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Abbreviations:HNTs, Halloysite Nanotubes; AFM, Atomic 
Force Microscopy

Introduction
Forensic science is a wide field, which comprises of contributions 

of different branches such as physics, biology, chemistry, geology 
along with mathematics for the examination and analysis of various 
evidence collected from a crime scene. In recent times, Nanotechnology 
has enabled the fast, specific and sensitive analysis of evidence. 
Nanotechnology-basedtechniques such as Atomic Force Microscopy 
(AFM) have eased the detection of evidence such as explosives, 
human hair, line crossings and blood .1 Various nanomaterials such 
as silver and gold nanoparticles have also been used for the detection 
as well as collection of evidence. Among various kinds of evidence, 
fingerprints have always served as a promising means during forensic 
investigations. Collection and development of latent fingerprints has 
always been a problem for investigators. In a literature, bentonite clay 
has been used for the development of latent fingerprints. The clay was 
loaded with cationic dyes, rhodamine 6G and methylene blue, which 
helped in the development of fingerprints .2 Halloysite Nanotubes 
(HNTs) can also be used for collection and detection of various 
evidence during forensic investigations.

Halloysite nanotubes: an overview

HNTs are naturally occurring clay mineral. They are having 
nanotubular structure with lengths varying from several hundred 
nanometers to several micrometers .3 They have aluminosilicate 
composition and exhibit positive charge in the inner lumen and 
negative charge on the outer surface. This type of surface chemistry 
has enabled their use for loading of various cationic and anionic guest 
molecules such as enzymes .4 and dyes .5 Their surface can be modified 
with a variety of polymers to enhance the sensitivity of these materials 
for various analytes. Non-toxicity and biocompatibility of HNTs have 
attracted the attention of various researchers around the globe for 
using them in various biological and pharmaceutical applications .6 
However, in the field of forensic science, the properties of HNTs such 
as large surface area, tubular lumen, excellent adsorption capacity and 
tunable surface chemistry can be helpful while collecting evidence 
such as fingerprints and during detection of samples such as DNA and 
explosives.

Halloysite nanotubes in forensic investigations In 
evidence collection

HNTs exhibit large surface area and their structure resembles a 
sheet rolled into a cylindrical form. Clay-based materials have been 
used in past for the collection of latent fingerprints .2 HNTs can easily 
replace such materials due to their large and specific surface area. 
This feature of HNTs can help in collecting and developing the barely 
visible latent fingerprints from crime scenes. The nanoscale structure 
of HNTs can enable their spreading over a large sample collection 
area and assist in developing and collecting the fingerprints with ease. 
HNTs have been loaded with various dyes in the past .5 This ability 
can be utilized during fingerprint development by immobilizing 
fluorescent agents and dyes on the surface and inside the lumen of 
HNTs.

In evidence detection

The tunable surface chemistry has facilitated the use of HNTs 
for the detection of various molecules such as glucose, pesticides, 
proteins and nucleic acids. This property of HNTs can be exploited 
in the detection of various evidence collected from crime scenes. 
Previous studies have shown that gold nanoparticles (AuNPs) 
upon immobilization in HNTs help in detection of DNA as well as 
differentiate between single and double stranded DNA .7 This ability of 
HNTs in combination with AuNPs can be helpful in detection of single 
and double stranded DNA samples during forensic investigations. 
Apart from nucleic acid, surface of HNTs can be tuned accordingly 
for the detection of various cationic and anionic biological agents 
used during terrorist activities. The surface chemistry can also play 
an important role in the detection of various explosives from crime 
scenes. Excellent adsorption capacity of HNTs can help in the 
detection of various toxic and explosive gases used in the course of 
terrorist attacks. In recent times, HNTs have also been explored in the 
development of nanosensors. Such sensors can also give rapid and 
on the spot results about the presence of evidence such as explosives, 
nucleic acids, toxic gases, etc. during forensic investigations.

Conclusion
Forensic Science has started exploring various types of 

nanomaterials during forensic investigations for different applications. 
Halloysite nanotubes have properties such as large surface area, 
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Abstract

Nanotechnology-based materials have started gaining attention in the field of Forensic 
Science during investigations. In future, the nanomaterials can enable easy collection 
and along with rapid and specific detection of evidence from crime scenes. This article 
focused on the aspects of Halloysite Nanotubes, a clay-based nanomaterial, in forensic 
investigations. They have the potential to be used in the development of fingerprints as 
well as detection of evidence such as biological agents, explosives and toxic gases during 
forensic investigations.
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tunable surface chemistry and excellent adsorption capacity, which 
can be explored for forensic investigations. The nanomaterial needs to 
be explored for different applications in forensic investigations such 
as development of fingerprints and detection of explosives and gases. 
Additionally, intensive research needs to be done for exploring the 
potential of HNTs in the investigation of firearm incidents and soil 
samples from crime scenes.
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