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The adsorption techniques have highly attracted the world’s attention for wastewater treatment due to their sufficient 
contaminant removal, low cost and free complexity steps. Amongst the recently developed adsorbents, graphene has 

enhanced the weakness of them due to its remarkable properties mainly, massive surface area of and tunable chemistry. This 
research presents a comprehensive study on graphene-based materials for wastewater treatment. By incorporating starch 
molecule as green spacer in graphene hydrogel, the interlayer spacing between graphene sheets was significantly increased, 
thereby providing more available pores and accessible surface area for adsorption of water contaminants. Scanning electron 
microscope (SEM), X-ray Diffraction (XRD) and Fourier Transform Infrared (FT-IR) were performed to illustrate the different 
physiochemical characteristics before and after adding spacer. Ultraviolet-Visible Spectroscopy (UV-VIS) was implemented 
to investigate the differences between the reduced Graphene Oxide Hydrogel (rGOH) and reduced Graphene Oxide Starch 
Hydrogel (rGOSH). The latter demonstrated a faster adsorption kinetics and higher capacity compared with the rGOH due 
the presence of starch molecules as a spacer, availability of the larger surface area and more porosity for up taking the foreign 
molecules. Organic and organometallic dyes with different charges (i.e. Methylene Blue (MB), Rhodamine B (RhB), Rose 
Bengal (RBg) and Tris (bipyridine) Ruthenium (II) Chloride (RuBpy)) were utilized to investigate the adsorption preference 
and selectivity of the hydrogels towards diverse chemistries of the sorbates. RuBpy with positive charge group due to strong 
attractive interaction with negatively charged hydrogel surface yielded the highest adsorption capacity and kinetics compared 
to the neutral MB and RhB. However, the negative RBg exhibited an insignificant adsorption profile. Such selective adsorption 
properties of the prepared hydrogel would create a broader range of opportunities for different applications (e.g. energy storage, 
controlled drug delivery, water treatment, etc.)
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