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Abstract—Due to the sensitivity of their physical properties to 

selected gases, graphite oxide (GrO) and reduced graphene oxide (RGO) 

can be used in optical gas sensors. The sensor properties of GrO and 

RGO depend significantly on the technology used for their production. 

In this paper the effects of oxidation and reduction processes on 

graphite physicochemical properties were presented. 

 

 

In many production processes, but also in environmental 

monitoring, an important problem is the detection of 

selected gases with adequate selectivity and sensitivity. 

Recently, much attention has been paid to the 

development of optical gas sensors, acting both on the 

basis of optical absorption and the phenomenon of 

propagation of modes in optical planar structures. It is 

important that the detection of selected gases should be 

unambiguous and at a low level of their concentration. 

Attention should also be paid to the response time of 

sensors (time of gas detection), which must be as short as 

possible. The metrological properties of optical gas sensor 

structures depend mainly on gas sensing layers. In the 

literature concerning gaseous sensors much attention is 

devoted to sensors based on graphene, graphite oxide 

(GrO) and reduced graphene oxide (RGO) [1-3]. There 

are many different methods of production [4-8] graphene 

based materials, which undoubtedly affects their structural 

properties. Our earlier studies [9-10] have shown that the 

sensor properties of graphene based materials 

significantly depend on the technology used for their 

production. In the present paper, the effects were 

investigated of oxidation and reduction processes on 

graphite physicochemical properties. 

 

The research work presented in this paper was designed 

to describe changes which take place in graphite after its 

oxidation and reduction. In order to clarify the 

description, the product obtained in an oxidation process 

will be referred as graphite oxide and denoted as GrO 

while the product obtained in a reduction process will be 

referred as graphite oxide and denoted as RGO. The 
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oxidation process is intended to incorporate the functional 

groups containing oxygen, e.g. carbonyl, carboxyl, 

hydroxyl and epoxy between the planes of graphene. The 

oxidation process was realized using Hummer’s method, 

the reduction process was realized using a temperature of 

approximately 900
o
C and inert conditions [11]. During the 

reduction process, the number of additional oxygen and 

hydrogen groups in GrO decreases, giving the RGO 

structure. 

The research presented in this paper was conducted using 

a sample of graphene flakes. Graphite is characterized as 

an ordered crystallographic structure and has a high 

content of mineral substance (at 9.7%).  
 

Preparation of graphite oxide: Commercial flake graphite 

powder (90µm), supplied by Signograf was oxidized by a 

modified Hummer method [12]. Concentrated H2SO4 (95-

97%) was used as an acid and KMnO4 and NaNO3. A 

graphite sample (1g) with a particle size <20μm was 

mixed with the acid and placed in a bath of water and ice. 

When a homogeneous paste was obtained, the oxidizing 

agent was partially added, while continuously mixing and 

maintaining the reaction temperature in the range 

10÷35
o
C. In certain methods, the following amounts of 

reagents were used: 30ml of H2SO4, 3g NaNO3, with 2h 

mixing, the oxidation products were achieved. At the last 

step, for all methods, the obtained oxidized mixtures were 

diluted in 100ml of deionized water (DI), followed by 

addition of H2O2 to reduce excess KMnO4 to MnO2. The 

resulting suspension was centrifuged and the solution was 

decanted. The prepared precipitate was washed with 10% 

HCI, then centrifuged and the resulting slurry was 

repeatedly washed up with water to obtain pH 5.  

Preparation of graphene oxide: High temperature in an 

inert atmosphere- N2 (temperature 900
o
C, approx. 15min) 

was used to receive reduced graphene oxide from the 

previously obtained graphite oxide after test expansion. 
 

The resulting products were examined using: electron 

microscopy, Raman spectroscopy, elementary analyzer 

and technique using termogravimetry. Figures 1-3 show 
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images of graphite, graphite oxide and graphene oxide, 

respectively (obtained by electron microscopy). 
 

 

 

Fig. 1. SEM image of the graphite. 

 

Figure 1 confirms that the size of graphite flakes is less 

than 20nm. Figure 2 shows that after the oxidation process 

of graphite, the size in flakes has not changed 

significantly, while the image Figure 3 presents the 

structure of a completely different nature; particles of 

reduced graphene oxide are much smaller and have a 

tendency to combine to a form of agglomerates ("cloud 

structure"). 
 

 

Fig. 2. SEM image of the graphite oxide. 

 

 

Fig. 3. SEM image of the graphene oxide. 

 

In order to expand the knowledge of the studied 

structures, thermogravimetric analysis of GrO and RGO 

was performed. Analyzing the results, it can be seen that 

the loss in weight occurred in both the oxidized and 

reduced graphite, during the exposure to a high 

temperature. The loss of weight was steady in RGO in a 

wide range of temperatures; only above 900
o
C the process 

was slightly faster. For the RGO sample, the total weight 

loss is approx. 21%. Oxidized graphite performs 

differently. A sudden loss of weight takes place up to 

approx. 250
o
C (up to this temperature, the loss of weight 

is 26%). Above this temperature, the changes are slower. 

The total weight loss of GrO is 43%. 

 

Fig. 4. Thermogravimetric curves for GrO and RGO. 

Besides changes in the morphology and topography of 

graphite, graphite oxide and graphene oxide, the 

percentages quantities of carbon, hydrogen and oxygen 

were controlled. At the beginning, the graphite consisted 

of approx. C
daf

 99.1%, while the quantity of hydrogen and 

oxygen was vestigial. The quantity of hydrogen and 

oxygen in the graphite oxide equaled 2.9% and 43.5% 

respectively, which confirms the connection of many 

hydroxyl and oxygen groups to the graphite structure. The 

final percentage quantity of carbon in the reduced product 

(RGO) amounted to approx. 85% while the quantity of 

hydrogen and oxygen was significantly reduced. Table 1 

shows changes in the quantities of the above mentioned 

elements between *) the graphite and graphite oxide and 

**) graphite oxide and graphene oxide ("+" sign means an 

increase in the quantity of an elements, "-" the decrease). 
 
Table 1: 

 

*) The difference in 

the quantity of each element 

of 

Gr and GrO, % 

**) The difference in 

the quantity of each 

element of 

GrO and RGO, % 

C - 46.4 + 42.0 

H + 2.8 - 2.1 

O + 43.2 - 33.9 

 

Raman spectroscopy was the last technique used in our 

experiments. Raman spectra have been performed for 

graphite, graphite oxide and graphene oxide (Fig. 5). In 

the spectrum obtained for graphite, three characteristic 

peaks are shown (around the wave number equal to 

~1350cm
-1

, 1580cm
-1

 and 2700cm
-1

. These peaks are the 

results of disorder in the crystallographic structure of 

carbon, the vibration of carbon atoms in the plane of 

layers and number of layers of carbon [13-15]. Based on 



doi: 10.4302/plp.2014.4.06 PHOTONICS LETTERS OF POLAND, VOL. 6 (4), 130-132 (2014) 

http://www.photonics.pl/PLP © 2014 Photonics Society of Poland 

132 

the obtained spectrum, it can be concluded that the 

graphite structure is to some extent defected and consists 

of a few/several layers of carbon. Both in the case of 

graphite oxide and graphene oxide, the first two peaks 

clearly increased and partly overlapped due to the 

conducted processes. In the case of graphite oxide, 

a lower ratio of amplitude of the first peak and second one 

suggests that the number of defects in the carbon structure 

increased (attachment of additional functional groups 

damaged a part of the existing bonds) while in the 

graphene oxide layers, the same ratio is much higher, 

which suggests significant defection of the layer. This 

defection is the consequence of detachment of a large 

quantity of functional groups. 
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Fig. 5. Raman spectrum of graphite (Gr), graphite oxide (GrO) and 

reduced graphite oxide (RGO). 

 

In this paper, the changes in graphite (caused by the 

oxidation and reduction processes) are described. 

Measurements were performed, which confirm changes in 

the quantity of carbon, oxygen and hydrogen in graphite, 

GrO and RGO. With oxidation of 

graphite, crystallographic graphite lattice structures 

changed, which gave (in turn) the possibility of obtaining 

more defected structures (RGO). The resulting material 

can be used in sensors technology because many of the 

bonds (affected by bonds damage) can attach the analyzed 

molecules to the structure. The absorption of some 

molecules may cause changes in the optical properties of a 

sensing layer. A relatively simple and inexpensive RGO 

fabrication process is an unquestionable advantage of such 

sensing material, but (expected) poor repeatability of the 

optical gas sensors reduces the possibilities of its 

commercialization (however, RGO can be successfully 

used in different kinds of the sensors). 
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