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Abstract

The electronic characteristics, including the density of state and bond
length in addition to the spectroscopic properties such as IR spectrum and Raman
scattering, as a function of the frequency of Sn;;04, C,4O0g, and hybrid junction
(Sn10016/C240¢) Were studied. The methodology uses DFT for all electron levels
with hybrid function B3-LYP (Becke level, 3-parameters, Lee—Yang-Parr), with
6-311G (p,d) basis set and (Stuttgart/Dresden ) SDD basis set, using Gaussian 09
theoretical calculations. The geometrical structures were calculated by Gaussian
view 05 as a supplementary program. The band gap was calculated and compared
to the measured values. The density of state of the hybrid junction (Sn;yO16/C,4O¢)
increased because of the increased number of degeneracy states. Theoretical values
of bonds for C=C, C=0, and Sn-O are equal to 1.33, 1.20 and 2.27 A respectively,
these bonds values are in good agreement with experimental values bond length of
(1.34 for the C=C bond, 1.23 for the C=0 bond, and 2.3 for the Sn-O bond) A. The
spectroscopic properties such as IR spectra have shown a peak which is
comparable to longitudinal modes of GO and tin dioxide SnO, at
(1582 and 690) cm™, respectively.
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1. Introduction

Materials that eliminate oxygen-containing functional groups from the surface of
graphene oxide may be used to activate graphene oxide. Graphene oxide can then be
used in various applications. One of the substances that can be used in the process of
stripping graphene oxide's surface of its oxygen layer is hydrazine [1-4]. The produced
substance is then known as reduced graphene oxide (rGO), which is a p-type
semiconductor [5, 6]. RGO combines the properties of graphene and graphene oxide.
Although it is hydrophobic, it can spread in water and organic solvents. Because it
contains few oxygen groups, rGO is similarly insoluble in polar solvents. It has good
electrical conductivity [7-10].

Tin dioxide (SnO,) is an n- type semiconductor; it is one example of transparent
conductive oxides (TCO). It has high transmittance in the ultraviolet-visible region [11-
14]. Tin dioxide is a wide band energy gap (3.7 eV) semiconductor [15-20]. It is white
in color and has a tetragonal crystalline structure [21]. Tin dioxide (SnQOy) is one of the
most used materials for gas sensors; it is used to detect hydrocarbons [22-25]. SnO,
nanoparticles are anticipated to be superior in their sensitivity to gases than bulk
material because of larger surface area. SnO, pyramids are experimentally found on
SnO; surfaces as a result of surface reconstruction [26, 27]. These pyramids are found
stable and able to explain the experimental findings of Indium doped SnO, nanoclusters
[27]. The electronic characteristics of Coronen (C4) and rGO C»4,0x, where x = 1-5, as
well as their spectroscopic properties, such as infrared and Raman spectra, force
constants, and reduced masses, were examined using the Density Functional Theory
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(DFT) at hybrid function B3LYP and 6-311G** basis sets. The calculated energy gaps
and spectroscopic properties are in good agreement with the experiment results [28].
Density Functional Theory (DFT) with a B3LYP (Becke 3-parameter, Lee—Yang-Parr)
level at 6-311G** basis sets for light atoms such as N and O as well as SDD
(Stuttgart/Dresden) basis sets for heavy atoms like Sn were used in conjunction with the
Gaussian 09W software to investigate the reaction of tin dioxide nanocrystals and NO,
at temperatures ranging from 273 to 373 degrees Celsius. The analysis was carried out
at different temperatures. It is possible to calculate the Gibbs energy, as well as enthalpy
and entropy [29]. The objective of this research is to study the electronic and spectral
characteristics of reduced graphene oxide (C,406) and tin dioxide (Sn1gOs6), as well as a
comparison with the interaction properties of (C»406/Sn10016) hybrid junction using the
DFT approach. The theoretical results were compared with the experimental results for
the compounds used in this paper.

2. Theory

In this study, the structural and vibrational properties were determined using the
engineering optimization method. Using the computer program Gaussian 09 and
theoretical estimates, the properties and nanostructure of graphene oxide and tin dioxide
were predicted. DFT and GGA (Generalized Gradient Approximation) were included as
a term in the equation for the hybrid function (B3LYP), which were applied with 6-
311G (p,d) for light atoms (C2406) and SDD for heavy atoms (SnioOss), Where the
scaling factor was 0.967 and 0.960 to correct for vibration frequencies [30-34]. The
geometrical structures were calculated by Gaussian 05 view as a complementary
program [35, 36]. Fig. 1 shows the geometries of (a) SnigO1s, (b) C240 and (c)
Sn10016/C240s. It is impossible to simulate a very large number of atoms using more
than 100 atoms in the Gaussian 09 program because of the long-needed computer time.
As a result, a common practice and many successful simulations of rGO are performed
using small rGO clusters as was done by Pal et al. [37]; the experimental work showed
that rGO is similar to the structure (a) in Fig. 1 [38]. The SnO, cluster is repelled as a
result of performing self-consistent field calculations of the present density functional
theory. As a result, the attachment is made between one of the carbon atoms at the edge
of rGO and one Sn atom at the edge of SnO, as seen in Fig. 1 (c).

Figure 1: Shows geometric for (a) SnypOys, (b) Co4Osand (¢) SNy pOis/CoyOs .

3. Results and Discussion
3.1. Electronic Properties
The density of states (DOS) is a measure of the number of energy states per unit
volume per unit energy range. It provides information about the distribution of available
energy states within a material. When determining the electronic characteristics of
solids, one of the most important factors is the distribution of energy between the
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electrons in the valence band (V.B.) and the conduction band (C.B.). The energy gap
(Eg) calculation is found by the following equation [39]:

Ey, = | Firstqumo) —Lastwomo) | (1)

The change in the HOMO (V.B.) and LUMO (C.B.) states can be represented by the
density of the state. Fig. 2 shows the density of states for SnigOis, C240s, and
Sn10016/C240g according to the energy levels. It can see that the energy gap for SnipO16
is (3.8 eV) compared to the experimental value of (3.7 eV) for SnO, [15-20], while the
energy gap of C4Og is equal to (1.33) eV compared to the experimental value of
reduced graphene oxide is (1-2.2 eV) [40-42].
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Figure 2: Density of states for (a) SnyoOse, (b) C240¢and (c) Snyo016/C,40¢ based on energy
levels.
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While the energy gap of the whole structure Sn;p016/C240¢ IS equal to (1.53) eV,
this decrease is because of the ease of movement of the electrons due to the decrease in
the resistance and increase in the conductivity, as shown in Fig. 2.

Fig. 3 shows the bond densities of SnygO16, C2406, and Snyp016/C2406 hybrid
junction. The bonding between Sni016 and Cy4Og is formed since the two molecules
are brought together as shown in Fig 3. The contact region between p-n junction is
called the space charge region, which is of vital importance in p-n junctions. There are
three kinds of bonds C=C, C=0, and Sn-O. Sn-O bonds are the strongest, followed by
C=C and C=0 bonds in terms of bond length. The bond lengths are (1.33, 1.20, and
2.27) A, respectively. These length bond values are in good agreement with
experimental values bond length of 1.34 A for the C=C bond, 1.23 A for the C=0 bond
and 2.3A for the Sn-O bond [43-46]. The theoretical results also showed their
agreement with the experimental.
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Figure 3: Bonds Density for (a) SnigOqs, (b) C2406 and (c) Sn1g016/C.40s based on bond
length.
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3.2. Spectroscopy Characteristic
3.2.1. IR and Raman spectrum

Fig. 4 and Fig.5 display IR spectra and Raman spectra for (a) Sn19O1s, (b) C240s,
and (c) Snyp016/C2406 hybrid junction as a function of frequency. There are three
different vibrational frequency bands for IR spectra of SnjpOz6, C240s and
Sn10016/C240¢ hybrid junction at (755.2, 1688 and 2238) cm™, respectively. The shift of
the highest peak towards the high-frequency region in the IR spectrum during the
interaction between (Sn;0016/C240g) junction indicates a change in the molecular
vibrations and bonding environment of the material. When these materials interact or
form a junction, their molecular structures and bonding arrangements are affected,
leading to changes in their vibrational modes. Similar bands were shown in Raman
spectra but with lower intensity. These theoretical frequencies are comparable with the
experimental values of longitudinal modes of (SnO, and GO, which were (690 and

1582) cm™, respectively [47-50].
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Figure 4: The infrared spectra of (a) SnyOge, (b) C2406 and (c) Sny016/C2406 as a function
of frequency.
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Theoretical Raman Spectra (a)
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Figure 5: The Raman spectra for (a) Sn;oOy (b) C,406 and (c) Sny016/ C406 as a function

of frequency.

4. Conclusions

As a result of research on the electronic and spectral properties of hybrid junction
(Sn1p016/C2406), the energy band gap decreased compared with the experimental value
indicating a decrease in the resistance and an increase in the conductivity. The final

calculated gap

of the rGO/SnO; hybrid was (1.53) eV, with the HOMO and LUMO

energy levels moved to be higher than that of rGO. There is a distribution of bond
lengths, with the highest peaks corresponding to bulk values. There are three types of
bonds: C=C, C=0, and Sn-O. It was found that the bond length values are in good
agreement with the experimental values. The theoretical value agrees with the
experimental value of longitudinal modes of graphene oxide (GO) and tin dioxide
(SnO,) at (1582 and 690) cm™, respectively.
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