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ABSTRACT 
There is a huge body of evidence supporting the hypothesis of pesticides being one of the 

main environmental stressors and their direct correlation with diverse impacts on human 
health. Several studies have established the epidemiological association between pesticide 
exposure and elevated rate of chronic diseases such as different types of cancers, diabetes, 
neurodegenerative disorders like Parkinson and, Alzheimer, birth defects, and reproductive 
diseases. United Nations estimates that approximately 99% of pesticides used in agriculture 
contaminates soil, air and especially water, with unpredictable consequences. Indeed, 
alternative, environmentally friendly, yet, efficient methods of water purification, have become 
an urgent need. In this context, Advanced Oxidation Processes (AOPs) have been 
particularly effective in the decomposition of a wide range of pollutants present in various 
environmental media. Among them, heterogeneous photocatalytic oxidation in the presence 
of semiconducting oxides, mainly TiO2, has served as one of the most promising alternatives 
for drinking water processing. Due to its associated advantages, various modifications of the 
TiO2 photocatalytic process have been suggested, including coupling of TiO2 with graphene-
based materials. 
In the present study, preparation of graphene oxide and its' conjugation with TiO2 has been 
conducted, aiming to the enhancement of the photocatalytic efficiency of TiO2 and/or the 
exploitation of visible light spectrum. Various parameters have been investigated, including 
the amount of graphene oxide and the type of TiO2 employed in the synthesis of the TiO2/GO 
composites. Clopyralid (3,6-dichloro-2-pyridine-carboxylic acid), a systemic herbicide from 
the chemical class of pyridine compounds, often detected in drinking water, served as a 
model pollutant for the evaluation of the photocatalytic efficiency of the prepared mixed 
oxides.  

Keywords: clopyralid, graphene oxide, photocatalytic, TiO2. 
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Discussion and Conclusions
• GO was successfully prepared from graphite according to the modified Hummers
method. It was then, combined with commercial TiO2 P25 resulting to three different
composites with 1, 5 or 10% GO content (nominal).
• SEM images revealed the successful preparation and complexation of GO with
TiO2, demonstrating small sphere-like pTiO2 particles smoothly deposited onto the GO
sheets (Fig. 2).
• FTIR spectra reveal interesting findings about the prepared GO/TiO2 P25 composites.
First, a shift from 1600 cm-1 to ~1640 cm-1, characteristic of the conjugation of the
carbonyl groups of GO with functional groups on the surface of TiO2. Second, the slight
difference in the transmittance between 1% and 5% sample at 3300 cm-1 can be attributed
to the different concentration of GO in the prepared mixed catalysts, which corresponds to
different ratios of functional groups (-OH) in each sample (Fig. 3).
• In all cases, the initial degradation rates during photocatalytic degradation of the
herbicide clopyralid, in the presence of UV-A irradiation, were enhanced in comparison to
the bare TiO2 P25 (Fig. 4A). Similarly, mineralization of the herbicide was faster under UV-
A irradiation, when either of the three GO/TiO2 P25 composites was employed (Fig. 4B).

Materials and Methods
GO was synthesized with the modified Hummers method (Hummers and Offeman, 1958).
Commercial graphite powder was stirred in the presence of concentrated H2SO4 at 0°C.
KMnO4 was slowly added to the suspension, at temperature below 20°C. The reaction
mixture was cooled to 2°C and was then stirred at room temperature for 30 min. Distilled
water was slowly added to the reaction vessel, keeping the solution temperature below
98°C. The suspension was stirred for additional 15 min, was further diluted with distilled
water and 30% w/w H2O2 was added. The mixture was left overnight. Precipitated GO
was separated by decantation. The remaining suspension was transferred to dialysis
tubes. Dialysis was carried out until no precipitate of BaSO4 was detected by addition of
aqueous solution of BaCl2. Then, GO was separated by centrifugation. The gel-like
material was freeze dried and a fine dark brown powder of GO was obtained.
GO/TiO2 mixed oxides were prepared as shown in Fig. 1. The desired amount of GO was
added to isopropanol and was sonicated for 2h. TiO2 P25 (Evonik) was added to the
exfoliated GO and was stirred for 2h at 50-70 °C. The suspension was then sonicated for
1h and was then , dried at 75 °C o/n. The mixed oxide was then left to cool at RT, grinned
and washed 5 times with doubly distilled water. The final product, a grey powder, was
obtained after drying at 75 °C o/n.

Figure 1: Route of preparation of graphene oxide/TiO2 P25 composites.

Figure 2 A: Clopyralid (3,6-dichloro-2-pyridine-carboxylic acid, CAS No. 1702-17-6, Mr: 192 g mol-1). B: Sketch of
the photocatalytic reactor employed in the photocatalytic oxidation of clopyralid: 1. reaction vessel, 2.
irradiation source, 3. borosilicate glass, 4. air inlet, 5. air outlet, 6. stirrer.

Photocatalytic oxidation of clopyralid was performed in a closed Pyrex cell of 300 mL
capacity, fitted with a central Osram Dulux 9W/78 lamp, under magnetic stirring (Fig.
2B). The cell had inlet and outlet ports for bubbling CO2 free air. Photocatalysis was
conducted at a working volume of 250 mL, at 3.8±0.1 initial pH and constant temperature
(25±0.1°C).
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Introduction and Objectives
There is a huge body of evidence demonstrating that pesticides are, indeed, on top of the
list of the main environmental stressors with diverse impacts on human health.
According to United Nations, approximately 99% of pesticides used in agriculture
contaminates soil, air and especially water, with unpredictable consequences.
In this context, Advanced Oxidation Processes (AOPs) and TiO2 mediated photocatalytic
oxidation, in particular, have been remarkably effective in the decomposition of a wide
range of pollutants present in various environmental media. Due to its associated
advantages, various modifications of the TiO2 photocatalytic process have been
suggested, including coupling of TiO2 with graphene-based materials.
In the present study, preparation of graphene oxide (GO) and its' conjugation with TiO2

has been conducted, aiming to the enhancement of the photocatalytic efficiency of TiO2.
Clopyralid, a systemic herbicide from the chemical class of pyridine compounds, often
detected in drinking water, served as a model pollutant for the evaluation of the
photocatalytic efficiency of the prepared mixed oxides.
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Figure 4. Photocatalytic oxidation (A) and mineralization (B) of 20 mg L-1 clopyralid in the presence of UV-A
irradiation and 0.1 g L-1 GO/TiO2 P25 composites.
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Figure 3. FTIR specrta of graphene oxide
and TiO2 P25 composites. Blue line: 1%
GO/TiO2 P25, black line: 5% GO/TiO2
P25.
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Figure 2. SEM of 1 and 5% GO/TiO2 P25 composites. A-B: 5
μm, C-D: 10 μm magnification.
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