Adsorption and oxidation of phthalic acid on cryptomelane (α-MnO₂) nanoparticles: X-ray diffraction, Raman spectroscopy and AFM analyses
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Phthalic acid (PA) and phthalate derivatives are environmentally ubiquitous, used in cosmetics, as plasticizers, and some of them are classified as presumed human reproductive toxicants (Saillenfait, 2015). Cryptomelane (α-MnO2) from natural sources or produced via different routes (sol-gel, solid solution) is used in electrode materials, energy storage, as adsorbent, catalyst (Gao et al., 2008) and in water purification. 
The objective of this study was to examine the efficiency of generated (α-MnO2) nanoparticles via sol-gel process using adapted Cheney et al. (2006) method, in the adsorption and oxidation of PA at pH = 2.0 and 20.0 °C. Further, to characterize the mineral surfaces before and after adsorption of the aromatic organic acid by X-ray diffraction, Raman Spectroscopy and Atomic Force Microscopy analyses, which to date, have not been explored for the organo-mineral complex.
X-ray diffraction patterns showed that produced α-MnO2 nanoparticles are of high purity with crystallites average size of 12 nm that did not significantly change (11 nm) after 4h of contact time with phthalic acid. The crystalline order of the mineral has been slightly affected (decrease in the peak intensities) after adsorption of PA, as well as a decrease in the oxidation number of the oxide, from 3.65 to 3.45. The adsorption capacity of α-MnO2 was 10.2 mg/g, indicating a low affinity of the mineral surfaces toward PA. Also, the amount of CO2 released from PA in the presence of α-MnO2, as a function of time, was slow and reached a maximum of 35 μmol after 6h.
At low wavenumbers (100-1000 cm-1), Raman spectroscopy of α-MnO2, clearly illustrate the presence of the nine Raman active modes as fingerprints of the α-phase (Gao et al., 2008). After adsorption of PA, the intensity of the bands substantially decreased, confirming the influence of PA adsorption on the mineral tunnels structure. Raman active modes appearing at high wavenumbers (2000-3500 cm-1), and so far, have not been assigned, will be discussed.  

Atomic force microscopy analysis of α-MnO2 revealed an average particle size of 15 nm. After adsorption of PA, there is a clear change in the particle morphologies with increasing contact time, the average size of rod shaped particles significantly increased to 20 nm after 30 min, and up to 40 nm, after 2h. Furthermore, the roughness of α-MnO2-PA complex was 50 % lower than that of α-MnO2, indicating an edging of the mineral texture by the organic acid. The oily film formed on the cryptomelane suspensions and observed after 0.5h of contact time with PA, might have resulted from a catalytic oxidation at the octahedral molecular sieve structure (OMS) of α-MnO2 and deserves more attention in future search.
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