Single-Step Electropolymerization of a Poly(Toluidine Blue)/Graphene Quantum Dot Nanocomposite in Binary and Ternary Natural Deep Eutectic Solvents for Nitrite Sensing
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Toluidine blue (TB) was electropolymerized in binary and ternary natural deep eutectic solvents (NADES) by cyclic voltammetry, producing poly(TB)/graphene quantum dot (GQD) nanocomposite films on glassy carbon electrodes (GCE) in a single step. Binary NADES were prepared from choline chloride (ChCl) combined with acetic acid, lactic acid, D-glucose, or fructose; ternary NADES (TNADES) were obtained by mixing binary components at fixed volumetric ratios or by direct mixing of the three individual constituents. NADES composition had a strong effect on film growth kinetics and peak definition [1,2]. Carboxylic acid-based systems produced three well-resolved redox couples, a consequence of the proton-coupled electron transfer (PCET) character of TB and the greater proton availability in those media. Sugar-based systems gave fewer, broader redox features due to elevated viscosity and slow ion transport. Among all formulations, TNADES 12 (ChCl: acetic acid: glucose, direct mixing) produced the best electropolymerization profile: lower viscosity, well-defined redox peaks, and higher current density. GQDs synthesized directly in TNADES were smaller (2.1 ± 0.55 nm vs. 3.4 ± 0.40 nm for aqueous GQDs) and more uniform, with a narrower size distribution and a dominant single emission band in photoluminescence. Electrochemical impedance spectroscopy showed that GQD incorporation reduced charge-transfer resistance and increased electroactive surface area [3]. The (PTB/GQD)TNADES 12/GCE sensor had a pH-dependent oxidation potential consistent with a one-electron, one-proton PCET process (slope: 54.9 mV/pH, R² = 0.996) and adsorption-controlled kinetics. In phosphate buffer (pH 4.0), differential pulse voltammetry gave two linear ranges for nitrite: 2–6 µmol L⁻¹ and 8–18 µmol L⁻¹, with a detection limit of 0.38 µmol L⁻¹ [4]. Repeatability was 3.3% RSD (n = 10), electrode-to-electrode reproducibility was 1.1% RSD (n = 3), and the response remained at 102% of its initial value after seven days. Recoveries in tap water, drinking water, orange juice, and powdered milk ranged from 96 to 108%. Ternary NADES simultaneously controlled the stability of radical intermediates during electropolymerization and directed GQD size and morphology, thereby removing the need for separate film and nanomaterial preparation steps.
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