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Abstract- Last years, the direction actively associated 

with the structures on the basis of graphene oxide. We 

have synthesized large scale, thin, transparent graphene 

oxide flakes by Hummer’s method and investigated their 

suitability for making of transparent nanocomposites. The 

results of modeling of experimental points as separate 

sections, as well as all volt-ampere characteristics for two 

samples of the structure based on the combination of 

graphene oxide/sulfur. Particular attention is paid to the 

modeling of sites with negative differential conduction. It 

is shown that areas with negative differential conductivity 

for the first type of samples are well approximated by 

polynomials of the 3rd and 4th orders, and for the second 

type of samples - by a polynomial of the 5th order. 

Modeling is performed using Matlab R2021a software. 

The resulting models have high reliability.  
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1. INTRODUCTION 

The rapid development of science and technology in 

recent years necessitates the application of 

nanoelectronics. Last years, the direction actively 

associated with the structures on the basis of graphene 

oxide [1-4]. We have synthesized large scale, thin, 

transparent graphene oxide (GO) flakes by Hummer’s 

method and investigated their suitability for making of 

transparent nanocomposites. The GO flakes were 

comprehensively investigated by    X-ray diffraction, 

Scanning Electron Microscopy (SEM), Energy 

Dispersive X-ray analysis (EDX), Raman spectroscopy 

and Differential Scanning Calorimeter (DSC).  

X-ray diffraction displayed the peak of graphene 

degree, which is characteristic peak of GO in respectively 

with the literature results. Scanning Electron oxide at 9 

Microscopy images revealed that thin, transparent, flake 

form GO with 14.8 µm lateral size and 0.31 µm thickness 

were synthesized. In literature have shown that, the 

average lateral sizes of GO flake change between  0.4-

12.4 µm. The comparison with literature results shows 

that for the first time, our group could synthesize large 

scale, thin and more transparent GO flakes by simple 

Hummer’s method using simple dispersed graphite.  

EDX measurements indicate the formation of layered 

structure with oxygen containing functional groups. The 

intensity ratio between D and G peaks in the Raman 

spectra proves that less defective GO flakes have been 

synthesized. The solution ability of the synthesized 

material indicate that high quality GO flakes were 

synthesized, which make them effective soluble material 

due to oxygen containing groups formed on the graphene 

plane during synthesis process. DSC results shows that 

these flakes are thermally stable till 200 C. Due to high 

solubility properties, large scale and transparency they 

can be very useful in fabrication of high optical 

transparent nanocomposites for replacement indium tin 

oxide transparent conductors in solar panels, biomedical 

applications and microwave absorbers for 

electromagnetic interference (EMI) environmental 

protection [5].  

In the work [6] for the combination of graphene 

oxide/sulfur (GO/sulfur) on the volt-ampere characteristic 

(VAC) are found sections with negative differential 

conductivity (NDC). This has led to even greater interest 

in such structures, as from the point of view of the study 

of mechanisms of similar effects, as well as from the 

position of the implementation of new functional 

possibilities of these structures in electronics. For the 

identification of physical mechanisms and purposeful 

implementation of the properties of the structure on the 

basis of the GO/sulfur combination is the sufficiently 

effective approach to the modeling of sites VAC, as well 

as all the characteristics in general. The particular interest 

is the plot with NDC. 
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Various physical properties of graphene-based 

samples were analyzed. The study of the graphene-based 

samples was performed using scanned electron 

microscopy (SEM), energy dispersion analysis (EDA), X-

ray diffraction analysis, Raman scattering and IR 

luminescence, and noted the strong effect of the additive 

on the physical properties [7]. The results of an analysis 

of some properties of carbon nanotubes using X-ray 

diffraction analysis, Raman scattering, and IR 

luminescence are given. After doping with gadolinium 

the peak intensities in X-ray and Raman spectra 

drastically increase.  

It was found that 15% doping with gadolinium 

strongly affects the physical properties of carbon 

nanotubes functionalized by a carboxyl group [8]. The 

effect of phonon scattering on electrical conductivity 

(EC) of 2D electron gas in quantum well (QW) systems 

with a complicated potential profile is described. 

Dependence of QW electrical conductivity on QW 

parameters (such as QW width, Fermi level positions 

etc.) when phonon scattering is employed has been 

calculated. NDC in EC when it varies with width of the 

QW has been found [9]. 

The aim of this paper is the comparison of  

structural, morphological and electrical properties of 

thermally extended graphite synthesized by chemical 

oxidation of graphite with sulfur of nitric acids at all 

other same conditions. Thermal treatments of graphite 

intercalation compounds were performed at a temperature 

of 600 C on the air for 10 min but additional annealing 

in temperature range of 100-600 C for 1 hour was done.  

The obtained materials were studied by XRD, Raman 

spectroscopy and impedance spectroscopy. The evolution 

of structural ordering of thermally extended graphite 

samples at increasing of annealing temperature was 

traced. It was determined that the additional annealing 

allows to control the electrical conductivity and structural 

disordering degree of extended graphite samples that is 

useful for preparation of efficient current collectors for 

electrochemical capacitors [10]. 

 

2. EXPERIMENT AND DISCUSSION 

At present, there are practically no scientific 

publications devoted to modeling questions of volt-

ampere characteristics (VAC) of structure on the basis of 

graphene oxide/sulfur compounds. The purpose of this 

work is the implementation of simulation of individual 

sites, and in particular, the site with negative differential 

conductivity (NDC), as well as of the volt-ampere 

characteristics (VAC) of all structures based on the 

combination of graphene oxide/sulfur. 

Volt-ampere characteristics are modeled on the basis 

of graphene oxide/sulfur matter measurements at room 

temperature. The samples were cut out in the form of 

rectangles and placed on a substrate of Teflon. The 

contacts of the silver paste were applied to the substrate 

for attaching the wires so that it was possible to measure 

the resistance with the help of the usual two-prong 

method.  

On the curve volt-ampere characteristics with the ratio 

of oxygen to carbon 3.54 and the ratio to gray 42.54 

observed a negative differential resistance. Samples had 

content and 76.59, 21.61 and 1.8 mass. %, respectively 

(Table 1). 

 
Table 1. Elemental composition, mass. %, and the ratio of synthesized 

GO/sulfur [6] 
 

C O S O/C O/S 

76.569 21.62 1.8 3.54 42.54 

 

On the curve of volt-ampere characteristics (VAC) of 

graphene oxide/sulfur on Figure 1 shows two sharp peaks 

(about 0.24 V - section 1 and 0.495 V - section 2), which 

indicates local minimums in the resistance, characterized 

by a change in the ratio of current-voltage) - the 

appearance of negative differential resistance. 

Figure 2 presents experimental points and the 

polynomial interpolation curve, describing section                 

1 volt-ampere characteristics with negative differential 

conduction correlation 
3 20.56 0.418 0.104 0.861I V V V= − + −  (1) 

 

 
 

Figure 1. Experimental points of voltage characteristics of structures 

based on graphene oxide/sulfur compounds [6]. 

 

 
 

Figure 2. Experimental points and polynomial interpolation curve, 

describing the section 1 of volt-ampere characteristics with negative 

differential conduction 

 

Figure 3 shows experimental points and the 

polynomial approximation curve, with high reliability  

(R2 = 0.999) describing section 2 VAC with negative 

differential conductivity in relation to 
20.5867 43.95 566.4I V V= − + −  (2) 
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Figure 3. Experimental points and the polynomial approximation curve, 

describing section 2 volt-ampere characteristics with negative 

differential conductivity 

 
Table 2. Presents the parameters of sections 1 and 2 VАC with negative 

differential conductivity 
 

Parameter name Plot 1 Plot 2 

The minimum value of the current of the site VAC 

with negative differential conductivity, µA 
5.44 11.2 

The maximum value of the current of the site VAC 

with negative differential conductivity, µA 
5.54 11.28 

Range of current changes in the VAC section with 

negative differential conductivity, µA 
0.1 0.08 

The initial value of the voltage of the site VAC with 

negative differential conductivity, V 
0.245 0.49 

The final value of the voltage of the site VAC with 

negative differential conductivity, V 
0.252 0.5 

Range of voltage changes in the VAC section with 

negative differential conductivity, V 
0.007 0.01 

Significance of differential resistance of the site 

VAC with negative differential conductivity, mOhm 
0.05 0.125 

 

Figures 4-7 presents the different types of structures 

of volt-ampere characteristics (VAC) on the basis of 

graphene oxide/sulfur compounds, in which metallic 

electrodes are located on opposite surfaces graphene 

oxide/sulfur. At the same time, the similar structure of 

VAC has essential differences from the previously 

represented, and also has the effect of negative 

differential conduction. 

Figure 4 presents a polynomial model  (R2=0.9961) of 

the VAC section with negative differential conductivity, 

structures graphene oxide/sulfur: 
5 4 3 2

6 7

8.581 750.53 26235 4581724

4 10 10

I V V V V

V

= − + − + −

−  +
 (3) 

The volt-ampere characteristics (VAC) site in the 

range 6-17 V, as can be seen from Figure 5, with high 

reliability (R2=0.9856) is described by the linear model of 

the species 

7.874 46.39I V= −  (4) 

Volt-ampere characteristics for the same structure on 

the plot in the range 21-32 V, as can be seen from Figure 

6, is sufficiently accurate (R2=0.9895) is described by the 

parabolic dependence of the species 
20.5867 43.95 566.4I V V= − + −  (5) 

At this maximum failure of the approximation curve 

is reached at (U=26 V). 

 

 
 

Figure 4. Polynomial model  section volt-ampere (R2=0.9961) 

characteristics with negative differential conductivity structures 

graphene oxide/sulfur 

 

 
 

Figure 5. Line model of the site volt-ampere characteristics (VAC) of 

structure graphene oxide/sulfur in the range 6-17 V 

 

 
 

Figure 6. Parabolic model of the site volt-ampere characteristics of 

structures graphene oxide/sulfur in the range 21-32 V 

 

Ignoring the fact that volt-ampere characteristics -like 

structure has a section with negative differential 

resistance, it makes sense to carry out an approximation 

for the entire range of voltage changes. The results of 

such an approximation are presented in Figures 7-8. 

Apparently, the approximation by a power function of the 

species 
1.8130.4659I V=  

and second order polynomial 
20.2023 1.49 4.495I V V= + −  

gives a single good result and therefore can be used 

effectively. Naturally, when the greatest failure of 

approximation occurs at the site of volt-ampere 

characteristics (VAC), corresponding to the site with 

negative differential conductivity. 
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Figure 7. Approximation of experimental points of volt-ampere 

characteristics (VAC) of structures on the basis of graphene oxide/sulfur 

by a power function 

 

 
 

Figure 8. Approximation of experimental points of volt-ampere 

characteristics (VAC) of structures on the basis of graphene oxide/sulfur 

polynomial function 

 

3. CONCLUSION 

On the curve volt-ampere characteristics with the ratio 

of oxygen to carbon 3.54 and the ratio to gray 42.54 

observed a negative differential resistance. Modeling of 

sections of current-voltage characteristics, including 

sections with negative differential conductivity, as well as 

the entire volt-ampere characteristics curve for two 

samples of structures based on the graphene oxide/sulfur 

compound, was carried out. It is shown that areas with 

negative differential conductivity for the first type of 

samples are well approximated by polynomials of the 3rd 

and 4th orders, and for the second type of samples - by a 

polynomial of the 5th order. For the second type of 

samples, it was found that the volt-ampere characteristics 

section in the range of 6-17 V is described by a linear 

model; and the volt-ampere characteristics section in the 

range of 21-32 V is described by a 2nd order polynomial 

model. At this maximum failure of the approximation 

curve is reached at U=26 V. It is found that the volt-

ampere characteristics of such structures in the entire 

voltage range are equally well described by a power 

function and a 2nd order polynomial. Modeling is 

performed using Matlab R2021a software. The resulting 

models have high reliability. 
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