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ABSTRACT Considering the importance of single-electron transistors (SETs), many studies have been
done over the past decade to develop the use of SETs and improve their efficiency in both the experimental
and theoretical fields. One of the most important challenges in SETs study is their optimization for use in
human-compatible Nanobots for purposes such as drug delivery and destruction of cancer cells. Therefore,
the use of human-compatible molecules as an island in these transistors is very significant. In this work,
the density functional theory (DFT) & non-equilibrium Green’s function (NEGF) methods have been used
for SETs modeling study of the first principle computations in the coulomb barricade system of SETs based
upon themetal-organic complex of ascorbic acid (vitamin C), thiamine (vitamin B1), riboflavin (vitamin B2),
nicotinic acid (vitamin B3), pantothenic acid (vitamin B5), pyridoxine (vitamin B6), biotin (vitamin B7) and
folic acid (vitamin B9). The isolated molecules and SET structures are analyzed based upon premises of
overall energies, ionization energies, affection energies, addition energies, charging energies, gate coupling
constant, density of states (DOS) plot, and charge stability diagrams (CSDs). It’s established that riboflavin
(vitamin B2) in the habitat of SET has a decline in the additional energy and has the lowest addition energy
and lowest charging energy at the neutral charge in the SET environment along with higher conductivity as
evident from the CSD comparison has been revealed. Summing up the results and analyses indicate that a
riboflavin molecule is a suitable option for SETs with a molecular island compatible with the human body.

INDEX TERMS Single-electron transistor (SET), vitamin C, vitamin B group, charging energy, metal-
organic complex, charge stability diagram (CSD).

I. INTRODUCTION
Due to the increasing development of electronic equipment
and being the incessant scaling down of device sizes, semi-
conductor devices are very close to their physical limits,
there is an instantaneous need to develop next-generation
technologies, in the designation of both device structures
and physics [1], [2]. With the technology of getting smaller
which confronts Moore’s law i.e., the transistor poll on a
chip multiplies at the rate of 2X per every 2 years [3],
so nanoelectronic researchers are greatly keen on studying
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distinctive nanodevices like carbon nanotube/graphene
tunnel field-effect transistors (FETs) and sensors [4]–[8],
organic FETs [9], [10], single-molecule devices [11], [12],
single-electron transistors (SETs) [13], [14] and junction-less
nanowire transistors [15], [16]. For promising features like
very fast switching speed and quantum tunneling-based oper-
ation, SETs are a substantial topic for researchers [17]. SETs
are based on a nano-island such as one molecule sandwiched
by tunneling between source and drain electrodes and is
coupled with a third electrode (Gate) and at the base of
island/quantum dot a single sheet of the dielectric compart-
ment, for controlling the SET that showed in the schematic
of Fig. 1 on the island, electrons are limited and quantitative.
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FIGURE 1. The schematic diagram for the single-electron transistor (SET).

The current surplus charges on the SET island. Using quan-
tum dots in SET is because that, addition or removal of a
single electron changes the electrostatic energy, and thus
inflow and outflow of electrons can be controlled [18], [19].

We can explain the transporting of the electron, by sequen-
tial tunneling of single electrons, in SETs. The afore-
mentioned procedure is additionally mentioned as the
Coulomb blockade that is the basis for the understanding of
molecule-based transistors and affects the energy levels of
the island as well as source and drain electrodes [20], [21].
The brief settlement of an electron on the island as a result
of no-localization and coherent gesture in the scheme by
the burrowed electron from the origin is titled coherent
transport (CT), which is the cause of the coherent trans-
port regime (CTR) causing hindrance in the SET when the
connectivity amid the island is guarded [22].

Another inhibiting system is the Coulomb blockade (CB)
procedure that occurs when a fragile coupling is initiated
amidst the electrodes. By the virtue of compensation of the
electron on the island to deplete converts into a self-governing
from the burrowing procedure of the origin so, for elec-
tron transportation, the preference should have the island’s
electronic level. This supervision of the presence of the
electronic level in the preference window is accomplished
by the gate electrode. The composed electron burrowing of
SET generates ultra-low-power leftovers, as a result of the
carrier scattering and inadequacy of impact and bump; so the
current intent is to attain Coulomb blockade regime (CBR)
for SET [23].

We define the energy of the island with the function
of Eisland(I), and similarly, Esource(S) and Edrain (D) for the
energy of source and drain electrodes [23].

Esource (S)+ Eisland(I) ≥ Esource (S−1)+ Eisland (I+1)

(1)

Edrain (D)+ Eisland(I+ 1) ≥ Edrain (D+ 1)+ Eisland (I) (2)

S, I, and D are the fundamental sum of electrons in the
source electrode, island, and drain electrode, correspond-
ingly [24]. The utmost energy of the electron can be shown
in the origin electrode with −W+ eV

/
2, where V is the

enforced bias and W is the work function of the electrode.
With tunneling of the electron with the highest energy to the
island:

Esource (S)− Esource (S− 1)= −W+ eV
/
2 (3)

By putting in equation (1) we have:

−W+ eV
/
2+ Eisland(I) ≥ Eisland(I+ 1) (4)

Similarly, −W+ eV
/
2 is the minimal energy of an elec-

tron in the sewer, and so with equation (3) for drain electrode
and equation (2), we have:

Eisland (I+ 1) ≥ −W+ eV
/
2+ Eisland(I) (5)

TABLE 1. Research in various sub-domains of SET technology in the
recent years.

The necessity for a tide to proceed in the device is:

e |V |
/
2 ≥ 1E island (I )+W ≥ −e |V |

/
2 (6)

where1Eisland (I) = Eisland (N+ 1)−Eisland (N) is the filling
energy of the island [20].
In a SET composition, the sum of organic and inorganic

molecules has been certified as an island [25]–[30]. Much
valuable research has been done in the field of prospec-
tive SET-based technology, and a comprehensive list of this
research in recent years has been summarized in Table 1.
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One of the important applications of SETs is their use in
nanorobots for medical purposes. The dimensions reducing
of robots operating system has the potential for advancing
medical treatment like accessibility to far-off and difficult
parts of the body and execute various medical methods for
eliminating tumors and cancer cells. Notwithstanding the
development of medical nanorobots in the recent decade,
propelling these devices to widespread clinical use is an
important necessity and serious challenge of this field that
has not been achieved yet. A medical nanorobot is defined
as a structure in nano dimensions that consists of a motor
that can convert various forms of energy into mechanical
force and perform its mission in the body using electrical
commands, so the simulating and construction of transistors
in molecular and nano dimensions to establish the hardware
of these robots is one of the important challenges of this
purpose [64]–[69].

Various researches have been done in the field of suitable
transistors for these nanorobots [70]–[72] and single-electron
transistors with molecular islands compatible with the human
body seem to be able to help us achieve this goal because of
their unique properties.

In the present study, As the first principal simulation
research, vitamins C and B group as organic molecules fully
compatible with the human body have been investigated for
use in single-electron transistors. The significance of this
study is that there are now extensive studies on nanorobots,
aimed at drug delivery or the elimination of cancer cells in
the body but no study has used organic molecules compatible
with the human body, such as vitamins, as the island of
single-electron transistors. We need to study single-electron
transistors with organic and human-compatible quantum
dots, to utilize their nanometer-sized features and high effi-
ciency in nanorobots fabrication in the future. To this end,
the use of vitamin C molecules and group B vitamins seems
to be appropriate as an island, as they are fully compatible
with the needs of the human body and are fully compatible
with the cells of the body.

TABLE 2. Basic chemical and physical properties of ascorbic acid (vitamin
C), thiamine (vitamin B1), riboflavin (vitamin B2), nicotinic acid (vitamin
B3), pantothenic acid (vitamin B5), pyridoxine (vitamin B6), biotin
(vitamin B7) and folic acid (vitamin B9) molecules.

FIGURE 2. Optimized structure of (a) ascorbic acid (vitamin C),
(b) thiamine (vitamin B1), (c) riboflavin (vitamin B2), (d) nicotinic acid
(vitamin B3), (e) pantothenic acid (vitamin B5), (f) pyridoxine (vitamin
B6), (g) biotin (vitamin B7), (h) folic acid (vitamin B9) molecules.

II. METHODS AND COMPUTATIONAL DETAILS
In this work, 8 SETs with ascorbic acid (vitamin C),
thiamine (vitamin B1), riboflavin (vitamin B2), nicotinic
acid (vitamin B3), pantothenic acid (vitamin B5), pyridoxine
(vitamin B6), biotin (vitamin B7) and folic acid (vitamin B9)
molecules with chemical and physical properties given
in Table 2, like the island, since it can depict organizations
with discrete equilibrium and can also replicate molecular &
atomic-scale organizations to compute their physical and
electrical features; therefore it’s modified for which density
functional theory (DFT) based Gaussian 03 software and
accelerated utilizing the Atomistix Toolkit-Virtual Nano Lab
(ATK-VNL) software seeing that it consists of a collection of
atomic-scale modeling methods.

The optimized structure of ascorbic acid (vitamin C),
thiamine (vitamin B1), riboflavin (vitamin B2), nicotinic
acid (vitamin B3), pantothenic acid (vitamin B5), pyridoxine
(vitamin B6), biotin (vitamin B7), and folic acid (vitamin B9)
are shown in Fig. 2.

III. RESULTS AND DISCUSSION
Based upon academic and exploratory studies and researches,
there are 2 procedures recommended primarily which are
adaptable with the inspections on interface coupling amid
molecules and electrodes. The first procedure which alters
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all molecular orbitals likewise whereas relocating them in an
identical route (up or down), accommodates the interfacial
dipole which is developed due to fractional charge conversion
amid the orbitals of the molecule and electrode. The second
procedure is renormalization of the transported gap, in which
figure charges in the electrodes due to the motion of electrons
are the base of this happening (either added or removed
from the molecules), by which in this method the involved
degrees migrate upwards and the disengaged ones migrate
downwards energy-wise.

FIGURE 3. The schematic diagram for the HOMO-LUMO gap.

In the two procedures, the diversion in molecular energy
levels is positively correlated with the cohesion of the inter-
face coupling. We need to comprehend the disparity among
the highest occupied molecular orbital (HOMO) and low-
est unoccupied molecular orbital (LUMO), to define the
classification of orbital energy grades and transport gap struc-
ture revision with the electrode mass of conditions expands
at the Fermi level. HOMO is investigated as the minimum
of the valence band and LUMO is considered the maxi-
mum of the conduction band. These two parameters have
extensive momentous during the investigation of the analyt-
ical design of nanoscale devices. The gap betwixt HOMO
and LUMO expresses the thermodynamic stability of the
molecular device. The higher gap is the higher stability.
The alterations of HOMO-LUMO gaps happen because of
the changes in energy levels, indeed the changes of HOMO
and LUMO energy levels [73] that are shown in Fig. 3.
It should be noted that semi-local DFT methods can underes-
timate HOMO-LUMO energy gaps which can affect NEGF
transport [74], [75].

DFT calculations for all energy levels of each natural mole-
cules of ascorbic acid (vitamin C), thiamine (vitamin B1),
riboflavin (vitamin B2), nicotinic acid (vitamin B3),
pantothenic acid (vitamin B5), pyridoxine (vitamin B6),
biotin (vitamin B7) and folic acid (vitamin B9) molecules
were performed byATK software. From software output data,
the respective EHOMO, and ELUMO are reported in Table 3.
The HOMO-LUMO division is discovered to be 3.37 eV,

3.51 eV, 2.01 eV, 3.18 eV, 4.38 eV, 3.89 eV, 3.8 eV, and
1.83 eV for ascorbic acid (vitamin C), thiamine (vitamin B1),
riboflavin (vitamin B2), nicotinic acid (vitamin B3),

pantothenic acid (vitamin B5), pyridoxine (vitamin B6),
biotin (vitamin B7) and folic acid (vitamin B9) molecules,
respectively. The merest amount in the HOMO-LUMO diver-
sion is detected for folic acid (vitamin B9) and riboflavin
(vitamin B2) molecules because the lower HOMO-LUMO
gap refers to higher conductivity of the molecule [76].

In the following, the simulation of SET in the electro-
static environment is accomplished by utilizing ATK-VNL
with designing which is shown in Fig. 4. For the geom-
etry of SET, we used a 3.7-angstrom wide dielectric strip
with a dielectric constant of 10 ε0, and a metal back-gate
with 1-angstrom thickness, and encircled by origin and cul-
vert metal electrodes with 4-angstrom thickness. The elec-
trodes were selected from gold with a work function equal
to W = 5.28 eV and amidst the origin-culvert electrodes,
the molecules are situated on the gate electrode which is
garnished with the gate dielectric. All the 8 molecules are
designed in the SET composition utilizing DFT established
ATK-VNL program with double-zeta polarized (DZP) and
local density approximation (LDA) based appointed for
broadening the wave tasks. The Poisson solve scheme has
been brought to use with Neumann boundary circumstances
so that we can have zero units of the common electric terrain
at the borders.

Overall energies have been forecasted so that we can dis-
sect the charge cohesion diagram for the particular SETs,
as the SETs have been accelerating for the islands/molecules.
Total energies for distinct charge states −2, −1, 0, +1,
+2 for the simulated structures, and the sum of energy
was computed for various charge cases of the SETs
which are disclosed in Table 3. To acquire the charg-
ing energies the ground-state total energies of the neutral
island/molecule in the SET environment for ascorbic acid
(vitamin C), thiamine (vitamin B1), riboflavin (vitamin B2),
nicotinic acid (vitamin B3), pantothenic acid (vitamin B5),
pyridoxine (vitamin B6), biotin (vitamin B7) and folic acid
(vitamin B9) are calculated to be−3676.45 eV,−4035.10 eV,
−6686.69 eV, −2163.38 eV, −4131.11 eV, −3007.82 eV,
−4033.76 eV and −7800.22 eV, respectively. It can be seen
that folic acid (vitamin B9) and riboflavin (vitamin B2) have
the lowest ground state total energies and therefore they’re
more balanced compared to the other 6 molecules.

The energy that needs to include an electron to the island
is affinity energy (EA) and the energy needed to charge the
funnel intersection with one main charge designated as the
charging energy also ionization energy (EI) is the energy
needed to eradicate an electron from the island:

EI = E(N− 1) E(N) = E+1 E0 (7)

EA = E(N+ 1)E(N) = E−1E0 (8)

where E(N) or E0 is the overall energy of the impartial
system having N electrons, E(N− 1) or E+1 is the overall
energy of the positively charged system having N1 elec-
tron, and E(N+ 1) or E−1 is the overall energy of the
negatively charged system having N+ 1 electrons [77].
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FIGURE 4. The SET configuration of (a) ascorbic acid (vitamin C),
(b) thiamine (vitamin B1), (c) riboflavin (vitamin B2), (d) nicotinic acid
(vitamin B3), (e) pantothenic acid (vitamin B5), (f) pyridoxine (vitamin
B6), (g) biotin (vitamin B7), (h) folic acid (vitamin B9).

Correspondingly, for the consecutive molecular system, ion-
ization and affinity energy are:

E+1I = E+2 E+1 (9)

E−1A = E−2E−1 (10)

FIGURE 5. The contour plot shows the induced electrostatic potential for
SET configuration of (a) ascorbic acid (vitamin C), (b) thiamine
(vitamin B1), (c) riboflavin (vitamin B2), (d) nicotinic acid (vitamin B3),
(e) pantothenic acid (vitamin B5), (f) pyridoxine (vitamin B6), (g) biotin
(vitamin B7), (h) folic acid (vitamin B9).

and also, additional energy (Eadd) is the contrast amidst
ionization energy and affinity energy and is shown as [78]:

Eadd = EAEI (11)

TABLE 3. ETotal for states 0, +1, −1, +2, −2, highest energy occupied molecular orbital (EHOMO), lowest energy unoccupied molecular orbital (EHOMO),
ionization energies (EI and E+1

I ), affinity energies (EA and E−1
A ) and additional energy (Eadd) of ascorbic acid (vitamin C), thiamine (vitamin B1), riboflavin

(vitamin B2), nicotinic acid (vitamin B3), pantothenic acid (vitamin B5), pyridoxine (vitamin B6), biotin (vitamin B7) and folic acid (vitamin B9) in the
isolated environment and the SET environment.
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TABLE 4. Charging energies, En−1 − En of different charge states of ascorbic acid (vitamin C), thiamine (vitamin B1), riboflavin (vitamin B2), nicotinic acid
(vitamin B3), pantothenic acid (vitamin B5), pyridoxine (vitamin B6), biotin (vitamin B7), and folic acid (vitamin B9) in the isolated and SET environment at
zero gate voltage.

Ionization energies, affinity energies, and additional
energy for both the segregated habitat and the SET habitat are
reported in Table 3. It can be seen in Table 3 that, riboflavin
(vitamin B2) has decremented in the additional energy and
has the lowest addition energy and fromTable 4, it can be seen
that it has the lowest charging energy at the neutral charge
in a SET environment, resulting in an enhanced balance of
the molecule and transforming into an improved selection for
brisk transmission is a SET habitat. In Table 4, the charging
energies computed for all the molecules are reported for
isolated and SET configuration at zero gate voltage. Sta-
bilization of charge on the molecules by the electrostatic
neighboring in a SET habitat is the reason for the devaluation
in+2 and+1 charge conditions of charging energies that can
be seen in most circumstances from detached to SET habitat
to the molecules in Table 4.

The alteration of overall energies with relevance to
gate voltage for various charge conditions is demonstrated
in Fig. 6 in which various charge conditions are given dif-
fering colors, blue for −2, green for −1, red for 0, turquoise
for 1, and violet for 2. To analyze the overall energies of vari-
ous charge conditions, it’s considerable to include the energy
of the supplementary electron. The energy of a supplementary
electron is given by the work function of the golden electrode
as an electron cache. The balanced charge condition of the
molecules for a given gate voltage is the minimum energy
condition.

From the positive gate, the molecule ingests an electron
transforming it negatively charged and fluctuating the LUMO
level of the molecule to below the electrode’s Fermi level,
which leads to the cohesion examination. Rejecting an elec-
tron at the negative gate molecule, transforming it positively
charged and theHOMO level of themolecule transforms to be

exposed beyond the electrode’s Fermi level. The indifferent
condition is the minimum energy condition, in the field sur-
rounding zero gate voltage, since the gate calamity is nearly
linear and the tilt is linked to the charge condition of the
molecule.

As can be seen in Fig. 6, all the molecules are at their
minimal energy form in their indifferent condition in 0 charge
condition (red) and thus are more balanced in their indiffer-
ent condition. Gate coupling constant (α) for ascorbic acid
(vitamin C), thiamine (vitamin B1), riboflavin (vitamin B2),
nicotinic acid (vitamin B3), pantothenic acid (vitamin B5),
pyridoxine (vitamin B6), biotin (vitamin B7) and folic acid
(vitamin B9) SETs are reported in Table 5. To attainment as
many charge states as possible, the gate coupling constant
must be large enough. Therefore, the gate coupling con-
stant for folic acid (vitamin B9), thiamine (vitamin B1), and
riboflavin (vitamin B2) calculated 0.45, 0.44, and 0.38 which
were more coupled with gate than other molecules and these
are in a better state than other SETs, respectively and show
an almost linear relationship among the total energy and the
gate potential than others, since all atoms are approximately
shifted by the gate potential identically, as can be seen in
Fig. 5 that has obtained electrostatic potential induced by the
gate voltage for all SETs by subtracting the potential (at zero
gate voltage) from the electrostatic potential (at a given gate
voltage).

The density of states (DOS) plot evinced as a function of
energy demonstrates the numeral of states that exist in a struc-
ture per unit of energy and is necessary for ascertaining the
energy dispensations of carriers and carrier concentrations.
This evaluation should also be performed to give a better
understanding of charge flow due to variation at themolecular
level due to applied gate voltage. especially, to justify the

TABLE 5. Gate coupling constant (α) for ascorbic acid (vitamin C), thiamine (vitamin B1), riboflavin (vitamin B2), nicotinic acid (vitamin B3), pantothenic
acid (vitamin B5), pyridoxine (vitamin B6), biotin (vitamin B7) and folic acid (vitamin B9) SETs.
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FIGURE 6. The total energy as a function of the gate voltage for
(a) ascorbic acid (vitamin C), (b) thiamine (vitamin B1), (c) riboflavin
(vitamin B2), (d) nicotinic acid (vitamin B3), (e) pantothenic acid
(vitamin B5), (f) pyridoxine (vitamin B6), (g) biotin (vitamin B7),
(h) folic acid (vitamin B9) SETs. Different curves are for different charge
states of the SET, blue (-2), green (-1), red (0), turquoise (1), and violet (2).

shift in energy levels due to applied gate voltage [79]. For this
purpose, state density diagrams were calculated and plotted
for each of the 8 devices, which are shown comparatively
in Fig. 7. In the magnified view of Fig. 7, it can be seen
that the DOS plot for the SET configuration of riboflavin
(vitamin B2) and folic acid (vitamin B9), were significantly
different from all other DOS curves, and these two devices
have many abrupt spikes in energy states and sharp energy
peaks in their DOS plot. These sharper energy peaks show
the more conductivity of these SET devices [80].

The applicability among the overall energy and the gate
capability for the other 6 molecules is nonlinear. For these
molecules, the gate coupling evolves into a tinier form,
considering that the atoms nearest to the dielectric domain
evaluate the gate capacity for the remainder of the molecule.
Polarization energy that grants the second-order addition to
the overall energy, because the charges on the various atoms
in the molecule permit the formation of a molecular dipole.
Charge stability diagrams (CSD) have been devised to exam-
ine the transmission by computing the sum of energies of
different charge conditions of the molecules as a behavior of
gate voltage and the origin-culvert tendency for all molecules

FIGURE 7. Density of states (DOS) plots for the SET configuration of
ascorbic acid (vitamin C), thiamine (vitamin B1), riboflavin (vitamin B2),
nicotinic acid (vitamin B3), pantothenic acid (vitamin B5), pyridoxine
(vitamin B6), biotin (vitamin B7) and folic acid (vitamin B9) molecules.

of the vitamin C and vitamin B group considered and are
conferred in Fig. 8 and for SETs expressed in Fig. 9. Contrast-
ing shades indicate the number of molecular grades existing
inside the tendency window (dark blue as 0 energy level, light
blue as 1 energy level, turquoise as 2 energy levels, yellow
as 3 energy levels, and red as 4 energy levels). CSDs are
surveyed for all the molecules to examine the transmission
and conversion pace of their molecular and specific SET
composition. Source-drain bias, gate voltage, and central dia-
mond area, extracted from charge stability diagrams (CSDs)
for molecular and respective SET configurations are reported
in Table 6.

In consonance with Table 6 and results from analysis
of CSDs of all the islands in Fig. 9, it’s discovered that
the gate voltage difference (1Vg) of the molecules in the
SET surrounding is deteriorating and thus the excitement
energy required to deliver the SET within an initiation con-
dition is declining according to the arrangement of biotin
(7.74 V) > pantothenic acid (7.73 V) > nicotinic acid
(7.46 V) > ascorbic acid (7.4 V) > pyridoxine (7.07 V) >
folic acid (5.6 V) > riboflavin (3.99 V) > thiamine(3.33 V).
By calculating the area of the central diamond for all
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TABLE 6. Source-drain bias, gate voltage, and central diamond area, extracted from charge stability diagrams (CSDs) for molecular and respective SET
configurations of ascorbic acid (vitamin C), thiamine (vitamin B1), riboflavin (vitamin B2), nicotinic acid (vitamin B3), pantothenic acid (vitamin B5),
pyridoxine (vitamin B6), biotin (vitamin B7) and folic acid (vitamin B9).

FIGURE 8. The charge stability diagram plots for (a) vitamin C,
(b) vitamin B1, (c) vitamin B2, (d) vitamin B3, (e) vitamin B5,
(f) vitamin B6, (g) vitamin B7, (h) vitamin B9, isolated molecules. The
colors show the number of charge states in the bias win.

designed SETs, we conclude that the same expression is
seen again. Thiamine (vitamin B1), riboflavin (vitamin B2),

FIGURE 9. The charge stability diagram plots for the SET configuration of
(a) vitamin C, (b) vitamin B1, (c) vitamin B2, (d) vitamin B3, (e) vitamin B5,
(f) vitamin B6, (g) vitamin B7, (h) vitamin B9 molecules. The colors show
the number of charge states in the bias window for a given gate voltage.
The color map is blue (0), light blue (1), green (2), orange (3), and red (4)
As shown in the diagrams below.

and folic acid (vitamin B9) have the least central diamond
areas in the charge stability diagrams (CSDs), respectively.
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FIGURE 10. Graphical abstract.

Taking into account all the investigations carried out in this
study, the molecule riboflavin (vitamin B2) in the SET habi-
tat demonstrates a decline in the supplementary energy and
has the minimum amount of extensional energy and lowest
charging energy at the neutral charge in the SET environment,
thus finding an enhanced transitive and conductive island
compared to the other molecules of vitamin C and B group.
Besides, CSDs aid it for the improved island operations which
their basis is SET.

IV. CONCLUSION
Nowadays making nanometer-sized transistors compatible
with the human body, for use in nanorobots built for missions
such as drug delivery or to destroy cancer cells absorbed
more attention. In this research, the single-electron transistor
utilizing ascorbic acid (vitamin C), thiamine (vitamin B1),
riboflavin (vitamin B2), nicotinic acid (vitamin B3),
pantothenic acid (vitamin B5), pyridoxine (vitamin B6),
biotin (vitamin B7) and folic acid (vitamin B9) as the island
was investigated. Via utilizing the bundle of Gaussian 03 and
ATK-VNL by exploiting DFT and NEGFS techniques these
SETs have been accelerated. An analysis of accelerated SETs,
overall energies, extension and charging energies, ionization
and resemblance energies, density of states (DOS) plot, and
charge stability diagrams (CSDs) have been done, to fathom
their demeanor and efficiency. At the zero-gate voltage, they
are balanced while they’re in their indifferent condition since
their overall energy vs. gate voltage design demonstrates the
same at all of the islands. Gate coupling constant for folic
acid (vitamin B9), thiamine (vitamin B1), and riboflavin
(vitamin B2) calculated 0.45, 0.44, and 0.38 which were
more coupled with gate than other molecules respectively.
The analysis of the CSD comparison shows that riboflavin
(vitamin B2) in the SET environment represents a reduction
in the additional energy and has the lowest additional energy
and lowest charging energy at the neutral charge in the
SET environment along with higher conductivity. In both
cases, the isolated molecule and the SET environment, charge

stability diagrams (CSDs) shows that thiamine (vitamin B1),
riboflavin (vitamin B2), and folic acid (vitamin B9) have
the least central diamond areas respectively, therefore, they
have a higher electron transfer rate and better performance
than other molecules in the SET environment. Summing up
the results and analyses indicate that a riboflavin molecule
is a suitable option for a single-electron transistor with a
molecular island compatible with the human body.

APPENDIX
See Figure 10.
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