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A special group of compounds known as graphite intercalation compounds (GICs) is formed when different atomic, 

molecular, or ionic species interpose between the layers in a graphite material. Of the various intercalation compounds, 

GICs have gained particular interest due to their comparatively high degree of structural order [1]. This structural order 

in GICs leads to a staging phenomenon that is described by intercalate layers that are periodically arranged in a graphite 

structure. Depending on the number of graphite layers between the intercalate layers, GICs are thus classified by a stage 

index. Hence, stage 1 GIC has one graphene layer in the midst of two layers of intercalant, stage 2 GIC has two graphene 

layers between the two layers of intercalant and so on [2]. 

Because of their unique properties, GICs have a wide range of applications. These compounds can be used as 

superconducting and anode materials, heterogeneous catalysts, in pyrophoric stabilization of reactants and in production 

of graphite-based dual-ion batteries – an environmentally friendly alternative for energy storage [1, 3]. Another relevant 

area, where GICs play a key role, is the production of graphene and graphene oxide. GIC known as graphite bisulfate 

(GBS), forms as an intermediate in the process of the preparation of graphene oxide, which is widely used for the further 

production of graphene [4]. However, chemical synthesis of graphene, starting with the intercalation of graphite, usually 

leads to a ruptured carbon lattice and defective final product. In order to improve the quality of the synthesized graphene, 

a more detailed understanding of the synthesis mechanism is needed. Thereby, one of the key factors for obtaining high 

quality graphene is the proper formation of GBS intermediate product [5]. The GBS stage number and kinetics of its 

formation strongly depends on graphite precursor, experimental conditions and especially the type of oxidizing agent used 

in the reaction mixture, therefore it is important to investigate as many different synthesis variations as possible [6]. 

The purpose of this work was to characterize and compare GBS compounds obtained using three different oxidizers. 

In particular, ammonium persulfate, potassium persulfate and chromium trioxide were used in the chemical synthesis as 

the oxidizing agents. The procedure of GBS synthesis was repeated with all three oxidizing agents additionally adding 

phosphorus pentoxide as water binding agent. Moreover, all GICs were heat treated at 800 °C. Obtained samples were 

characterized using optical microscopy, Raman spectroscopy, X-ray powder diffraction (XRD) and scanning electron 

microscopy (SEM).  

The process of GBS formation was observed using all three oxidizing agents. However, highest intercalation degree 

was reached using ammonium persulfate and potassium persulfate oxidizers. Meantime, using chromium trioxide resulted 

in much higher concentration of defects, largest interplanar distances (0.337 nm) and smallest crystallite sizes (7.34 nm). 

After annealing, structure of the samples mostly returned to the graphite structure. Our study has shown that GBS 

compounds obtained using all three oxidizing agents can be successfully used for the production of graphene oxide and 

graphene.  
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