FORENSIC CHEMISTRY

WHAT IS FORENSIC SCIENCE?

Forensic science and criminalistics are the two terms used to describe the employment of science in solving crimes and mysteries.  The word forensic comes from the Latin word forum, meaning ‘the market-place’, because this is where judicial trials were carried out in Roman times.  The use of these two terms varies between professions and from country to country.  For example, the American Academy of Forensic Science has a criminalistics department that is involved in the analysis of evidence such as bloodstains, glass and soil.  

Other areas of forensic science include forensic pathology, forensic toxicology, forensic anthropology, forensic dentistry (ondontology), questioned document examination, voice analysis, polygraphs, fingerprinting and ballistics.  

As techniques in analytical chemistry become increasingly advanced, the amount of information that can be gleaned from the tiniest sample grows and grows.

FINGERPRINTS

How it all started:

The Chinese first realised the significance of the fingerprint thousands of years ago and used it on documents as a form of signature.  Sir Francis Galton was the first to compile a comprehensive collection of fingerprints and it was due to his work that the government began to study the feasibility of using them to identify criminals.  The ‘Henry System’ was developed as a result of this study (named after Sir Edward Richard Henry), and is still used to classify the different fingerprint patterns.  Since then, various scientists throughout the world have developed the necessary techniques required to use the fingerprint as an effective identification tool.  

PICTURE (Henry System)
Initially, there was concern about the uniqueness of the fingerprint and whether it would be possible for two people to share the same fingerprint.  As time went on, however, it could be shown experimentally that each fingerprint is completely unique and that it would take several generations of the population of the whole world to find a repeat fingerprint.  Not even identical twins share the same fingerprint.

Developing fingerprints:

	Constituent
	Quantity per mm2

	Chlorides
	>10 μg

	Amino acids
	10-100 μg

	Urea
	~1 μg

	Ammonia
	<0.5 μg

	Sebum
	5-100 μg



Table 1

Fingerprints are made up of tiny droplets ranging in size from 1-20μm, which consist mainly of sweat and approximately one millionth of a gram of chemical material in total.  A ‘hidden’ fingerprint, for example, one left at the scene of a crime, is called a ‘latent’ fingerprint (‘latent’ is the Latin word for ‘hidden’).  One way of making these fingerprints visible is called the ‘powder and brush’ technique.  In this method, the surface is brushed with a very fine powder that sticks to these droplets.  Some surfaces, however, absorb this powder and the fingerprints are not distinguishable.  This problem can be overcome by the use of electrostatics.  

PICTURE
The article to be analysed is attached to a negatively charged electrode connected to a high voltage.  A very fine powder is placed on the adjacent positive electrode, becomes charged and is attracted to the negatively charged specimen.  Due to the high voltage, the particles travel quickly and stick firmly to the fingerprint.  Particles hitting the electrode lose their positive charge and return to the positive electrode where they are recharged.  This process continues until the fingerprint has been sufficiently built-up.  

This technique is not appropriate for use on all surfaces, but there are several other methods that can be applied:

· Laser luminescence:  Involves the illumination of fingerprints due to fluorescing particles picked up during everyday life from paints, inks and oil.  It can be used on painted walls, metals, plastic and rubber, cloth and wood.  

· Metal evaporation:  The fingerprint is developed by first evaporating a thin layer of gold onto the specimen, followed by a layer of cadmium which fills in the print and provides a contrast.  

· Silver nitrate:  Used for fingerprints on paper, silver nitrate is sprayed onto the fingerprint where it reacts with the chlorides, to give the insoluble silver salt, silver chloride.  Not suitable for fabrics or rough surfaces such as wood.  

· Ninhydrin test:  Indantrione hydrate reacts with the amino acids in the fingerprint, giving a visible deposit.  Also not suitable for fabrics or rough surfaces.

· Iodine vapour:  Can be used to develop fingerprints on fabrics and rough surfaces.  Iodine vapour alone is useful only for prints up to 24 hours old, however a mixture of the vapour and steam allows this method to be effective for up to two months.  

· Bacteria:  Certain bacteria, for example acinetobacter calciacatieus, can be used to develop prints on valuable oil paintings, without harming the painting in the process.  The bacteria in a nutrient gel are pasted onto the surface of the painting, making the print visible as they multiply.  The gel can then simply be wiped off, leaving the painting unaffected.  

· Autoradiography:  Radioactive atoms are incorporated into the fingerprint by placing the piece of fabric into a container containing radioactive gases, such as iodine or sulphur dioxide, at a humidity of less than 50%.  The fabric is then put into contact with photographic film, and the radioactive atoms cause a picture to become clear.  

After the prints have been developed they can then be entered into a computer, which allows them to be quickly and easily recalled and compared to the fingerprint of a suspect.  It should be noted that this method is as useful for proving the innocence of a suspect as it is for convicting criminals.  

FIREARMS

Gunshot Residues:

On firing a gun, the explosives that propel the bullet cause a cloud of smoke to erupt from the barrel, leaving a residue of chemicals on the hands of the person holding the gun.  Analysis of these residues can give us information about the type of gun that was fired and roughly when it was fired.  

Well-known explosives used in ammunition and the making of terrorist bombs:

Glycerol + nitric acid = nitroglycerin (“NITRO”)

Benzene

Toluene + nitric acid = trinitrotoluene (“TNT”)

Cyclotrimethylenetrinitramine (RDX)

Pentaerythritol nitrate (PETN)

All of the above compounds are rich in carbon, nitrogen and hydrogen and release large volumes of gas at high pressure when they are burned.  As these gases build-up, the pressure inside the gun increases rapidly, forcing the bullet out.  The resulting residue is a mixture of by-products from the combustion of the detonator, the initial propellant and metal vapours from the bullet itself.  

Generally, the bullet is slightly larger than the barrel of the gun.  As the bullet is propelled from the gun, grooves on the inside of the barrel cut into the bullet.  This is what gives bullets their spin and stabilises their flight.  Amazingly, a bullet can travel at more than twice the speed of sound and spin at a rate of 4000 revolutions per minute.  As a result, it is quite possible to be shot and killed by a bullet, without even hearing the gun go off!

One way of analysing the chemicals deposited by gunfire is to make a mould of the hand using paraffin wax to form a thin ‘glove’.  This wax can then be examined by bombarding it with neutrons.  This can detect the presence of metals such as mercury, lead, antimony and barium, all of which are common components of gunshot residue.  

Sticky tape can also be used to remove tiny specks of residue and these can then be analysed using back scattered electron imaging (BEI) and secondary electron imaging (SEI).  

One very important method that is also used in many other fields of forensic science is known as atomic absorption (AA).  The basis of this is that different elements absorb and emit light at different wavelengths; for example, sodium absorbs and emits light with a wavelength of 589 nanometres.  When a sample of the element is held over a flame, light of this characteristic wavelength, and therefore colour, is emitted, which can often be used to identify that particular element.  In order to analyse a mixture of elements, such as those found in gunshot residues, a solution of the mixture is vaporised by a flame, through which is shone light thought to be characteristic of an element in the mixture.  If there is any of this element present, it will absorb the light, leaving dark lines in the absorption spectrum.  

PICTURE (Absorption spectra/equipment)
Chromatography can be used to identify elements of lower atomic mass, such as hydrogen, carbon, nitrogen and oxygen, which are not identifiable using the atomic absorption method, but are abundant in typical propellants.  This technique relies on the fact that molecules of different masses will travel at different speeds.  In gas chromatography, a vaporised sample is passed through a powder packed column with the aid of an inert gas known as a ‘carrier’ gas.  The time taken for the various components of the sample to reach a detector is measured.  The resulting spectrum can be compared with that of known propellants and the company that provided the explosive can be traced.  Liquid chromatography follows the same principles, but a liquid is used as the carrier instead of a gas.  This method can be used to identify certain additives that are often present in small amounts and the company that produced the explosives can then be traced.  In order to carry out liquid chromatography of a sample, the suspect’s hand is first swabbed with acetone to remove fine particles.  It has been shown that even if the swab is not taken for up to three hours after the gun is fired, residues can still be detected.  

Amount of nitroglycerine found on the skin at various times after firing

	Sample
	Swabbing time after firing
	Visible flakes?
	Amount of nitoglycerine detected/μg

	1
	0 min
	Yes
	16.9

	2
	0 min
	Yes
	9.0

	3
	0 min
	Yes
	3.7

	4
	34 min
	Yes
	11.7

	5
	34 min
	No
	1.0

	6
	55 min
	No
	0.8

	7
	59 min
	No
	0.77


BODY ARMOUR

Unfortunately, police officers are now regularly faced with the threat of gunfire, therefore it is very important that they take the appropriate steps to minimise the damage sustained.  Bulletproof vests are now worn daily by many of the officers, ad even the dogs, who patrol our streets.  In 1935, the Dupont Corporation invented nylon, which was subsequently used to protect bomber pilots in the Second World War.  In 1965 the same company created Kevlar, a related polymer intended for use in the manufacture of car tyres.  Kevlar has 2.5 times the tensile strength of nylon, and is therefore very suitable for the production of lightweight body protection.  

PICTURE (Kevlar and nylon)
The effectiveness of a material as body armour depends on the rate at which it can disperse the energy when a bullet hits it.  This property is related to the rate at which sound travels in that material.  Sound travels three times faster in Kevlar than it does in nylon, and therefore Kevlar will be much more effective than nylon at dispersing the energy on impact.  Bullets made from lead are relatively soft and will deform on collision with Kevlar, thus reducing the chance that the bullet will penetrate the vest.  While this prevents the bullet entering the body of the wearer, there is often significant bruising, as the energy cannot be dissipated effectively enough to prevent this.  

It has been shown by electron microscopy that the effectiveness of Kevlar is due to the ability of the fibres to stretch on impact, thus absorbing energy before snapping.  Nylon is less effective because the fibres simply melt when hit by a bullet.  

Teflon is a polymer commonly used as the non-stick coating on many frying pans and also in easy-iron shirts due to its lubrication properties.  Teflon coated bullets penetrate the body very easily and their manufacture is banned in many western countries.  

An even stronger material is being developed that may be up to three times as strong as Kevlar, and it comes from what may seem a rather surprising host, the spider.  The silk that spiders use to spin their webs and to catch prey is extremely strong and lightweight so would be ideal for use in the manufacture of body armour.  Scientists are currently working on creating synthetic silk from spiders known as golden orb weavers which originate from Panama and are thought to produce seven different types of silk from various glands.  The fibres in Kevlar can be stretched by up to 4% before breaking, whereas the spider silk can stretch by as much as 15%, and would be far more efficient at dissipating the energy.  

PICTURE (spiders, spiderman etc…)







