Diamond incorporated Laser-Induced Graphene for enhanced reproducibility and repeatability of LIG
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Electrochemical interface engineering is crucial for the development of advanced energy storage and sensing systems. In this context, Laser-Induced Graphene (LIG) has emerged as a promising carbon material due to its high conductivity, developed surface area, scalable fabrication, and compatibility with flexible substrates. However, rapid and localized photothermal conversion during laser processing often results in heterogeneous graphitization, high defect density, and limited reproducibility of electrochemical properties [1].
In this work, nanodiamond (ND) and boron-carbon nanowall (BCNW) additives were incorporated into the precursor matrix to modify the structure and electrochemical behavior of LIG electrodes. Due to their high thermal conductivity and chemical stability, diamond-derived additives are expected to stabilize local laser processing conditions, improve conductive network homogeneity, and increase electrochemically active surface area.
The relationship between structural modification and electrochemical performance was investigated using cyclic voltammetry (CV), electrochemical impedance spectroscopy (EIS), and galvanostatic techniques. Structural characterization was performed using Raman spectroscopy and scanning electron microscopy, while electrical transport properties were evaluated using four-point probe measurements.
Electrochemical studies demonstrated improved heterogeneous electron-transfer kinetics for ND- and BCNW-modified electrodes compared to pristine LIG. The modified electrodes exhibited lower peak-to-peak separation values (ΔEₚ = 109 mV vs. 115 mV for pristine LIG) together with increased heterogeneous electron-transfer rate constants (k⁰ increasing from 1.77 × 10⁻³ to 1.98 × 10⁻³ cm s⁻¹). Higher reversibility parameters additionally confirmed enhanced charge-transfer efficiency and improved electrochemical reversibility. Bode phase analysis revealed a stronger capacitive contribution for LIG-ND electrodes, indicating improved interfacial characteristics and increased electrochemically active surface area.
The modified electrodes were further evaluated as platforms for impedance-based sensing of nitroaromatic compounds following peptide functionalization. Electrografting-based immobilization provided improved sensor stability, reduced signal drift, and enhanced sensing performance compared to electrostatic adsorption. The developed platform enabled TNT detection in the 0.001–1 ppm range with a limit of detection as low as 0.00087 ppm. Preliminary supercapacitor studies additionally indicate high specific capacitance, excellent power capability, and good cycling stability of diamond-modified LIG electrodes [2].
The presented results demonstrate that diamond-derived additives provide an effective strategy for tailoring interfacial charge-transfer processes and electrochemical performance of LIG-based electrodes for both sensing and energy storage applications.
Acknowledgements
This work was supported by the Science for Peace Programme of NATO [Grant G6112].
[1]	L. Cheng, C.S. Yeung, L. Huang, G. Ye, J. Yan, W. Li, C. Yiu, F.-R. Chen, H. Shen, B.Z. Tang, Y. Ren, X. Yu, R. Ye, Flash healing of laser-induced graphene, Nat Commun 15 (2024) 2925. https://doi.org/10.1038/s41467-024-47341-1.
[2]	S. Deshmukh, P. Jakobczyk, M. Ficek, J. Ryl, D. Geng, R. Bogdanowicz, Tuning the Laser‐Induced Processing of 3D Porous Graphenic Nanostructures by Boron‐Doped Diamond Particles for Flexible Microsupercapacitors, Adv 
