Vibrational and THEORETICAL DFT studies of the food additive sodium beNzoate

N. Peica1, C. Lehene2, N. Leopold2, V. Chis2, O. Cozar2, W. Kiefer1
1Institut für Physikalische Chemie, Universität Würzburg, Am Hubland, D-97074 Würzburg, Germany

2Faculty of Physics, Babeş-Bolyai University, Kogălniceanu 1, 400084 Cluj-Napoca, Romania

Sodium benzoate is the sodium salt of benzoic acid (known as E211 in Europe) and it is widely used in many products, in radiator cooling system, in papers that wrapped metal for products prone corrosion, to retard the development of yeasts and moulds in foods, and medicinal syrups. Sodium benzoate exists in a pH-dependent equilibrium between uncharged acid molecules and charged anions [1,2].

Raman spectroscopy was employed for the study of sodium benzoate molecules, in the solid state, as well as in different acidic and basic aqueous solutions. Two types of sodium benzoate molecule, manufacturing and pure chemical, were studied. The FT-Raman spectrum of sodium benzoate powder was obtained and the marker bands were identified [3], while the micro-Raman spectra of sodium benzoate solutions could be recorded up to micromolar level.

Analyzing the Raman spectra of the sodium benzoate solutions, one could evidence the transition from anionic to undissociated molecular form on going from basic to acidic pH values [4]. The surface-enhanced Raman scattering (SERS) spectra of sodium benzoate could be recorded even at low concentrations and also in the 4.5 – 7 pH range with a conventional SERS setup (2.8*10-4 mol l-1).
The surface selection rules [5,6] along with data from literature [3,4] have reasonably explained the adsorbate structures on the metal surface at different concentrations and pH values. A strong chemical interaction of sodium benzoate with the silver colloidal particles was observed under micromolar concentrations through the lone pair electrons of the oxygen atoms belonging to the carboxylate anion in a perpendicular orientation.

Experimental findings are compared with theoretical DFT calculations of the neutral and the anionic forms of the investigated molecule. Our DFT calculations were performed in the gas-phase, but also by modeling the molecule adsorbtion on the silver surface.
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