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This work addresses the relationship between sp²/sp³ carbon hybridization ratios and electroanalytical performance across dimensional hierarchies of diamond-based nanostructures. We trace the transition from high-quality boron-doped diamond (BDD) to “diamondish” materials with varying degrees of sp² carbon incorporation, and show how this transition alters electron transfer kinetics, analyte adsorption, and detection capabilities. Heterogeneities in BDD arising from crystallographic orientation, dopant distribution, and surface termination collectively determine electrochemical reactivity. Comparative evaluation of BDD electrodes against boron-doped carbon nanowalls (B:CNWs) reveals that multi-dimensional wall-like architecture enhances detection sensitivity — up to 18-fold improvement for pharmaceutical analytes and lowered detection limits for paraquat (0.47 μM), acetaminophen (0.08 μM), and per-/polyfluoroalkyl substances (1.2 μg/L).
We further examine defect engineering in B,N-codoped carbon nanowalls (BCNWs) synthesized by microwave plasma-enhanced chemical vapor deposition, where boron and nitrogen were simultaneously incorporated during growth. Defect type and density were tuned by varying the gas precursor composition and applying post-growth argon plasma treatment. The Ar plasma predominantly induced chemical modifications — removal of sp²-C and C–O bonds, creation of carbon vacancies, and subsequent formation of C=O functionalities — while leaving BCNW morphology largely intact. Progressive plasma exposure transformed dangling bonds into sp³-C configurations, increased pyridinic and graphitic nitrogen content, and reduced B–N functionalities.
These defect-tailored BCNWs enabled, for the first time, direct label-free electrochemical oxidation of glyphosate (GLY) and its metabolites aminomethylphosphonic acid (AMPA) and sarcosine. The sample grown at a B/C ratio of 2000 ppm proved most effective for oxidizing all three analytes despite possessing the lowest electrochemically active surface area, indicating that defect type outweighs surface area in controlling reactivity. Specific boron bonds (B–C and B–N), coupled with the absence of pyridinic-N (a Lewis base that inhibits GLY adsorption through charge repulsion), were found essential for analyte oxidation. The second-order combinational Raman D+D* mode at ≈2570 cm⁻¹ emerged as a reliable spectroscopic indicator of analyte affinity, inversely correlated with boron defect content. Molecular dynamics simulations predicted strongest GLY and AMPA adsorption at hydrogen-terminated and hydroxyl defect sites (interaction energies of −2.51 eV), while pyridinic-nitrogen defects showed the weakest interactions (0.93 eV), consistent with experimental findings. These results establish design principles for next-generation nanocarbon electroanalytical platforms where controlled sp² content, targeted defect engineering, and dimensional architecture enable tailored sensitivity for contaminant monitoring and pharmaceutical detection.
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