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ABSTRACT

The biologically derived materials are a cost effective and environmentally benign for using an inkjet deposition of liquid exfoliation.
MoS, and Graphite can be easily exfoliated in a liquid media to extract individual layers. In this work, we exhibited building van der
Waals hetero-structures based on Graphene/MoS,, 2D blocks with structures of layer-by-layer stacking in viewpoint of surfactant
exfoliation with several suitable of biologically derived materials using inkjet deposition technologies. This simulation indicates that
Graphene is a suitable substrate for MoS, growth towards generating the Graphene/MoS, hetero-structures with non-bonded or van der
Waals interactions. In this study, we have shown the sulfonic groups in the cation surfactants are most effective for any dispersion in the
LPE process of Graphite/MoS,. Moreover, the IONIC surfactants have excellent efficiencies compare to those non-ionic or zwitterion
structures. Usually, these sequences might be suggested for any dispersion in the LPE processing as cation>anion>zwitterion>nonionic.

Keywords: MoS2, TMD, thin films, inkjet printing, industrial printing, 2D inks, liquid exfoliation, Graphene.

1. INTRODUCTION

The synthesis and production of 2D materials such as
Graphene are much important for industrial and research centers.
Printed electronics devices are based on novel techniques
including several advantages such as the low-cost production of
large-area devices, where fundamental need can be seen [1-3].
Developing methods to produce high-purified exfoliated nano-thin
films are important in new worlds. The liquid-based exfoliation
(LBE) of nano-sheets in biopolymers solvents are one of the most
important ways for these kind activities [4-7].

Scheme 1: MoS,, the most common metal dichalcogenide, adopts a
layered structure.

Metal dichalcogenide has the general formula as the “XY,,
where X is a transition metal and Y is one of the elements from
6A groups in Mendeleyev table (S, Se, Te). They are unclear
diamagnetic solids, insoluble in many of solvents along with a
strong semiconducting property. Their electronics and orbitals
structures are generally have been classified as derivatives of X*,
where X** = Ti** (d%), V** (d%), Mo*" (d?). TiS, was investigated in
cathode for the secondary battery because of its ability to
reversibly undergo intercalation by lithium [3, 4 and 7].

MoS; is the subject of many thousand publications where
mainly is ore of molybdenum so called molybdenite (scheme 1).
Nano-sheet thin films through a liquid dispersion can be simulated
to produce 2D inks for using inkjet printing. Recently, the suitable
of layered materials such as molybdenum disulfide (MoS,) is
widely used for printed electronics devices [8-12]. Amazing
group’s materials that might be important in printed electronics
devises are 2D-materials such as Graphene and transition metal
dichalcogenide (TMD) which MoS, is one of the important
examples of such TMD semiconductors as a non-toxic
semiconductor [13,14].

Moreover, the electron dynamism of the layered
semiconductors, making them a perfect replacement within high-
performances materials as a suitable semiconductor in printed
electronics. The MoS, [8, 11, 13] is a simplest and powerful
semiconductor material which is also appropriate for both solution
printing (coating) & environmentally benign [15-17]. The
mechanical behavior of such layered materials (MoS;), make them
suited molecules for electronics processing practically. The
simulation investigated by this work could be applied for
exfoliating in several types of 2D sheets in organic liquids which
contains two exfoliation phases including (1): mechanical
exfoliation utilizing sandpapers from the bulk powders, and (2):
the liquid dispersion and sonication over the nano sheets [18-20].
The highest electrons motilities of those TMD materials such as
MoS, in comparison with other printable semiconductors (the
organic molecules), make applications using thin films of layered
materials as very interesting. General applications can be found
for those materials in the fields of gas detector, catalysis, energies
storages and solar cell systems, but so far, the main body of work
has focused on single nanosheets. By this simulation, it has been
suggested the simplest ways in ink developing to drop formation,
break-of at the nozzle and consequently the printing qualities [21].
Inkjet printing is a material-patronizing deposition method used
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for liquid phase composition and the inks material generally is a
solute dissolved for dispersion in the solvents [22, 23]. The
mechanisms basically contain two steps, one the rapid rejection of
ink in a cell via a nozzle and second the quasi-adiabatic reduction
of the cell volume through piezoelectric reactions. Chamber cells
filled with liquids are compressed due to an external voltage and
quickly make up a shock-wave, which causes the liquid dropping
and ejecting from the nozzle [24, 25].

Under gravity forces, the drops fall down and their motion
spread in two dimensions while the tension aided flow along the
surfaces and then the drops dry via solvent vaporization [26-28].
Recent investigation exhibit which drops spreading and the last
printed situation completely depends on the viscosity of solvents
and the viscosity is a function of the polymer’s molar mass and
also a function of the polymer concentration. Although there are
wide-developing by metallic and organic printed electronic ink’s
devices, there are still a necessary improving or developing of

2. EXPERIMENTAL SECTION

2.1. Liquid-Phase Exfoliation (LPE). MoS, and Graphite can be
easily exfoliated in a liquid media to extract individual layers. The
LPE mechanism usually consists of three steps of (1) dispersion in
a solvent, (2) exfoliation in a solvent, and (3) purification.MoS,
mono layer and also Graphene flakes can be produced by
surfactants free exfoliation from graphite or MoS, crystal layers
via a chemical wet dispersion processing in several organic
solvents. After exfoliation, the solvent—layer interaction manages
the balancing of the inter-sheet attractive forces. In this work
different solvents have been considered for simulating the MoS,
exfoliation. In order to determine exfoliation yields it is necessary
to fit the exfoliated MoS, materials providing both qualitative and
quantitative data. For any further results and discussion; QM/ MM
calculations have been done for solvents versus MoS, layers with
different mole ratios are important for estimating the concentration
of dispersion.

Hexaflurobenzene

¢

Octafluorotoluene

eg o

Pentaflourobenzonitrile

Fig. 1: Solvents used as liquid media in the exfoliation process including:
N-methyl-2-pyrrolidone (NMP), dichlorobenzene (DCB) and per-
fluorinated aromatic solvents for colloidal dispersions.

novel inks based on semiconductors and stable compounds such as
TMD which has a suitable jetting position for delivering a good
within high quality of printing [29, 30]. Therefore the suitable way
is using of a novel approach via the liquid-based exfoliation (LBE)
application of a nanosheet in several solvents, which is the first
step of obtaining thin films. Although the process of exfoliating
Graphene layers from a pristine graphite crystal is the simplest
exfoliation method for the micromechanical division to separate
the layers from MoS2, limiting its application to devices that
employ single nanosheets of 2D materials [14-24]. Scalable
exfoliation approaches within higher efficiency has investigated
by several researchers [15-18], and one type of theme has been
expanded by Coleman et al. [20]. Based on one of our works [31],
we used the exfoliation method of MoS2 dispersions in various
organic solvents such as various surfactants and several aromatic
compounds [31].

Although the van der Waals attractions between adjacent
layers are weak and unstable, the attraction is tight enough for
making complete exfoliation into individual layer by layer
challenging. Obviously, a single-layer of MoS, sheets through
exfoliations have been produced via surfactants media especially
anion surfactants. For the large-scale production of MoS, layers,
many unsuccessful attempts have been made with several solvents
because successful exfoliations need the conquering of the van der
Waals attractions among the adjacent MoS; layers. One of the
main important methods for reducing the strength of the van der
Waals forces is liquid plunging, where the potential energies
among adjacent layers have been contributed by dispersive
London forces, which in the media of a solvent are significantly
reduced with respect to vacuum.

It is notable that interfacial tension plays an important role

during plunging of the solid surfaces e in solvent media. If the
interfacial tension between solids and liquids are much higher,
there is weak dispersion ability in the solids inside the liquids. In
the case of MoS,, if the interfacial tension is high, the layers tend
to cohere to each other and the cohesion between them is higher.
Commonly, water has more use for the solid surfaces energies,
because surfaces tensions of dispersed phases of water are 21.5
mJ/ m? and its polar phase is 52.0 mJ /m?. Solvents with high
surfaces tensions are a suitable solvent for these kind dispersions
of MoS,. By this work, several solvents including cation, anion,
zwitterion and nonionic forms such as 6, 8-Dihydroxyle-1, 3, 6, 8-
pyrenedisulfonic acid, 1-Pyrene carboxylic acid, N-methyl-2-
pyrrolidone (NMP), N, N-dimethyl-form amide and Ortho-
dichlorobenzene (0-DCB) have been simulated, in Figs.(1-4).
2.2. Surfactant & Liquid media in MoS, and graphite
exfoliation. Surfactants can promote the exfoliation of MoS; into
one layer structure, especially during the high energies of
adsorption on the MoS,, and especially being higher than the one
of the surfactant molecule interacting with those surfaces. The use
of ion surfactant might be also stabilizing exfoliated structure in
organic solvents such as DMSO, Ethanol, and Methanol.
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Fig. 2: Pyrene derivatives used as surfactants in the process of LPE of
MoS, and Graphene for Inkjet deposition of liquid-exfoliated

1-Pyrenecarboxylic acid
between two layers of

Non bonded interaction ‘ﬁ.

Fig. 4: 1-Pyrenecarboxylic acid between two layers of MoS,

Water is a natural matter as an aqueous dispersion due to its
non-toxicity that opens the perspective for the materials for
biomedical applications. Although the exfoliation of MoS, in

water is exclusively challenging due to the hydrophobic nature of
the sheets, such a challenge can be overcome by using surfactants.
Surfactant individually may stabilize the nano-sheets via the
mechanisms of semi-micelles, as exhibited in recent research [32,
33]. Sodium dodecy! sulfate (SDS) is one of the most important
surfactants for exfoliation and it’s charging which could also
influence the net charges densities on the unit surface (as instant
for ionic surfactant) which has been applied in our work.
Furthermore, adding surfactant is needed for controlling the
surfaces tension of the inkjet inks that is a majority subject during
dropping formation at the inkjet printing nozzles. One of the
important parameters for 2D inks is electrophoretic mobility or
zeta potential which can evaluate the stability of the surface
through estimating the surfaces charges of a nano-sheet via
electrophoretic mobility properties. Electrophoresis’s mobility is
an evaluation of the zeta potentials. The measurements are
performed via estimating the rates of diffusion for the surfaces
charges when the electrical fields are applied. These rates of
diffusion are related to the strengths of electrical fields. The
electrophoresis’s mobility measures inter-Fe"-metric’s laser
technique which enabled the calculations of electrophoresis’s
mobility for estimating zeta potential.

Surfactants allow exfoliated sheets for remaining
suspended due to their p —p stacking interactions with MoS,, the
polycyclic aromatics hydrocarbons show suitable behavior in this
matter.

Pyrene derivative has been applied by various functions for
stabilizing MoS; dispersion.

The number of MoS; and Graphene layers can be evaluated
via the experimental activities (Rayleigh spectroscopy) [36], while
the theoretical calculation can be estimated through an ab-initio
method. Although this kind of approaches only works for some
exfoliated samples, does not provide other electronics information.
Raman spectroscopy can be applied to all Graphene samples.
Moreover, it is able to identify by-products, damages, electronics
perturbation introduced, structural and functional, chemical
modifications during the preparation, processing or placement of
both MoS2 and Graphene. As a result, a Raman spectrum is an
important tool for comparing some samples in viewpoint of
qualities, controlling. Recently, there are significant approaches
and methods for understanding the Raman spectroscopies in MoS2
exfoliation, such as doping, oxidation, electrical mobility.
Commonly, Raman spectroscopies are used for determining
exfoliation yields to parallel confirmation with results of AFM or
TEM.

The distances among stacked parallel MoS, layers in bulk
structures have been calculated via DFT methods. Although the
van der Waals attractions among adjacent layers are not strong
enough, the attractions are strong for making complete exfoliation
into individual layers challenging. One of the most important
methods for reducing the strength of the van der Waals attractions
is liquid plunging, where the potential energies among adjacent
layers are contributed by dispersion London interactions, which in
the media of a solvent are extremely reduced with respect to
vacuum. It has been found that interfacial tension plays a key role
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when the solid surfaces such as MoS, is plunged in a liquid
medium or surfactants [37]. If the interfacial tensions among
solids are high, there is a poor dispersion in the liquids [37].In the
case of graphitic flakes, if the interfacial tension is high, the flake
tends to cohere to each other and the cohesion between them is
high. Solvents including surfaces tensions are the best solvents for
the dispersion of MoS, and also graphitic flakes since they
minimize the interfacial tension between solvent and layers.

In this work, several solvents including N-methyl-2-
pyrrolidone (NMP), dichlorobenzene (DCB) and per fluorinated
aromatic have been used as an index and some other solvents have
been compared to these indexes Figs.(2-4).

2.3. Thermal inkjet (T1J) & Piezo technology. Actually the T1J,
also famous as a bubble jet which can be illustrated as a current
for using a heating element inside the printing which is an attaché
to the ink. As results, a temperature between 300 - 350 <C is
suitable for the simulation. A medium bubble of vapor might be
formed due to the higher vapor’s occupation compare to the liquid
consequently the pressure inside the ink chamber is increased and
the ink is ejected from the nozzle. The retracting meniscus breaks
the ligament, and a drop is separated. Basically, the heating
element starts to cool down, and the bubble will collapse. The
whole processing of a bubble construction and also collapsing take
from 2.5 to 10.5 ps and the ink should have a volatile component,
which is one disadvantage of these kind technologies [34, 35]. In
piezo method, the ink ejects through the deformation of the piezo
material during the electrical field appearing. Which cause
suddenly, changing into the inks of the chamber to generate a
waves propagate. Via the ink, these pressures have to overcome a
few forces for enabling dropping formation and ejection.

2.4. Theoretical background. TEM, AFM, and SEM are the
normal methods for studying the LPE and determining the electron
densities profile across the adsorption onto those sheets. The
derivation of these kind electron densities profiles requires
knowledge of both the X-ray reflections and their corresponding
phase angles. Although the amplitudes can be quickly determined
from a diffraction patterns, the phases of that reflection cannot be
directly observed.

Moreover, due to the difficulties in estimating absolute
intensities, the profiles are seldom calculated on the relative
electrons densities scales. The lack of absolute scales has been
often greatly hindered the interpretation of the layers, particularly
with regards to the distribution of the protein molecules.

In this work, a new method of step-function models of the
electron densities in the composition of the layers has been
introduced which mainly focused on the electron densities of the
systems when the layers of Graphene or MoS; have been created
one by one via LPE. The electron densities have been defined as:

o =nlo@ 2 =S [ T 12 @
Where m; occupation number of orbitals, C is s
coefficients matrixes in which the element of the iy, row and jy,
column corresponds to the expansion coefficient of orbital j with
respect to basis function i. Bader [38] has exhibited that the

regions with larger ELF must have a large number of Fermi-hole
integration.

Becke and coworkers have been mentioned that spherically
averaged spins probability have a direct correlation with the Fermi
hole and then shown the electron localization function (ELF) [39]

as follows:
1

1+[D(r)/Do(r))?

ELF(r) = (2) where

1 1| Va2, | Wogl?
D) =5 Zime Wi 2 =5[22 + 2] (3) and

3 2 S 5
Doy = == (672)3[pq ()3 + pg (3] (4)
In a close-shell system, since p, (r) = pg (r) = %p , D and DO

2
terms can be simplified as D() =:Xin; Vo 2—%[%]

and Doy = = (3n2)5p(r)5

Savin et al. have reinterpreted ELF based on Kinetic energies, [40]
which would make ELF corresponds to the Kohn-Sham DFT
wave-function. They exhibit that D(r) reveals the excess kinetic
energies density caused by Pauli repulsion, while Dy(r) can be
considered as Thomas-Fermi kinetic energy densities. Obviously,
the ELF is within the range of [0, 1] and so a large ELF value
means that electrons are greatly localized, indicating that covalent
bonds, i.e. a lone pair or inner shells of the atoms are involved.
ELF has been widely used for a wide variety of systems, such as
exfoliation methods.

It might be noted that there is a deficiency of ELF,
sometimes with r going beyond from the molecular boundary
where the D(r) decreases quicker than Dg(r). For removing this
problem, Multi-wfn [41] automatically adds a minimal value of
10-5 to D(r). This treatment does not really affect the ELF value
in interesting regions, in which case, the real kinetic energies
terms in D(r) are replaced by Kirzhnits type second-order gradient
expansion that is:

2

%Zini Ve 2 ~ Do(r) +%$ (®)
Therefore the ELFs are totally independent of the wave-functions
and might be used for analyzing electron densities from X-rays
diffractions data. Another function similar to ELFs is called the
localized orbital locator (LOL) which is used for locating high
localization regions. This function is defined by Schmider and
Becke

™) Do(1)
LOL(r) = ——=-, ——— (6
) 1+z(r) 32imi Vo 2 ©)

D,y (r), For spin-polarized systems are defined in the same root
compared to that in ELF. Actually, the chemically significant
regions that highlighted by LOL and ELF are generally
qualitatively comparable, while Jacobsen pointed out that LOL
conveys a clearer and more decisive picture compared to ELF,
[41]. However, LOL can also be interpreted in terms of the
localized orbital. Smaller or larger values of LOLs are commonly
appeared in the boundary region of localized orbitals due to the
small gradient of orbital wave-function in this area respectively.
This simulation have been done based on our previous works [42-
59].

where(r) =
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3. RESULTS SECTION

It has been exhibited the exfoliation of MoS, (Figs 5, 6) as
the same graphite can be achieved by surfactants, polar and non-
covalent functionalization using several solvents such as
carboxylic acid (ACA) which possess remarkable electronic
properties. This work has been focused on the surfactant-MoS2
layers and this strategy can be used in other media of surfactants
including cation, anion, non-ionic and zwitterion. As it has been
exhibited in the tables 3-6; the electrical characters in the electron
density distributions indicate the situation of exfoliation for each
layer. The energy densities and Potential energies densities for
several solvents were calculated and fitted from the solvent-MoS,
for all simulations. Based on equalsl-5 the larger of electron
localizations are in the surfactants with higher polar sides
including nonpolar chains. In the tables (3-6) several different
ionic surfactants such as anions, cations, non-ions and zwitterions
are listed and as it can be seen, water is not recommended as an
suitable media for exfoliation of Graphene but it is suitable for
MoS, (Fig.6) because the presence of H,O molecules at the
interface with a dielectric around 78.8 can enhance charges
trapping mechanism for Graphene (not for MoS,) layers.
Therefore, application of an organic solvent (tables 4-6) for
exfoliating has been recommended.

Two molecules of DCB
inside MoS2

Solvent exfoliation via

Graphene Layers Graphene/MoS2 composite

Graphene/MoS2 1-aminmethylopyrene

composite MosS2 layer

Fig. 6: Solvent exfoliation via Graphene/MoS2 Composite

Table 1: G (r), K(r), V(r),H(r), ELF, LOL, LIE and Total ESP for
MoS,.

Sulfur
number

G(r) K(r) Average

LIE

Total E
kcal/m

Table 2: G (r), K(r),V(r),H(r), ELF, LOL, LIE and Total ESP for

6,8-Dihydroxyle-1,3,6-pyrenedisulfonic acid tri-sodium salt

G(r) K(r) V(r) H(r) ELF LOL Average
(LIE)
0.7293

Total ESP
kcal/mol
0.6188

Sulfur
number

Mo (1) | 0.2201

-0.2323

-0.1849 0.2323 0.3027 0.1605

S (1) 0.2283

-0.2323

-0.1967 0.2323 0.2452 0.1474 0.8265 0.6166

0.2174

-0.2023

-0.1963 0.2023 0.3055 0.1742 0.8456 0.6144

36)

Table 3: Low and Medium dispersions Zwitterion surfactants

Surfactant lonic Chemical Molar (g/mol) Dispersi
formula mass Predication
Graphene/MoS,
Cocamidopropyl Zwitter C1gH3sN,03
betaine (CAPB)
CHAPS detergent Zwitter CsHssN,0,S 614.88 L
Sodium Zwitter CigH33N,NaOs 349.47 L
lauroamphoacetate
Lauramidopropylb Zwitter CioH3sN,04 342.52 L
etaine

Table 4: Medium, high and Low dispersions anion surfactant

Surfactant Molar (g/mel)

mass

Docusate CxHi-NaOS | Melting 11 Lin 70 14436 H
53 parts mgfml in
ta15 warer
Ammonium dodecyl CulsNO5 | 418°C I0; 854 i
sulfate
Perfluorobutanesulfoni C4HF30:58 211 °C 30010 6 to 84 °C Low
¢ acid (PFBS)
Sodinm 14-bis(2- CyoHy-Na0S 1 W 700) | #4436 T
sthylhexoxy)-Ld-di
oxobutane Zsulfonate
Perfluorobutanesulfoni C.HF;0,8 1°c 3001 §C H
c acid
Heptadecafluorononano C3HF1-0: polar organic | 464.08 C "
ic acid salvents
L2233 44556677 CiHF-0:8 JEERS 001 "
5.88Hepta
decafluorol oetane
sulfonic acid
aflu + C:HF 1502 189°C 18 95 gl 31407 WwrC H
1 NaCi2Ha:504 101 2883 206 °C H
)
Pota dodecyl C;H:KOS 30449 H
sulfate
Sodinm uryl sulfate NaCIZH2350 To1 28837 067C "
4
Sodinm dodecy] 20%in water | 34848 "
benzenesulfonate
Sodium dodecanoate CiHu0Na T102 3 e N
Perfluorcoctanesulfonic CsHF-058 133°C 500.13 M
acid

Table 5:

Medium and high dispersions cation surfactant

Cetrim um + [(C1sH33)N(CH1):]Br Micelle 64 4. maol 23710 H
bromide CTAB point= 243°C
| 30°C
Benzethonium CxHa:CINO: 098 40g dmin 44809 244°C H
5-Bromo-S-nitre-1.3- + C4HsBINO, Insoluble in 2120 60°C M
dioxane water
Hexadecytrimethy la + CisHuBrN 364.45 237.0°C H
mmonumbromide
NN-Dimethyl-N- | CosHeOIN 38652 25°C M
octadecylactadecan-
= CaiHyCIN 9.0 gmol C I

CyHuFN0s 49877 H
Benzalkonium + 098 wvery soluble M
chloride |
Tetramethylazaninm C4HuNO 1015 decomposes 9115 67°C H
hydroxide

The MoS, inks were printed within the gaps of the

Graphene electrodes a few (50-70 um) overlapping are needed for
ensuring a complete filling of the gaps and contacts with the
Graphene. These electrode setups were wused to the
photoconductive properties of exfoliated MoS2. In this work, we
exhibited building van der Waals hetero-structures based on
Graphene/MoS,, 2D blocks with structures of layer-by-layer
stacking is suitable hetero-structures construction for Inkjet
deposition. However, interfacial contamination would be a major
tor to be considered. By this method, it has been illustrated the

advantages of reduce adsorbents on individual layer. This

Mo 0.8218 0.6152
S(1) 0.2273 -0.2024 -0.1764 0.2024 0.2152 0.1542 0.8309 0.6143
S(2) 0.2792 -0.2104 -0.2655 0.2104 0.1521 0.1438 0.8312 0.6174

simulation exhibits that Graphene is a suitable substrate for MoS,
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growth towards generating the Graphene/MoS, hetero-structures
with non-bonded or van der Waals interactions.

Table 6: Low and medium dispersions non-ionic surfactants

3 Chemical Boiling Density Solubility ] ol) Melting Dis
formula point glem® point

Triton X-100 Non

CiHpO(C:HO | 270°C 1.07 | 647 6°C L
Je(=9-10)

Polysorbate 50 Non CaHiOn T00°C 106 1310 ™

tolusne

Stearyl alcohol Non CysHO I°C | 0512 LI 107 mgl | 270.49 59.40C L
in water

Sorbilan tristearate | Non [ 96354 T

Decyl glucoside Non CyeHp0g 1 320.43 L

Laurylghicoside Non CHly0y T M

Oleylalconol Non Cit0 330.0°C | 0.545 Tnsoluble in 268.47 13.0%C M

water

n-Ociyl j-D- Non CLHA05 308.43 T
it

CaHeOy 616.53

Cetyl alcohol Non Cebz0 33a0°C 06N

MoS, nano-flake on the Graphene sheet is hexagonal, with
crystal size ranging from 100-1000 nm. Although there is existed a
lattice mismatch between Graphene and MoS,, the gap could be
well accommodated within these hetero-structures. The well
conductivities of Graphene in combination with the electronic
properties of MaoS, show a way for developing of Graphene-based
nanostructure for inkjet deposition of liquid.

If electrons are completely localized in the Graphene/MoS,
hetero-structures, then they can be distinguished from the ones
outside. As shown in tables 1-2 the sulfur atoms precede the large
ELF which is near to the polar side. As the regions which have
large electron localization must have large magnitudes of Fermi-
hole integration, so these phenomena leads the surfactants towards
the polar side with exceeding electrons and nonpolar side with
exceeding holes. Based on equations 2- 4, Becke and Edgecombe
noted that spherically averaged spin conditional pair probabilities
have a direct correlation with the Fermi hole which it is suitable to
correspond to our data in table 1-2. ELF reveals is actually a
relative localization within the ranges between 0- 1.

A large ELF magnitude indicates the electrons are greatly
localized, which means there is a covalent bond, a lone pair or
inner shells of the atoms between Graphene/MoS2 systems.

Based on eq.6, LOL can be interpreted in kinetic energy
way as for ELF; however, LOL can also be interpreted in view of
the localized orbital. Small LOL value generally appears in the
boundary region of localized orbital due to the gradient of orbital
wave-function. Although LOL has similar expression compared to
ELF, the LOL conveys clearer pictures than ELF. In tables, 1-2
and Figure 7, 8 the ELF, electron density profiles, densities of
states, TDOS and PDOS are listed and displayed. Here we have
considered the interlayer attraction of the graphite/MoS, using
OM/MM with ONIOM methods including OPLS and CHARMM
force fields to describe the interlayer interactions and the classical
mono-polar electrostatic terms. In this study, via the number of
layers and volume of graphite/MoS2, the estimation of area for the
upper and downer (Graphene and MoS, respectively) lateral
sheets, have been calculated. The layers of surfactants chains give
positive amplitudes, which increase quickly so the terminal methyl
groups give a narrow region of lower electron density. It is
discussable that for graphite/MoS, containing a few layers, the
different voltages between two layers would relate to several
conditions such as non-equilibrium states and dynamic situations

of the coupling among the surfactants and adjacent layers, etc. For
Graphite/MoS, composition and in the presence of polar solvents
or ions surfactants, charges exert forces that can influence the
states of the Graphite/MoS,; thereby influencing the variable
fields causes a variable LPE process.

; “—1+150.83
13165
e [/ 0\ | - 108.99
- 85.77
\ L 61.43
| / \;\_/\\/f\\\ I 39:55
b\ [ e N[ 1642
-0.8 -0.7 -0.6 -0.5 -04 -0.3 -0.2 -0.1 0.00
Fig. 7: TDOS, PDOS, OPDOS versus energy for Graphene/MoS,
Composite

14.55 Dispersions Graphene/MoS2

Fig. 8: ELF of Graphene/MOS, dispersion

In this study, we have shown the sulfonic groups in the
cation surfactants are most effective for any dispersion in the LPE
process of Graphite/MoS,. Moreover, the IONIC surfactants have
excellent efficiencies compare to those non-ionic or zwitterion
structures. Usually, these sequences might be suggested for any
dispersion in the LPE processing as cation > anion > zwitterion >
nonionic.

Obviously, the choice of the surfactant might be achieved
only through analyzing of exfoliated bio-materials. Especially,
using of sodium dodecyl benzene sulfate (SDBS) can be wildly
successful. The organic stabilities of exfoliated Graphite/MoS,
material provided Langmuir-Blodgett (LB) films to be made on
various clear substrates, such as glass and quartz, for producing
films as both transparent and conducting. By this work, it has been
illustrated that porphyrins which are used in our simulations,
interact with several carbon materials, such as, graphite and
carbon nanotubes, via p-stacking which takes place between their
electron-abundant aromatic cores and conjugated surfaces of the
carbon materials. Therefore, similar interactions are expected for
occurring between Graphene/MoS2 and Porphyrins biomaterials.
Therefore, the electronic properties of MoS2 show a way for
developing of Graphene based nanostructure for inkjet deposition
of liquid.
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4, CONCLUSIONS

Theoretically, it has been exhibited the exfoliation of
graphite/MoS2 can be achieved by surfactants, polar and non-
covalent functionalization using bio-solvent materials. The well
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