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Some Techniques Used

• Infra Red/FT-IR Spectroscopy
• NMR
• Raman Spectroscopy
• Mass Spectrometry
• LC-MS
• Confocal Microscopy
• XRF = X ray Fluorescence 
• HPLC
• DNA/PCR



Gunshot Residue

• The most commonly used method for the chemical analysis of 
gunshot residue is scanning electron microscopy (SEM) with energy 
dispersive X-ray (EDX), which focuses on the inorganic elements 
present in ammunition propellants, particularly heavy metals.

• Gunshot residue (GSR) consists of unburned or partially burned 
gunpowder particles, soot, nitrate, and nitrites from the combustion 
of the powder, particles of primer (oxides of lead, antimony, and 
barium), and micro-pieces of the bullet or the bullet jacket that are 
vaporized when a firearm is discharged.



Raman Spectra of Explosive Residues

Pentaerythritol tetranitrate, also 

known as PENT, pentyl, PENTA, 

TEN, corpent, or penthrite, is an 

explosive material. It is the nitrate 

ester of pentaerythritol, and is 

structurally very similar to 
nitroglycerin. 

TATP is a homemade explosive

(HME) that has seen widespread 

illicit use over the last two decades. 

It stands for TRIACETONE TRIPEROXIDE. 



Deliberate Fire Investigations

Forensic tools

• Infrared cameras, gas chromatographs, and specially trained dogs can help analyse the physical 
elements of the fire.

Ignition devices

• Investigators look for obvious ignition devices like matches, electronic ignitors, or the glass of a 
Molotov cocktail.

Accelerant detection dogs

• These dogs can detect even the smallest hint of an accelerant, such as gasoline, acetone or lighter 
fluid.



Ethanol vs Methanol

Contaminated home brews
Can contain traces of methanol



Poison Chemistry/Toxicology - I



Poison Chemistry/Toxicology - II



Nerve Agents



Nerve Agents



Illegal Drugs

• Guidelines have been set up by various governing bodies regarding 
the standards that are followed by practicing forensic scientists. For 
forensic chemists, the international Scientific Working Group for the 
Analysis of Seized Drugs (SWGDRUG) presents recommendations for 
the quality assurance and quality control of tested materials. In the 
identification of unknown samples, protocols have been grouped into 
three categories based on the probability for false positives.

https://en.wikipedia.org/wiki/Scientific_Working_Group


Illicit Drug Chemical Analysis 
Categories/Techniques

SWGDRUG analysis categories

Category A Category B Category C

• Infrared spectroscopy
• Mass spectrometry
• Nuclear magnetic
resonance NMR spectroscopy
• Raman spectroscopy
• X-ray diffractometry

• Capillary electrophoresis
• Gas chromatography
• Ion-mobility spectrometry
• Liquid chromatography
• Microcrystalline tests
• Pharmaceutical identifiers
• Thin-layer chromatography
• Cannabis only:
Macroscopic and
microscopic examination

• Colour tests
• Fluorescence spectroscopy
• Immunoassay
• Melting point analysis
• Ultraviolet spectroscopy

https://en.wikipedia.org/wiki/Infrared_spectroscopy
https://en.wikipedia.org/wiki/Mass_spectrometry
https://en.wikipedia.org/wiki/Nuclear_magnetic_resonance
https://en.wikipedia.org/wiki/Nuclear_magnetic_resonance
https://en.wikipedia.org/wiki/Raman_spectroscopy
https://en.wikipedia.org/wiki/X-ray_crystallography
https://en.wikipedia.org/wiki/Capillary_electrophoresis
https://en.wikipedia.org/wiki/Gas_chromatography
https://en.wikipedia.org/wiki/Ion-mobility_spectrometry
https://en.wikipedia.org/wiki/Liquid_chromatography
https://en.wikipedia.org/wiki/Thin-layer_chromatography
https://en.wikipedia.org/wiki/Cannabis_drug_testing
https://en.wikipedia.org/wiki/Presumptive_and_confirmatory_tests
https://en.wikipedia.org/wiki/Fluorescence_spectroscopy
https://en.wikipedia.org/wiki/Immunoassay
https://en.wikipedia.org/wiki/Melting_point
https://en.wikipedia.org/wiki/Ultraviolet%E2%80%93visible_spectroscopy


QA/QC: ISO 9001 and ISO 17025

• Quality assurance (QA) prevents and assesses quality problems 
through a system of processes and procedures including training, 
documentation, monitoring and audits. Quality control (QC) detects 
errors in the product/measurement.

• Quality control encompasses all activities that bring an analysis into 
statistical control. The most important facet of quality control is a set 
of written directives describing the relevant laboratory-specific, 
technique-specific, sample-specific, method-specific, and protocol-
specific operations.



Instrument Suppliers

• Bruker
• Drager
• 908 Devices
• JEOL
• Thermo Scientific
• Oxford Instruments
• Renishaw
• HORIBA
• Shimadzu
• Agilent
• Perkin Elmer



SMART Water/Selecta DNA
• Each SelectaDNA property marker and spray contains a unique DNA 

code. These codes allow police to identify property/valuables and link 
criminals to the crime. Synthetic DNA is tested to PAS 820.

• SmartWater is a traceable liquid and forensic asset marking
system (taggant), that is applied to items of value to identify 
thieves and deter theft. The liquid leaves a unique identifier.

https://www.bsia.co.uk/zappfiles/bsia-front/Pdfs/147_intro_to_pas_820.pdf
https://en.wikipedia.org/wiki/Traceability
https://en.wikipedia.org/wiki/Forensic_identification
https://en.wikipedia.org/wiki/Label#Assets
https://en.wikipedia.org/wiki/Taggant


Art/Document Fraud

Forged 8 made from a 3: 
Different kind of Blue Ink
Analyzed by FT-IR

Analysing Ancient 
Pigments using Raman



Fake Money

• If you shine an ultraviolet light on a bill, the security thread will glow. 
Each denomination glows a different colour. 

• Magnetic & Colour Shifting Inks: Some counterfeit detectors can 
detect the magnetic properties of inks to tell if bills are real.

• Raman Microscopy can detect the chemical signature of real vs fake 
pigments on bank notes



Fake Medicine

• Fake medicines cause a lot of pain and suffering
• Sick people either get the wrong medication or a placebo
• There are many technologies to fight fake medicines such as 

difficult to reproduce packaging (holograms, etc)
• Hand held Raman spectrophotometers are one way to detect 

acive ingredients
• IR also works for organic molecules



Forensic Pathology

• The forensic pathologist is a subspecialist in pathology whose area of 
special competence is the examination of persons who die suddenly, 
unexpectedly or violently. The forensic pathologist is an expert in 
determining cause and manner of death.

• Medical Pathology is the study and understanding of how illness and 
diseases work and their impact on people.

• Chemical pathology (cross between toxicology and pharmacology)
• Haematology (blood)
• Histopathology (tissues)
• Microbiology and virology (viruses and bacteria)

https://www.healthcareers.nhs.uk/explore-roles/doctors/roles-doctors/pathology/chemical-pathology
https://www.healthcareers.nhs.uk/explore-roles/doctors/roles-doctors/pathology/haematology-doctor
https://www.healthcareers.nhs.uk/explore-roles/doctors/roles-doctors/pathology/histopathology-doctor
https://www.healthcareers.nhs.uk/explore-roles/doctors/roles-doctors/pathology/microbiology-and-virology-doctor


BF/VH Analysis

• BF = Bodily Fluids
• VH = Vitreous Humor
• Stomach content
• Urine
• Blood 



Forensic Anthropology

• Forensic anthropology is a branch of physical anthropology that 
applies the science of anatomy to forensics. These scientists help law 
enforcement agents during criminal investigations to identify human 
remains, interpret the trauma, cause and estimated time of death.

• Forensic anthropologists concentrate mainly on bone anatomy, 
whereas, forensic pathologists concentrate on soft tissue anatomy, 
internal organs, bodily fluids, etc.

• Forensic anthropologists determine the ancestry of a skeleton by 
examining the morphology, or shape, of the skull and by taking 
measurements of the skull vault (cavity) and face.



Forensic AnthropoLogy - II

• The skull is considered to be the most important bone for race 
determination because without it, the origin of race cannot accurately 
be determined. Forensic anthropologists use lengths, widths, and 
shapes of skull features along with population-specific dental traits to 
aid them in determining race/ancestry.



Forensic Taphonomy (Human Decay)

• “Decomposition is incredibly dependent upon local conditions: the 
surrounding temperature, rainfall, humidity, soil type, ecology, 
insects, scavengers… it’s all dependent on these variables. So, the 
information coming out of the existing facilities is very useful but it’s 
not directly applicable to forensic cases in the UK.”

Professor Anna Williams - University of Central Lancashire



Standards

• ASTM Standard Test Method for Ignitable Liquid Residues in Extracts 
from Fire Debris Samples by Gas Chromatography:  
https://www.astm.org/e1387-95.html 

• ANSI Forensics Standards https://webstore.ansi.or

• https://www.gov.uk/government/organisations/forensic-science-
regulatorg/industry/forensics  

https://www.astm.org/e1387-95.html
https://webstore.ansi.org/industry/forensics
https://webstore.ansi.org/industry/forensics
https://webstore.ansi.org/industry/forensics
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https://www.healthcareers.nhs.uk/explore-roles/doctors/roles-doctors/pathology
https://www.healthcareers.nhs.uk/explore-roles/doctors/roles-doctors/pathology
https://www.sciencefocus.com/the-human-body/body-farms
https://anthroholic.com/forensic-anthropology
https://www.youtube.com/watch?v=SpdGK4OAsyk
https://study.com/academy/lesson/infrared-spectroscopy-in-forensics-definition-uses.html
https://study.com/academy/lesson/infrared-spectroscopy-in-forensics-definition-uses.html
https://www.nytimes.com/2021/10/19/science/skeletons-racism.html
https://www.nytimes.com/2021/10/19/science/skeletons-racism.html
https://www.huttonltd.com/services/soil-forensics


References/Further Reading
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https://www.bruker.com/fr/applications/detection-and-environmental/forensics/art-and-document-forgery.html
https://www.bruker.com/fr/applications/detection-and-environmental/forensics/art-and-document-forgery.html
https://cen.acs.org/articles/85/i24/Counterfeiting-Countermeasures.html
https://cen.acs.org/articles/85/i24/Counterfeiting-Countermeasures.html
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