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“Comb-Shaped Nanotube Architectures Synthesized
under Oxygen-Free Conditions for Forensic

Biomarker Detection

Abstract The development of nanotechnology has created new opportunities in forensic science to more
sensitively detect biological evidence traces. This study produced stable nanostructures and controlled car-
bonization by synthesizing comb-shaped nanotube structures from pistachio shells in an oxygen-free environ-
ment. Scanning Electron Microscopy (SEM) was used to analyze the morphology. The results showed well-
defined comb-like nanotube arrangements with high surface area and porous surfaces, which greatly improve
biomolecule adsorption. X-ray diffraction (XRD) analysis revealed a broad peak at 2θ ≈ 24–26°, confirming
the nanotubes’ amorphous carbon nature with defect-rich sites that are ideal for adsorption and interaction
with forensic biomarkers. Fourier Transform Infrared Spectroscopy (FTIR) was used to further validate the
structure and revealed distinctive peaks that corresponded to the –OH, C=O, and C–H groups. These groups
of functions offer
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