely consid-
ered the internal effect.17 Therefore, for
electrons and holes, the internal reor-
ganization energies were calculated by
using cited equations (1) and (2).18

λe =
(
E−

0 −E−
]
+
(
E0
− −E0

]
(1)

λh =
(
E+

0 −E+

]
+
(
E0
+ −E0

]
(2)

Where, E−, E+refers to the energy
of anion and cation, respectively,
computed from anion and cation of
molecule. E−and E+ reflect the energy
of anion and cation, respectively,
calculated from optimized neutral
molecules. E◦serves as ground state
energy of neutral molecule. At the same
time, both E+and E−are cationic and
anionic energies, respectively, calcu-
lated from geometrically optimized
molecules of cation and anion.
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RESULTS AND DISCUSSION
In our research, Boron subphthalocya-
nine chloride molecule was taken as
reference. The reference molecule con-
tains particular macrocyclic ring, orga-
nized by three subunits of isoindole
that are linked by three aza bridges,
and a boron atom present in the cen-
tral binding core. We replaced the axial
substituent of reference molecule with
four different acceptor groups, in order
to magnify the photo physical proper-
ties of Parent molecule BsubPc-Cl. By
doing modifications in parent molecule
(BsubPc-Cl), we obtained four distinct
molecules named BsubPcM1, Bsub-
PcM2, BsubPcM3 and BsubPcM4 as
shown in Figure 1. The configured
geometries of all the proposed units at
B3YLP/31G (d, p) are demonstrated in
Figure 2.

To check the electrical and opti-
cal characteristics of Parent molecule
BsubPc-Cl, four computational
methods B3LYP, CAMB3LYP,
MPW1PW91 and, WBP7XD were
employed along with 6-31G (d,p)
basis set. The maximum absorption
of BsubPc-Cl molecule calculated
with four computational methods
B3LYP, CAMB3LYP, MPW1PW91
and, WBP7XD were 570 nm, 526 nm,
547 nm, and 525.4 nm, respectively.
According to literature, reported exper-
imental value of BsubPc-Cl was 596
nm19. Graphical presentation of all
results with stated methods are shown
in Figre 3. After careful assessment, we
observed that the functional B3LYP
has a very close match to the experi-
mental results. Hence, the functional
B3LYP/6-31G (d, p) was selected to
study the further properties of our sys-
tems.

FronƟer molecular orbitals
For the understanding of optoelec-
tronic properties of organic solar cells
(OSCs), frontier molecular orbital
(FMO) diagrams are crucial. The
charge transition in organic solar cells

varies remarkably by the distribution
pattern of highest occupied molecu-
lar orbital (HOMO) and lowest unoc-
cupied molecular orbital (LUMO).
The conduction band theory reveals
the dynamic character of HOMO
and LUMO by taking ground state
(HOMO) for conduction band and
excited state (LUMO) for valance band.
The energy difference of these two
orbitals is called energy bandgap (Eg).
The energy bandgap offers a useful
insight to study exciton dissociation,
open circuit voltage, and provide a
clear intimation about the performance
of photoactive material. A material that
has a low band gap with high power
conversion efficiency is convenient for
photovoltaic OSCs. So, we character-
ized the optical properties, conducting
behavior and electron density of all
designed molecules by using FMOs.
The distribution patterns of HOMO
and LUMO by the frontier molecular
orbital diagrams (FMOs) are presented
in Figure 4, and energies of HOMO
& LOMO with energy bandgap of
all the designed molecules and parent
molecule are tabulated in Table 1.

hows the value of HOMO (-5.95
eV) and LUMO (-3.46 eV) along with
energy bandgap (2.49 eV) for par-
ent molecule BsubPc -Cl. For all
other designed molecules (BsubPcM1-
BsubPcM4), HOMOvalues were found
to be -6.0349 eV, -5.9489 eV, -5.7277
eV and -5.7484 eV and the LUMOwere
located at -3.5589, -3.4563, -3.2634
and, -3.2751(eV) respectively.

Energy difference (H-L) is a signifi-
cant element for efficient charge trans-
fer. A small energy difference leads
to high charge transfer. BsubPcM1-
BsubPcM4 exhibit H-L energy dif-
ference of 2.47, 2.492, 2.46, and 2.47
(eV), respectively. Among all designed
molecules, BsubPcM3 have shown
narrow band gap, and this might be
due to 2-methylisoindoline-1,3-dione
acceptor group, which provides the
extended conjugation in the molecule.
On the other hand, the energy bandgap
forBsubPcM1 andBsubPcM4 ismuch

appreciable than BsubPc-Cl due to
the presence of electron-withdrawing
group cyano-benzene and toluene in
acceptor part of the molecule, which
cause extended conjugations in whole
molecule. The descending order of
HOMO & LUMO energies of all
the investigated molecules, includ-
ing parent and designed molecules
is BsubPcM3> BsubPcM4>
BsubPcM2>BsubPc-Cl> BsubPcM1
and the descending order of bandgap
energy of all molecules is Bsub-
PcM3> BsubPcM4> BsubPcM1>
BsubPcM2= BsubPc -Cl. Hence, from
the above discussion it is concluded
that BsubPcM3 as an efficient can-
didate in term of optoelectronic prop-
erties due to its narrow bandgap for
OSCs.

Density of states (DOS) help to
explain the particulars, propound by
FMOs. So, to support FMOs and fur-
ther analysis for electronic properties
of all the molecules, the density of
state (DOS) analysis in association with
frontier molecular orbital was carried
out at B3LYP/6-31G(d, p) (Figure 5).
Like a single sheet, the donor part
of designed molecules (BsubPcM1-
BsubPcM4) arranged in one plane
which promotes the flow of charge,
and the acceptor part is projected out-
ward. The results of DOS analysis
described the switching of electron
density around HOMO-LUMO by the
acceptor moieties with different elec-
tron withdrawing groups. For refer-
ence molecule BsubPc-Cl and designed
molecule BsubPcM1, the electron den-
sity is distributed mainly around the
central binding core of the molecule.
Similarly, LUMO resides mainly on
the central core and a bit on isoin-
dole rings and side groups. The distri-
bution model of BsubPcM2 is some-
what different, In BsubPcM2 HOMO
is more focused on the electron-rich
central core, isoindole rings, and a
small density located on the acceptor
part. For BsubPcM3 and BsubPcM4
the distribution pattern is the same. In
both molecules, HOMO is localized
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Figure 1. Molecular framework of parent and all proposed molecules.

Figure 2. Optimized geometries of all investigated molecules at B3YLP/6-31G (d, p).

Table 1. Energy of HOMO, energy of LUMO and band gap of all molecules at B3LYP with same basis set.
Molecules EHOMO ELUMO E g
BsubPc-Cl -5.96 -3.47 2.49
BsubPcM1 -6.04 -3.56 2.48
BsubPcM2 -5.95 -3.46 2.49
BsubPcM3 -5.73 -3.26 2.46
BsubPcM4 -5.75 -3.28 2.47

strongly on central binding core, and
LUMO is localized on the subunits of
isoindole rings, and a bit of it resides
on side groups. From DOS analysis it is
evident that for all proposed molecules
(BsubPcM1-BsubPcM4) and reference

molecule BsubPc-Cl, electron den-
sity is significantly delocalized and
(HOMO-LUMO) distribution scheme
is analogous to the distribution pat-
tern determined by B3LYP/6-31G (d,
p) method, as shown in Figure 4.

OpƟcal properƟes

Organic chromophores mostly show
absorption in UV/visible region of the
spectrum, and their absorption pro-
files helps to evaluate their optical
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Figure 3. Absorption profile of Parent moleculeBsubPc-Cl with the CAMB3LYP, MPW1PW91, B3LYP and WB97XD func-
tional with 6-31G (d, p) basis set.

properties. Optical properties of all
the investigated molecules were ana-
lyzed by using B3YLYP/6-31G (d, p)
level of theory, in an organic solvent
(toluene). Experimentally recorded
value of parent molecule BsubPc -
Cl and computed λ maxvalues of all the
designed molecules along with dipole
moment, oscillator strength and con-
cerned assignments are listed in Table
2.

At the TDSCF/toluene/B3LYP/6-
31G (d, p), all molecules, including
the parent molecule show maximum
absorption in the region of 300nm to
600nm. The simulated absorption spec-
tra of all the investigated molecules
are shown in Figure 6. From calculated
data, the absorption profile of Bsub-
PcM2 agrees with BsubPc-Cl with
deviation of 0.3nm. BsubPcM3 tends
to show strong absorption at 577.9 nm
due to effective electron withdrawing
2-methylisoindoline-1, 3-dione accep-
tor group and efficient intramolecu-
lar charge transfer. The tabular data
exhibit that BsubPcM1, BsubPcM3

and BsubPcM4 have bathochromic
shift as compared to parent molecule,
with the deviation of 4, 7.4 and 6.7
(nm) respectively. Molecule Bsub-
PcM2 have shown a slightly weak
hypsochromic shift with the devia-
tion of 0.3nm than the BsubPc-Cl
molecule which is mainly attributed to
polyfluorinated benzene (1, 2, 3, 4, 5-
pentafluoro-6-metoxybenzene) accep-
tor group. Decreasing order of λ -max
values for the reference molecule and
all designed molecules is BsubPcM3 >
BsubPcM4 > BsubPcM1 > BsubPc-Cl
> BsubPcM2.

ReorgnizaƟon energy
While designing the organic solar cell,
charge mobility is one of the signif-
icant parameters to assess the perfor-
mance and working of efficient photo-
voltaic material. Charge mobility can
be calculated effectively by reorgani-
zation energies of electron and hole.
The reorganization energy holds an
inverse relationship with charge mobil-
ity so, if a molecule has small reor-

ganization energy values it will have
higher-charge mobility. Reorganiza-
tion energy values depend upon many
factors, but it mainly depends upon the
geometry of anion (electron mobility)
and cation (hole mobility)20.

By equation (1) and (2), reorganiza-
tion energy has two parts, internal reor-
ganization energy (related to internal
changes λ int) and external reorganiza-
tion energy (related to external changes
λ ext ). Here, in our study, we ignored
the environmental relaxation and exter-
nal changes as it does not contribute
much and specifically, thus dealing
with internal reorganization energy for
our system. λ int is the energy expense
for geometry transformation from neu-
tral to charged molecule and charged to
neutral molecule.

The B3LYP computational method
in conjunction with 6-31G (d, p) basis
set employed to calculate the reorga-
nization energies for our representative
BsubPc-Cl and all designed molecules
and the results are shown in Table
3. The value of λ e (electron mobil-
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Figure 4. FMOs of Parent molecule and all proposed units.

Materials InnovaƟons | 2021 | hƩps://materialsinnovaƟons.hexapb.com/ 6

https://materialsinnovations.hexapb.com/


Research ArƟcle hƩp://doi.org/10.54738/MI.2021.1102

Figure 5. DOS (density of states) of parent molecule BsubPc-Cl around HOMO and LUMO and designed molecules
BsubPcM1-BsubPcM4 at selected computational method.
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Table 2. Absorption parameters of all the proposed molecules at B3LYP/6-31G (d, p) method.
Molecule Calc. λ max (nm) Oscillator strength Assignments Dipole moment (D)
BsubPc-Cl 570.5 0.4576 H→L (97%) 7.32
BsubPcM1 574.5 0.4417 H→L (97%) 7.84
BsubPcM2 570.2 0.4418 H→L (97%) 7.91
BsubPcM3 577.9 0.4432 H→L (97%) 7.86
BsubPcM4 577.2 0.4463 H→L (97%) 7.51

Figure 6. Absorption spectrum of all proposed units BsubPcM1-BsubPcM4 and parent molecule BsubPc-Cl in solvent
(toluene) phase at B3LYP with basis set 6-31G (d, p).

ity) for parent molecule BsubPc-Cl is
0.0097113 eV, and theoretically com-
puted values of λ e for BsubPcM1-
BsubPcM4 are 0.0093244, 0.0077906,
0.0101066 and 0.0095415 respectively.
When designed molecules were com-
pared with BsubPc-Cl, a representative
molecule, it is found that BsubPcM1
(0.0093244), BsubPcM2 (0.0077906)

and BsubPcM4(0.0095415) has low-
est value of λ e. It means that these
molecules have great ability of elec-
tron transfer between donor and accep-
tor parts. So, all investigated molecules
can be arranged in following decreas-
ing order of λ eBsubPcM3 > BsubPc-
Cl > BsubPcM4>BsubPcM1>Bsub-
PcM2.

The λ h(hole mobility)of refer-
ence molecule is 0.0044968, and the-
oretically computed λ h values for
BsubPcM1-BsubPcM4 are 0.004205,
0.0049494, 0.0054715 and 0. 0039971,
respectively Amongst all, BsubPcM4
has the least value of λ hwhich express
the best suitability of molecule as hole
transporter between donor and acceptor
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Table 3. Reorganization energies of all the molecules.
Specie λ e λ h
BsubPc-Cl 0.0097113 0.0044968
BsubPcM1 0.0093244 0.004205
BsubPcM2 0.0077906 0.0049494
BsubPcM3 0.0101066 0.0054715
BsubPcM4 0.0095415 0.0039971

part of the molecule. The descending
order of hole mobility is BsubPcM3
>BsubPcM2 > BsubPc-Cl > Bsub-
PcM1 > BsubPcM4. Approximately,
all molecule showed low value of λ h
relative to BsubPc -Cl except Bsub-
PcM3 andBsubPcM2 for them reverse
is true. From the above interpretation,
it is evident that BsubPcM2 domi-
nant nominee for electron transfer and
BsubPcM4 is best for hole transfer.

TransiƟon density matrix

The transition density matrix is a use-
ful approach to describe (a) The inter-
action of donor and acceptor groups (b)
to predict the localization of electron-
hole pair(c) to evaluate the electronic
excitation. TDM provides characteris-
tic and consistency length of any elec-
tronic transition between two states of
the molecule and also regarded as best
suited tool to explain the charge trans-
fer excitations in photovoltaic mate-
rials. The computational hybrid func-
tional B3LYPwith6-31G (d,p) basis set
was employed to examine the emission
and absorption of all the investigated
units in S1 (first excited state). As the
hydrogen atom has a minimal contri-
bution in transition, therefore they have
been neglected by default.

For the evaluation of TDMs, all
proposed molecules were divided into
three parts, A (central core), B (Aro-
matic rings), and C (side groups). From
TDM diagrams shown in Figure 7, it is
evident that electron coherence (of all
proposed unit and parent molecule) is
the diagonal of part B (aromatic rings)
and part A (central core unit). Electron
coherence of C (side groups) is smaller
as compared to other parts. Com-
pared to parent molecule BsubPc-Cl,

all the designed molecule showed high
charge dissociation and current density
(Jsc). The power conversion efficiency
(PCE) and rate of charge dissociation
of photoactive material is determined
by binding energy of electron-hole pair
(Eb)

Eb = Eg −Ex (3)

Above equation was used to calculate
the theoretical binding energies for all
the investigated molecules in toluene
solvent and results are listed in table 4.

In equation (3), Eg is energy band
gap taken by EH−L and Ex is the
difference of excitation energy from
ground state to 1st excited state. Lower
electron/hole interaction leads to lower
value. To allow the dissociation of
exciton into separate charges (hole
and electron), exciton binding energy
should be as low as possible. The bind-
ing energy of electron-hole pair of all
the investigated molecules are com-
parable to each other’s and have fol-
lowing order BsubPcM1 = BsubPcM4
> R = BsubPcM2 = BsubPcM3 .
This sequence indicates that among all
molecules, BsubPcM3 and BsubPcM2
molecule have high rate of charge
separation as they have low exciton
binding energy. So, these molecules
can show more significant, accessible,
and smooth dissociation of exciton in
excited state.

Open circuit voltage
The open circuit voltage (VOC) plays a
vital role, as it can be used to estimate
the operating mechanism and over-
all performance of the organic solar
cell. Open circuit voltage is the over-
all amount of current that a PV device

can produce at zero or null voltage. Voc
is the measurement of the amount of
recombination in the device, mainly it
depends upon the saturation current and
photo-generated current. In a molecule,
the use of electron donor and acceptor
groups with low energy bandgap val-
ues increase the absorption coefficient,
which enhance the open circuit voltage
and other light harvesting properties. A
lower value of donor HOMO and higher
value of acceptor LUMO leads to an effi-
cient and effective open circuit volt-
age. In ongoing research, we worked
on axially modified derivatives of Sub-
phthalocyanines which is an electron
donor, so we took the HOMO of our
designed molecule and analyzed it with
the LOMO of a famous and mostly
used acceptor PC61BM21. Following
equation was used to compute the open
circuit voltage of all the investigated
molecules.

Voc = ED
HOMO − EA

LUMO

By above equation computed VOC val-
ues were 1.75, 1.83, 1.74, 1.52, and
1.54 eV for BsubPc-Cl, BsubPcM1,
BsubPcM2, BsubPcM3, and Bsub-
PcM4, respectively (Figure 8). Among
all newly designed molecules, Bsub-
PcM1 exhibits high open-circuit poten-
tial relative to all other molecules.
Hence, the fusion of our designed units
withPC61BM acceptor will prove ben-
eficial in the construction high PCE
based solar cells.

Analysis of charge transfer
between f2 molecule and
acceptor pc61bm
In order to perceive the switching of
charge density between best molecule
among designed units and PC61BM,
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Figure 7. TDM images of parent and proposed molecules BsubPcM1 to BsubPcM4 at the S1 state.

Figure 8. Energy bandgap values for all the investigated molecules with respect to acceptor polymer PC61BM.

Table 4. Binding, excitation and bandgap energies of Parent and proposed molecules.
Molecules Eb Ex E g
BsubPc-Cl 0.32 2.1731 2.49
BsubPcM1 0.33 2.1580 2.48
BsubPcM2 0.32 2.1742 2.49
BsubPcM3 0.32 2.1453 2.46
BsubPcM4 0.33 2.1482 2.47

Charge transfer analysis was performed
for instance. BsubPcM2 was selected
as a donor with PC61BM (an acceptor
polymer), as it has shown best pho-
tovoltaic and electrochemical proper-
ties i.e., low band gap energy (Eg),
good absorption coefficient (λ abs),
best dipole moment(µ)and least value
electron mobility(λ e). The geometry

optimization of BsubPcM2-PC61BM
complex were performed at B3LYP/6-
31G (d, p) level of theory. The opti-
mized structure and orientation of the
complex is shown in Figure 9. The
optimized geometry of theBsubPcM2-
PC61BM complex signified that, in
terms of charge transfer, the orienta-
tion of BsubPcM2 and PC61BM is

impressive. The molecule BsubPcM2
oriented towards PC61BM in a par-
allel manner. The dipole moment of
the complex was calculated, the dipole
moment’s direction has been suggested
as an explanation for the successful
and effective dissociation of exciton at
the interface of complex BsubPcM2-
PC61BM22. The distribution pattern of
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Figure 9. Charge transfer analysis betweenBsubPcM2 and PC61BM complex at B3LYP/6-31G (d,p).

Figure 10. Frontier molecular distribution schemes for molecule BsubPcM2 and polymer PC61BM.

frontier molecular orbitals for complex
BsubPcM2-PC61BM was determined
at same selected method and it is found
that HOMO charge density located on
the donor part (BsubPcM2) of com-
plex while LUMO density resides on
the acceptor (PC61 BM) as shown in
Figure 10. The description of orbital
diagrams has shown that the shifting of
electron density from electron donating
to electron accepting part of complex
is substantial evidence to consider our
investigated molecules as an efficient
candidate for the fabrication of OSCs.

Dipole moment

Another powerful and scaling tool to
scale the performance of OSCs is
dipole moment. It has a compelling
effect in the modeling of photovoltaic
cells as it explains the solubility of pho-
toactive material in solvent. A higher
value of dipole moment leads to high
solubility of material in an organic sol-
vent like toluene. Therefore, efforts

were made to calculate the dipole
moment of designed molecules in sol-
vent at same selected method. The
values of dipole moment in toluene
for all molecules were BsubPc -Cl
(7.32) BsubPcM1 (7.84) BsubPcM2
(7.91) BsubPcM3 (7.86) and Bsub-
PcM4 (7.51) as shown in Table 2.
From table data it is very clear that all
the engineered molecules have greater
dipole moment than parent molecule,
which means that all the designed
molecules are capable of being soluble
in any organic solvent. MoleculeBsub-
PcM2 exhibits greatest dipole moment,
attributed to the strong polarity effect
of a highly electron-capturing (1, 2, 3,
4, 5,-Penta fluoro-6-methoxybenzene)
acceptor group. The higher dipole
moment amplified the self-assembly of
compounds and makes a long chain,
giving a stable path to charge trans-
fer (if designed units have ability of
packing). The overall order of dipole
moment of proposed molecules, and
reference molecule is following Bus-

bPcM2 > BsubPcM3 > BsubPcM1 >
BsubPcM4 > BsubPc-Cl.

CONCLUSIONS

In current studies, four D-A type
small molecules were developed and
reviewed theoretically for their suc-
cessful and economical use in organic
solar cells. The designed molecules
studied by four different computa-
tional methods B3LYP, CAM-B3LYP,
MPWIPW91, and WB97XD, with the
basis set 6-31G (d, p). The elec-
tronic and optical properties of the
proposed molecules were analyzed;
these were found much better on the
subject of their electronic structure
and bandgap than the parent molecule
(BsubPc-Cl). The maximum absorp-
tion (577.9nm) was observed by Bsub-
PcM3, along with the lowest Eg(2.46
eV), credit to the 2-methylisoindoline-
1,3-dione group. The hole mobility
for BsubPcM4 and BsubPcM1 is
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smaller than BsubPc-Cl. The reor-
ganization energy value for electron
was found as BsubPc-Cl > Bsub-
PcM4 > BsubPcM1 > BsubPcM2.
The lower value of electron mobil-
ity concludes that designed molecules
are best for electron transport mate-
rial. Shifting of electron density by
acceptor groups was studied by Den-
sity of states (DOS), which verified
the shreds of evidence obtained from
(HOMO & LUMO) quantum mechan-
ical studies. The charge transfer anal-
ysis give a high value of Voc for Bsub-
PcM1with PC61BM indicates the suc-
cessful moving of electron from donor
to acceptor part of the complex. Hence,
proposed molecules could be imple-
mented to design efficient organic solar
cells with broad absorption ranges,
as they have excellent optoelectronic
properties.
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