
 

 

Research Task: Forensic Chemistry 
 

1. Prepare a case study of a recent example of a forensic investigation.  

 

Your case study must use an example where progress in analytical chemistry or changes 

in technology has altered the outcome of the investigation. 

 

Discuss how the outcome of the investigation changed as a result of this new 

methodology or technology. [8 marks] 

 

The advancements in technology and analytical chemistry have the ability to alter the outcomes 

of forensic investigations. This is most prominently seen in the Azaria Chamberlain case which 

initiated in 1980 and officially came to a close in 2012. On August 17, 1980, Azaria 

Chamberlain, a 9 week old baby, was claimed to be taken by a dingo. This claim was made by 

her mother, Lindy Chamberlain, who asserts that Azaria had been taken from their family tent at 

Ayers Rock (currently known as Uluru) by the wild animal. Inspection of the Chamberlain’s car 

located a stain on the front passenger seat. Forensic tests were performed on the stain, where it 

was identified to be positive for human blood. A forensic report at the time claimed it to contain 

foetal haemoglobin, a substance present in infants of up to six months of age. Here, the 

Chamberlains claimed that the blood stain must have been from an injured person whom they 

had previously helped. Subsequently, as the evidence said otherwise, Lindy Chamberlain was 

convicted of the murder of Azaria Chamberlain and sentenced to life imprisonment in 1982. 

Michael Chamberlain, her husband and Azaria’s father, was given a suspended sentence for 

being an accessory to the alleged murder.  

 

However, over six years later, it was discovered that the tests performed on the sample by the 

forensic scientist were only presumptive tests and further positive identification was not 

conducted. It was realised that the initial tests used were unreliable such that other organic 

compounds that could have been present in the outback dust, would also produce a positive 

result for foetal haemoglobin. At this time, DNA testing was not available and no samples were 

kept. The chemical principle of analytical chemistry was therefore, severely lacking in reliability 

at the time, as attributed by the false results being obtained. Furthermore, the false tests may 

have been attributed to the fact that the sample tested may have been contaminated by dust. 

The sample’s contaminated collection, lack of storage and false analysis led to the results being 

inaccurate and therefore, unreliable. Ultimately, this forensic case highlights the lack of reliable 

technology at the time, where it essentially led to the false conviction of an innocent person.  

 

With the ever-advancing technology that became available, the samples from the case were 

able to be stored and preserved. One technological advancement that impacted this case 

significantly was the use of DNA fingerprinting coupled with the maintenance of DNA data 

banks. This technology works by using the non-coding regions of DNA to uniquely genetically 

identify an individual. This is particularly effective as the chances of another individual having 

exactly the same sequences is extremely small. The advent of DNA fingerprinting brought with it 



 

 

the ability to positively identify if the sample was blood as well as the individual to whom the 

sample had originated from. By this time, DNA data banks had been formed and maintained. 

The DNA fingerprint obtained from the sample was then put against those of others in the data 

banks. It was revealed that the source of the bloodstain was an adult where the so-called foetal 

blood was actually adult blood with rust. This new and more correct analysis of the sample 

along with the finding of the baby’s jacket around the family’s campsite provided evidence for 

Lindy Chamberlain’s claim on the situation - that she had not murdered her daughter. Shortly 

thereafter, Lindy Chamberlain was released after serving three years in jail. In turn, the outcome 

of the investigation had been changed such that Lindy Chamberlain was released and declared 

innocent. The impact that DNA fingerprinting and DNA data banks had on the investigation 

stretches further than a simple alteration of the outcome, but it allowed the couple to obtain 

justice for their actions and status within the community. This change in resolution was finally 

solidified in 2012 where a certificate had been drawn up in the Northern Territory Registry of 

Births, Deaths and Marriages certifying that Azaria had died as a result of a dingo attack. 

Therefore, it can be seen that the advent of DNA fingerprinting and DNA data banks had a 

monumental impact on the outcome of the investigation, as there was an alteration in the final 

verdict.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

2. Explain what is meant by destructive testing of material. Explain why this may be a 

problem in forensic investigation. [4 marks] 

 

Destructive testing refers to the chemical testing of a material that results in a permanent 

change or the destruction of the material. It usually involves heating, burning or reacting 

material with acids or other chemical solutions. These reactions are otherwise known as 

irreversible consumptions of the testing material. An example of destructive testing is the Marsh 

test which was developed in the early nineteenth century to detect arsenic in forensic samples. 

The test involved the destruction of the sample by reacting it with zinc and hydrochloric acid. 

This produces arsine (AsH3), a poisonous gas, which can be decomposed by heating to 

produce a silvery black deposit of arsenic. Destructive testing is problematic in forensic 

investigation as when a forensic specimen is analysed by such means, it can no longer be used 

for future evidence. As technology is ever-evolving, it is common practice by police and forensic 

scientists to revisit cold cases and their evidence. This is especially an issue if limited amount of 

material is available, as there may be none left for analysis when new technologies are 

developed. Essentially, as material cannot be repeatedly tested if required, destructive testing 

holds negative implications for forensic investigation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

3. Discuss ethical issues associated with the maintenance of DNA data banks. [5 marks] 

 

DNA data banks are collections of DNA profiles (fingerprints) with which law enforcement 

authorities can compare samples collected from crime scenes. The ethical issues associated 

with the maintenance of DNA data banks will be weighed against each other in the following 

table: 

Negating issues Benefits 

● Invasion of privacy 
DNA is characteristic to any one individual 
and acts as a tool for identification. If the 
individual does not give consent, the 
maintenance of the data bank is in breach of 
privacy.  
 

● Possibility for genetic discrimination 
DNA can provide information about inherited 
genetic diseases, paternity and possible 
future susceptibility to various health 
problems. Life insurers, medical insurers and 
employers could abuse DNA profile 
information in a discriminatory way. This is 
the argument of civil liberties groups who fear 
that DNA information could be used to select 
employees and to deny insurance to people 
whose DNA may show they represent a 
higher risk to certain diseases and health 
problems due to the existence of mutations in 
their genes. In Australia, however, the system 
only uses intron data and does not record 
information on the genetic details of a person. 
 

● Possibility of tampering 
DNA evidence is commonly mistaken as 
infallible evidence, however, it can be easily 
contaminated or tampered with. Hence, 
innocent people can be wrongfully convicted 
based on a DNA sample.  

● Can be used as evidence in court 
cases 

DNA data banks firstly allow for the identity of 
the perpetrator to be determined to then also 
prove whether a suspect was incorrectly 
suspected and therefore, innocent.  
 

● Accurate results 
DNA contains very sensitive and accurate 
information to allow for the very precise 
identification of individuals (1 in 6 
million).They can definitively prove somebody 
innocent or guilty of a crime.  
 

● Fast identification 
DNA collected at crime scenes can be quickly 
compared with the national data bank to allow 
for fast identification of individuals. They can 
rapidly solve crimes including cold cases 
dating back to the period before DNA profiling 
was developed.  

 

Overall, it is imperative for the maintenance of a DNA database to involve a balance between 

the rights of the individual and national interests. In this way, as we all have the right to live in a 

society free from crime, the maintenance of a DNA database will be more beneficial rather than 

detrimental as it can be a valuable tool in the fight against crime, while also saving time and 

money. 

 

 

 



 

 

4. Outline how a mass spectrometer operates and clarify its use for forensic chemists. 

Include a diagram. [6 marks] 

 

Mass Spectrometry is a form of analysis that separates and identifies substances on the basis 

of the masses of positive ions formed by the substances when they are bombarded by high-

energy particles (electrons) in high vacuum. It is often used in conjunction with gas 

chromatography, which separates the components of the sample mixture and makes the 

qualitative analysis of identifying particular compounds within the sample significantly simplified. 

 
In a mass spectrometer, the following happens: 

Ionisation 

A sample that consists of an organic molecule is vaporised and passed into an ionisation 

chamber where the particles are bombarded with high-energy electrons from a heated filament. 

One or more electrons are knocked out of the neutral atom to form positive ions with a charge of 

+1. It is vital that this process occurs in a low pressure vacuum, as molecular ions and their 

fragments are very unstable  

 

Acceleration 

The resulting negatively charged ions are discarded, and the positive ions that are formed are 

then passed through an electric field where they are accelerated to high speeds. The electric 

field is established between charged plates with a vast potential difference. The acceleration 

also occurs in a highly evacuated space to prevent collisions with air molecules as the ions are 

very unstable. The result is that all ions, despite their masses, now move at the same speed, as 

they leave the accelerator.  

 

Deflection 



 

 

The ions then pass through a perpendicular magnetic field. This causes the ions to move in 

curved paths, in which the radius of each arc is determined by the mass to charge ratio of each 

ion. This process leads to the separation of ions into their corresponding beams. 

 

Detection 

The result is that ions of different mass to charge ratios are detected in turn as their magnetic 

field strength is varied. As each ion beam strikes the metallic ion collector, a current is 

produced. This current is then amplified, measured and recorded.  

 

Analysis 

Since, the detector measures the degree of deflection of each ion, the mass to charge ratio can 

be calculated. The masses of the ions can be calculated where the intensity of the reading 

determines the abundance of the ions that had struck the collector. The values of mass to 

charge ratio of each ion are then recorded as a mass spectrum. The spectrum usually show 

several peaks which correspond to the fragments of large molecules into ions of different 

masses formed by the initial bombardment of electrons. In this way, fragmentation patterns are 

often unique and can be used to identify the original molecule in the compound.  

 

Mass Spectrometry provides forensic chemists with a powerful and accurate method of 

detecting a wide range of organic molecules in compounds. This technique is highly accurate 

and requires only a small amount for analysis. Often, forensic chemists use computers to match 

unknowns with standards if spectras are stored electronically. This allows them to quickly 

identify objects or residues left at crime scenes to allow the forensic investigation to move 

forward.  

 

As well, the combined application of gas chromatography and mass spectrometry mentioned 

earlier can give forensic chemists a GC-MS ‘fingerprint’ which allows a sample to be analysed 

and compared to reference samples for definitive identification. For example, GS-MS may be 

used to detect the source of an oil spill. The GS-MS fingerprints of crude oil from different 

sources would be compared with those stored in the computer library to identify its source, and 

hence the ship responsible for the spill. In this way, the integration of mass spectrometry may 

improve the results of forensic investigations by supplying forensic chemists with a quick and 

accurate identification technique.  

 

 

 

 

 

 

 

 

 

 

 



 

 

Bibliography: 

● Tran, Mi. “Topic : Forensic Chemistry.” AceHSC Online, 2 Feb. 2017, 

www.acehsconline.net/topic-forensic-chemistry/. 

● Ben. “ Discuss, Using a Recent Example, How Progress in Analytical Chemistry and 

Changes i.” Bored of Studies, Jelsoft Enterprises, 2006, 

http://community.boredofstudies.org/262/elective-forensic-

chemistry/115721/%EF%82%9F-discuss-using-recent-example-how-progress-analytical-

chemistry-changes-i.html  

● Brown, Darwin Malcolm. “The Final Verdict: Azaria Killed by a Dingo.” The Sydney 

Morning Herald, The Sydney Morning Herald, 12 June 2012, 

www.smh.com.au/national/the-final-verdict-azaria-killed-by-a-dingo-20120612-

208bv.html.  

● Fife-Yeoman, Janet, director. Lindy Chamberlain Files. The Daily Telegraph, 11 Aug. 

2010, www.youtube.com/watch?v=W70DK7hHu0Q&feature=related.  

● Jury Notes from Chamberlain Case Spark Debate. Performance by Phoebe Stewart, 

ABC News (Australia), 9 Aug. 2010, 

www.youtube.com/watch?v=tdWQdOYBaRM&NR=1.  

● Azza. “Azaria Chamberlain Case.” Bored of Studies, Jelsoft Enterprises, 2005, 

http://community.boredofstudies.org/262/elective-forensic-chemistry/79367/help-

urgent.html  

● Thickett, Geoffrey. “Sensitive Analytical Techniques.” Jacaranda HSC Science, 2nd ed., 

John Wiley & Some Australia, 2006, pp. 619–620. 

● Irwin, Debbie, et al. “Analysis of Material” & “Tools of a Forensic Chemist.” Chemistry 

Contexts, 2nd ed., Pearson Education Australia, 2006, pp. 441, 443, 449, 450, 460. 

● “Forensic Chemistry.” Scribd, Scribd, 2017, www.scribd.com/doc/7727247/Forensic-

Chemistry.  

● 2015 HSC Chemistry Marking Guidelines. BOSTES, 2015, p. 43, 2015 HSC Chemistry 

Marking Guidelines. 

● “Is It Ethical to Have a National DNA Database?” Debates, The Public Engagement 

Team at the Wellcome Genome Campus, 19 Jan. 2015, 

www.yourgenome.org/debates/is-it-ethical-to-have-a-national-dna-database.  

● 2008 HSC Chemistry Marking Guidelines. BOSTES, 2008, p. 53, 2008 HSC Chemistry 

Marking Guidelines. 

● 2014 HSC Chemistry Marking Guidelines. BOSTES, 2014, p. 36, 2014 HSC Chemistry 

Marking Guidelines. 

 

http://www.acehsconline.net/topic-forensic-chemistry/
http://community.boredofstudies.org/262/elective-forensic-chemistry/115721/%EF%82%9F-discuss-using-recent-example-how-progress-analytical-chemistry-changes-i.html
http://community.boredofstudies.org/262/elective-forensic-chemistry/115721/%EF%82%9F-discuss-using-recent-example-how-progress-analytical-chemistry-changes-i.html
http://community.boredofstudies.org/262/elective-forensic-chemistry/115721/%EF%82%9F-discuss-using-recent-example-how-progress-analytical-chemistry-changes-i.html
http://www.smh.com.au/national/the-final-verdict-azaria-killed-by-a-dingo-20120612-208bv.html
http://www.smh.com.au/national/the-final-verdict-azaria-killed-by-a-dingo-20120612-208bv.html
http://www.youtube.com/watch?v=W70DK7hHu0Q&feature=related
http://www.youtube.com/watch?v=tdWQdOYBaRM&NR=1
http://community.boredofstudies.org/262/elective-forensic-chemistry/79367/help-urgent.html
http://community.boredofstudies.org/262/elective-forensic-chemistry/79367/help-urgent.html
http://www.scribd.com/doc/7727247/Forensic-Chemistry
http://www.scribd.com/doc/7727247/Forensic-Chemistry
http://www.yourgenome.org/debates/is-it-ethical-to-have-a-national-dna-database

