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DESCRIPTION
Forensic science plays a critical role in the justice system by
providing scientific analysis to support investigations and court
proceedings. Mass Spectrometry (MS) allows forensic scientists
to determine the chemical structure, molecular weight, and
composition of a wide range of substances, including drugs,
toxins, explosives, and biological samples. Its ability to provide
accurate and reproducible data makes MS indispensable in
criminal investigations, toxicology reports, and post-mortem
analysis. This manuscript discusses the importance of Mass
spectrometry in forensic science, its applications in identifying
unknown compounds, and the technological advancements that
have expanded its use in criminal investigations. Mass
spectrometry operates on the basic principle of ionizing chemical
compounds to generate charged molecules or molecular
fragments and measuring their mass-to-charge ratios (m/z). The
sensitivity and specificity of MS make it particularly suited for
forensic investigations, where the detection of trace amounts of
substances or identification of complex mixtures is critical. Law
enforcement agencies frequently rely on MS to analyze
substances seized during investigations, including narcotics,
synthetic drugs, and designer drugs. For example, in cases where
drug-related paraphernalia or residue is found at a crime scene,
forensic scientists can use MS to determine the composition of
the sample, identify the active ingredients, and ascertain whether
it contains illegal substances. In addition, Mass spectrometry is
essential in analyzing biological samples such as blood, urine,
and hair to detect drugs of abuse. Gas Chromatography-Mass
Spectrometry (GC-MS) is often used to analyze volatile and semi-
volatile compounds in toxicology screenings. GC-MS can detect
a wide array of substances, including amphetamines,
cannabinoids, opioids, and hallucinogens, providing important
evidence in drug-related crimes.

In cases involving explosives, MS is a key technique for
identifying the chemical composition of the explosive materials.

Ion Mobility Spectrometry-Mass Spectrometry (IMS-MS) can 
detect explosive residues even when present in minute 
quantities. Forensic scientists use MS to analyze bomb 
fragments, residues on clothing or in vehicles, and trace evidence 
found at the crime scene to determine the type of explosive used 
and potentially link the materials to known terrorist or criminal 
groups. By analyzing chemical residues left at a fire scene, 
forensic scientists can detect hydrocarbons or other accelerants 
that may have been used to start the fire. GC-MS is often used in 
this context to separate and identify volatile organic compounds 
that indicate the presence of accelerants. Mass spectrometry 
plays a pivotal role in post-mortem investigations, particularly in 
cases where there is suspicion of foul play or unknown causes of 
death. Forensic pathologists can use MS to analyze blood, 
tissues, and bodily fluids to detect drugs, poisons, or metabolic 
byproducts that may have contributed to the individual's death. 
Bloodstain analysis is another area where MS has proven 
valuable. By analyzing dried bloodstains found at crime scenes, 
forensic scientists can determine the presence of drugs, alcohol, 
or toxins that may be linked to the perpetrator or victim. Mass 
Spectrometry (MS) is also used in Deoxyribonucleic Acid (DNA) 
profiling, where it assists in characterizing and identifying 
genetic material from biological samples left at crime scenes.

Mass spectrometry has transformed forensic science by providing 
precise, reliable, and sensitive methods for identifying unknown 
compounds. From drug identification and toxicology to 
explosives analysis and post-mortem investigations, MS is an 
invaluable tool that has shaped modern forensic practice. As 
technological advancements continue, mass spectrometry will 
play an even more prominent role in solving crimes, supporting 
justice, and safeguarding public health.
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