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INTRODUCTION
Forensic science is widely featured in TV dramas, 

documentaries and newspaper articles. Many 

people, though, have a distorted view of forensic 

science, and may imagine that forensic scientists 

can quickly draw unambiguous conclusions that 

can lead to a suspect being caught. Often there 

are misunderstandings about how science can be 

used in this area, and the amount of time it takes 

for forensic techniques to be completed.

Although forensic science can be traced back to 

the 6th century in China, it was not until the 18th 

century that it included non-medical scientific 

evidence. Advances in technology and in scientific 

knowledge have both contributed to developing 

the field of forensic science. Even today, the 

scientific community is constantly changing 

protocols and developing new techniques to 

make the tests more accurate and to improve the 

quality of the conclusions drawn from evidence.

This booklet introduces a range of qualitative and 

quantitative techniques that can be used in forensic 

chemistry to find out the composition of samples, 

and there is a particular emphasis on how microscale 

techniques can be used in the school laboratory. The 

selection of activities has a clear link to the ‘How 

Science Works’ curriculum with student practical work, 

teacher demonstrations and student research activities 

drawing on secondary sources of information.

The activities are intended for KS4 students, but 

could also be adapted for KS3. The practical resources 

needed are mostly those commonly available in 

schools; other low-cost resources to support the 

activities are available for purchase from Middlesex 

University Teaching Resources (MUTR).
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CURRICULUM LINKS

GCSE specification Sections particularly related to forensic chemistry

AQA GCSE Chemistry Perform simple calculations from the results of a titration. (C3.13.2)
Flame tests and precipitation reactions can be used to identify metal ions. 
Halide ions can be identified by precipitation with silver nitrate. Students should 
interpret results of the chemical tests in this specification. 
Students should evaluate the advantages and disadvantages of instrumental 
methods of analysis and the features that influenced that development. 
(C3.13.5)

AQA Applied Science Students should carry out qualitative tests. Carry out a titration. They should 
draw appropriate conclusions from their results. (12.4)

AQA Additional Applied Science Describe a suitable technique to reveal, lift and store a fingerprint. Describe 
how to use flame tests and precipitation reactions to detect the presence of 
metal ions. Describe the test for ethanol using acidified potassium dichromate 
solution. Describe how to complete electrophoresis, thin-layer and paper 
chromatography to identify substances present in the mixture. Draw conclusions 
from blood tests. (11.3)

Edexcel GCSE Science Use given analytical data to identify substances found at a crime scene based 
on substances covered in this topic area. (C1 a 5.1 and 5.2) 

Edexcel GCSE Chemistry Why substances need to be identified and their purity determined. C3 3.3
Analysis may be quantitative or qualitative. (C3 3.4)
Ionic substances are identified by each type of ion they contain. (C3 3.5)
Why the test for each ion must be unique. (C3 3.6)
Precipitation reactions for the basis of some tests. (C3 3.7, 3.8 and 3.9)
Perform simple calculations from the results of a titration. (C3 20 and 22)

OCR 21st Century Science 

Chemistry A

Recall that some elements emit distinctive flame colours. (C4.2.6)
Analytical procedures. (C7.4 1 – 4.4)
Chromatography. (C7.4 5 – 4.15)
Quantitative titration. (C7.4 16 – 4.24)

OCR Gateway Science  

Chemistry B

Interpret data from flame tests and precipitation reactions. (C3d and C5h)
State that silver nitrate solution is used to test for halide ions. (C4h)
Perform simple calculations involving concentration, number of moles and 
volume of solution. (C5a and C5d)

OCR Applied Science  

Double Award

Use chromatography, flame tests and precipitation reactions and draw 
conclusions from your results. Detect alcohol with acidified potassium 
dichromate; draw conclusions from your results. Carry out a titration.

WJEC GCSE Science and

WJEC GCSE Chemistry

Be able to use flame tests and silver nitrate solution to distinguish between 
sodium chloride, sodium iodide, potassium chloride and potassium iodide.  
(C1 1j)

WJEC GCSE Chemistry Use chemical tests in problem solving situations where they plan and carry out 
procedures to identify given substances. (C3 5a, b)

The following table shows the main relevant sections for each of the current GCSE science specifications.
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FORENSIC CHEMISTRY IN THE CLASSROOM: IDEAS 
AND SUGGESTIONS

Forensic analysts apply scientific techniques in order to arrive at impartial 
conclusions which can be used in a court. Non-scientists are often used to carefully 
collect microscopic samples from a crime scene which are then analysed in a 
specialised laboratory. Forensic scientists are mainly laboratory-based, except if there 
is a very important crime scene when they would be deployed within their field of 
specialism to collect evidence. They may be called to court as an expert witness to 
explain the scientific evidence that has been collected and how their analysis can 
support a sequence of events. 

As science and technology develop, the field of forensic science has moved on and 
it has come to light that some forensic evidence used in the past has supported 
incorrect conclusions. This has lead to custodial sentences being quashed, and the 
forensic techniques involved being reviewed and amended. For this reason, the field 
of forensic science is a reflective one, with the constant development and evaluation 
of protocols to ensure that the evidence is as sensitive and accurate as possible.

This section gives an ‘illustrated overview’ of how practical work on forensic 
chemistry can be undertaken in the classroom. In the margin, references are given 
to student activities – these resources and the accompanying teachers’ notes can be 
found later in the booklet.

WHAT IS FORENSIC CHEMISTRY?

Evidence comes in lots 
of different forms to the 
forensic chemist. 

The field of forensic chemistry involves the application of chemical principles and 
practical chemical techniques to physical samples taken from a crime scene or a 
suspect. As well as needing to be scientifically correct, this analytical work must also 
meet the needs of the law and of the legal community.

Evidence and comparison samples at a crime scene are collected by a Scenes 
of Crime Officer (SOCO). Before any evidence is removed the whole area is 
recorded. In the past this was done by sketching, but now more commonly digital 
photographs are used. SOCOs are often police officers who have undergone 
specialist training on evidence collection. 
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As well as collecting evidence, a SOCO may use some chemical tests, known as 
presumptive tests, to suggest the presence of substances like blood and drugs 
at a crime scene. Full analysis is not done at a crime scene as the equipment is 
not available and there is a high risk of contamination. Presumptive tests reduce 
the workload of the forensic team as it quickly and cheaply helps to identify the 
evidence that needs to be collected.

The evidence is then transported to the forensic science laboratory for further 
analysis. Each physical sample that is collected either from the crime scene or 
from a suspect will have a chain of custody document with it. It is important that 
everybody who comes in to contact with the evidence signs this document so 
that the collection, transport and analysis of every sample can be tracked. This 
makes tampering of the evidence more difficult and improves the strength of the 
evidence in court.

The forensic chemist undertakes a lot of analytical, quantitative work often using 
instrumental techniques. Much of the analysis is performed in a sterile laboratory 
to reduce the chance of contamination. Forensic chemists should always reflect 
on their protocols and critically assess their work to ensure that their results and 
subsequent conclusions are accurate and valid. 

There are two groups of techniques:

•	 Destructive: the sample is damaged during the process for example, mass 
spectrometry.

•	 Non-destructive: the sample is undamaged, for example, microscopy. 

Non-destructive methods are preferred as the evidence can then be preserved. 
This leaves open the possibility that new techniques could be used in the future so 
that old or ‘cold’ cases can be re-opened and maybe solved.

For each case there will be a Reporting Officer who interprets all of the results 
– these results would usually have been examined and analysed by another 
colleague. Within each specialism there will be a number of assistants, working 
together as a team. Up to a quarter of an assistant’s time can be spent cleaning 
and in preparing the consumables used for analysis, the remainder roughly split 
between using instruments and examining evidence. The Reporting Officer is 
responsible for attending court as an expert witness.

Using digital photography 
to record a crime scene 
(left), and a forensic 
chemist using microscopy 
to analyse a sample of 
evidence back in the 
laboratory (right).
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When anyone goes anywhere they leave traces of themselves behind: a fingerprint 
on a door handle, a stray hair, a fibre from their clothes. The sizes of the samples 
needed for analysis have significantly reduced as technology advances and 
forensic techniques have developed. The samples of evidence collected at a crime 
scene may be very small and therefore difficult to analyse using standard chemical 
techniques. Forensic science is driving the development of microscale techniques 
that are able to analyse these tiny samples.

In a school setting, conventional test tube reactions and other standard chemistry 
techniques can be carried out on a smaller scale. This allows a reduced quantity 
of reagents to be used with a cost and safety benefit, as well as being ‘greener’. 
Often, microscale techniques are quicker than the traditional means, but require 
dexterity and close attention to detail to achieve an accurate set of results. These 
adapted techniques allow some tests to be performed in an open laboratory, 
which might be unsafe to do using traditional techniques. Note, however, that 
despite the benefits of these microscale techniques, some examination awarding 
bodies may require descriptions of traditional practical techniques and not 
recognise microscale approaches.

At a crime scene the amount of material present can be overwhelming. It is 
important that field officers can refine their evidence collection and target 
resources efficiently, and presumptive tests may be used to generate preliminary 
findings and to select which aspects of the crime scene are worth sampling. These 
tests are qualitative, and allow areas to be isolated and larger samples taken to 
undergo quantitative analysis with expensive laboratory-based equipment.

Instrumental techniques 
like gas chromatography 
are examples of microscale 
techniques.

MICROSCALE TECHNIQUES

TESTING FOR METAL IONS
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Metal ions in a flame emit 
light with characteristic 
frequencies (left). Atomic 
absorption spectroscopy 
can determine metal 
ion concentrations by 
measuring the absorption 
of particular frequencies 
of light (right).

For example, water pollution can cause a number of short-term and long-term 
problems. Animals in a watercourse could be killed or could develop abnormalities, 
and there may be a direct economic impact by making produce from contaminated 
farming land too dangerous for human consumption. Water pollution could be, 
for example, a one-off event from a recent problem at a metal purification plant, 
or a systematic failure at the plant leading to long-term pollution. In the case of 
metal ion pollution, presumptive tests such as precipitation reactions can help 
Environmental Health Officers to determine the likely pollutant.

When certain metal ions are put into a flame they produce a characteristic colour, 
and this can be used to determine the metal present. Some metals produce a very 
subtle flame colour, such as the lilac from lithium, and even the smallest amount 
of contamination of other metal ions can make this colour difficult to spot. 
Some metals produce a very similar colour to each other, for example, calcium is 
described as brick red and lithium is described as crimson, but they both appear 
as a similar red colour in the flame, making it difficult to distinguish between 
them by eye. 

Atomic emission spectroscopy is an instrumental technique that uses the 
characteristic frequencies of light emitted by an excited metal ion to identify the 
metal, and the intensity of the emitted light can be used to determine the amount 
of the metal present. Atomic absorption spectroscopy is a related technique, which 
can analyse the amount of a metal in a sample by determining how much light of 
a particular frequency is absorbed by a sample.

Classroom activities
Students can be given labelled samples of transition metal compounds in sealed 
transparent containers, and be asked to group by colours, reflecting what the 
compounds have in common. They should see that the colour is determined by 
the type of metal ion. As an extension, they could be given compounds containing 
ions of the same metal but in different oxidation states, to see that the colours are 
dependent not just on the metal but on the oxidation state too.

A traditional way of carrying out a flame test is to use a platinum or nichrome 
metal loop attached to a glass rod. This is dipped into the metal salt to be 
tested and then put into a blue Bunsen flame to observe the characteristic flame 
colour. For a more dramatic effect (and only to be undertaken as a teacher 
demonstration), a solution of a metal compound in ethanol can be put into a spray 
bottle, and sprayed into the blue Bunsen flame. This produces an impressive cloud 
of the coloured flame (as shown in the earlier photograph). Suitable metal ions to 
demonstrate include lithium, sodium, potassium, barium, strontium and copper.

See Activity A1
Flame tests (page 30)
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For students, a simple and convenient method for flame tests is to use wooden 
splints that have been soaked in the testing solutions overnight – the soaked end 
of the splint can be held in the Bunsen flame. To observe the spectrum produced 
by each metal, a simple spectroscope can be used. This enables students to see 
the different frequencies emitted by each metal ion, and illustrates the principles 
of atomic emission spectroscopy. Many schools have discharge tubes for the 
different metals, and the spectrum produced by the flame colour could be 
compared with that from the discharge tubes. Each metal has a unique spectrum, 
and by comparing the spectrum of an element with known spectra, the element 
can be identified.

When given an unknown chemical to test, it can be difficult to differentiate 
between some metals using a flame test alone. Adding sodium hydroxide and 
observing the colour of the precipitate can help to distinguish between these 
metals. A traditional method is to put about 1 cm3 of the metal solution into a 
test tube and then adding 2 cm3 of dilute sodium hydroxide solution. After noting 
the colour of the precipitate, a further volume of dilute sodium hydroxide solution 
is then added to see if the precipitate re-dissolves in excess sodium hydroxide.

A microscale technique can be used for the sodium hydroxide precipitation test. 
Instead of using test tubes, the reactions are carried out by putting drops of the 
reagents onto a plastic pocket, inside which is a sheet of paper with boxes drawn 
on it to indicate where to carry out the tests. Only two drops of dilute sodium 
hydroxide solution and two drops of the metal solution to be tested are needed 
per test. This protocol reduces the risks associated with the chemicals as well as the 
technician time required to prepare and dispose of the chemicals.

A convenient way of 
carrying out a flame test 
is to use a splint soaked 
in the metal ion solution 
(left). The frequencies 
of the light emitted can 
be observed by using 
a simple spectroscope 
(right).

The sodium hydroxide 
precipitate test can be 
achieved using much 
smaller quantities with 
microscale chemistry 
techniques.

See Activity A2
Detecting metal ions  
(page 31)
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Forensic science techniques may be used by Trading Standards to confirm that 
people are purchasing what they believe to be buying. Some retailers obtain 
their supplies of food, cosmetics and pharmaceuticals on what is known as ‘the 
grey market’, in which goods are imported into this country by an unofficial or 
unauthorised distribution channel. A few random samples of a shipment may 
be taken by custom officers at a port and presumptive tests made. If the results 
obtained are unexpected, a larger sample could be taken for a more thoroughly 
assessment at a laboratory, while the shipment is held until the analysis is 
completed. A traditional method of analysing the amount of certain substances in a 
material it to carry out a titration, and this is a familiar procedure in school science. 

Titrations are routinely completed in the quality control laboratories found in 
manufacturing industries and chemical plants. This type of analysis is a time-
consuming activity, and laboratory technicians are tasked with doing many tens 
or hundreds a day. This task is quite repetitive and results can vary in accuracy due 
to the inattention of the operator. Titrations are rarely done in forensic science 
laboratories any more, and the analytic process is often replaced with colorimetry 
which can easily be mechanised. 

If a sample is biological, it is usually sent to a hospital pathology laboratory which 
on average handles 10,000 analytical tests within a 24-hour period. The samples 
are analysed with a machine that performs chemical reactions involving a colour 
change that can be followed by colorimetry; previously different reagents and a 
titration would have been used. Within hours the data is sent electronically to all 
interested parties. This investment in multimillion pound machines is made possible 
due to economies of scale – there are very large numbers of mostly small samples 
that are taken for forensic analysis.

CHEMICAL ANALYSIS AND NON-METAL IONS

Classroom activities
The principles of carrying out presumptive tests (qualitative) followed by titrations 
(quantitative) can be illustrated by the detection and analysis of solutions containing 
halide ions. This could be set in the context, for example, of an investigation into 
the pollution of a river by the excessive discharge of chloride ions into the water.

A machine capable 
of microanalysis of 
thousands of biological 
samples, 24 hours a day.
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Microburette being made 
from a dropping pipette, 
syringe, tubing and 
graduated pipette (top left 
and bottom left), and set 
up ready for use (right).

See Activity A3
Testing for halide ions 
(page 32)

The silver nitrate test can be adapted to determine quantitatively the concentration 
of chloride ions in a solution. A known concentration of silver nitrate solution is 
titrated against a known volume of the chloride ion solution, using potassium 
chromate solution as an indicator. As with the qualitative tests, the titration can also 
be carried out on a microscale: a small graduated pipette is used as a ‘microburette’ 
with a syringe attached to draw up the solution into the microburette and then 
deliver it into a small beaker.

Microscale techniques 
can be used to determine 
which halide is present. 

When acidified silver nitrate solution is added to a solution containing halide ions, a 
silver halide precipitate is formed. Each halide precipitate has a characteristic colour 
from which the halide ion can be identified: chloride (white), bromide (cream), 
iodide (yellow) (fluoride ions do not form a precipitate). Note that the silver nitrate 
solution is acidified with nitric acid in order to remove ions such as carbonate or 

hydroxide that may give a confusing 
precipitate, and that the colours of 
the silver halide precipitates should be 
noted promptly since they undergo a 
photochemical reaction turning purple/
grey. Students traditionally carry these 
reactions out on a test tube scale, 
but like the reactions described in the 
previous section, these too can be 
carried out on a microscale.

Initially, the silver nitrate solution reacts with the chloride ion solution to form a 
white precipitate of silver chloride. After all chloride ions have been precipitated as 
silver chloride, there will be an excess of silver ions. These react with the chromate 
ions to form a red precipitate of silver chromate indicating the end point.
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The end point is reached 
when the red precipitate 
which forms does not 
disappear.

As the volumes of the solutions are much smaller in a microtitration compared 
to a normal scale titration, the relative measurement uncertainties are larger. 
As an extension, students could be asked to complete a full-scale titration 
in addition to a microtitration and encouraged to critically consider the two 
techniques and the differences in accuracy.

Chemical residues left at crime scenes are often mixtures. The different chemicals 
in a mixture must be separated before they can be identified. One of the oldest 
techniques for identifying a pure chemical is by finding its melting and boiling point. 
The term ‘pure’ in chemistry has a specific scientific meaning – a pure chemical 
contains only one element or compound, and is known as a substance. A pure 
chemical, or substance, has a distinct melting point and a distinct boiling point 
at a given pressure. Lists of this information for many thousands of substances 
can be found in books of data or databases, from which the identity of unknown 
substances may be determined.

A simple melting point apparatus can be used in which a small sample is heated 
and observed under a microscope to determine the temperature at which it melts. 
In industry, a calorimetric technique is used (differential scanning calorimetry); 
this can determine both the enthalpy change and the temperature at which a 
transition, such as melting, occurs. To determine the purity of samples, traditional 
melting point determinations have been largely been replaced by more sensitive 
instrumental techniques such as gas chromatography and infrared spectroscopy 
(see next section ‘Instrumental analysis’).

Classroom activities
Students can experimentally determine the melting point of an ‘unknown’ 
substance. A suitable substance is cyclohexane, which has a melting point of 7 °C; 
this means it is a liquid at room temperature but can solidify in a domestic fridge. 
Students can use an ice bath to cool the sample, noting the temperature at which 
it freezes, and then a warm water bath to gently raise the temperature, noting the 
temperature at which the sample melts. In principle, these two temperatures should 
be the same (though in practice, because of experimental uncertainties they are 

See Activity A4
Chemical purity (page 34)

IDENTIFYING A PURE CHEMICAL
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Instruments are increasingly 
used to automate 
traditional analytical 
techniques (left), and 
spectroscopic techniques, 
such as mass spectrometry, 
extend traditional 
approaches (right). 

INSTRUMENTAL ANALYSIS

Analytical chemistry is constantly changing as new machines and computer 
technology develop. Initially, instrumental techniques complemented traditional 
‘wet chemistry’ protocols; however as instruments became more accurate and 
were used more frequently, they began to replace previously used analytical 
chemistry methods.

Instrumental analysis techniques that can be used in forensic work include:

•	 Chromatography: Gas or column chromatography may be used to identify 
the components in mixtures and to separate mixtures before they are further 
analysed. A sample is passed through a medium in which different substances 
travel at different speeds.

•	Mass spectrometry: A sample of the material is vaporised and bombarded with 
electrons to fragment the molecules and create ions. The masses of the charged 
fragments are determined, and this gives characteristic information about the 
original material.

likely to be different). Note that it is the 
melting point which is the term given in 
tables of data – the freezing point may 
be difficult to determine because of the 
tendency of some liquids to ‘supercool’ 
(i.e. continue to exist as a liquid below 
their freezing point). Some schools may 
have a melting point apparatus, which 
could be demonstrated to students. 
Low melting point substances like 
cyclohexane can be difficult to use in 
this apparatus, but a substance such 
as stearic (octadecanoic) acid with a 
melting point of 70 °C is ideal.

Finding the temperature 
at which cyclohexane 
freezes by using an ice 
bath.
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•	 Atomic emission and absorption spectroscopy: Metal ions emit characteristic 
frequencies of light when excited, and absorb characteristic frequencies when 
in the ground state. These can be used to identify metals and to determine the 
amounts present.

•	 Infrared spectroscopy: This measures the absorption of a range of frequencies 
of infrared radiation by a sample. The infrared radiation causes bonds in 
the sample to vibrate, and the frequencies of the radiation absorbed gives 
information about the types of bonds present, which can help in identifying the 
substance.

•	 Ultraviolet spectroscopy: This looks at the absorption of ultraviolet radiation by 
a sample. UV radiation has a higher frequency than visible light and can cause 
higher energy electron transitions. It is used for quantitative determination of 
transition metal ions or complex organic substances such as DNA or proteins.

•	 Nuclear magnetic resonance spectroscopy: This looks at the frequencies of 
radiation absorbed when an atomic nucleus changes from one spin state to 
another in a magnetic field. It gives information about the functional groups in 
the molecule and can thus help in determining its structure.

Chromatography is a useful example to illustrate the development of instrumental 
techniques from a traditional practical approach. The basic principle of 
chromatography is that a mixture of substances is dissolved in a mobile phase 
and this is passed through a stationary phase (often inert). As the mobile phase 
moves, the different substances in the mixture will have different affinities for the 
inert stationary phase. This means that they move through at different speeds, 
and are therefore separated.

There are different kinds of chromatography: in gas chromatography, the 
stationary phase consists of a liquid held on an inert solid support in a very thin 
tube, and an inert gas (the mobile phase) that acts like a solvent and is used to 
force the mixture through. The mixture must be able to be vaporised without 
decomposing. The resulting fractions are then either pure samples of chemicals or 
a mixture of a few chemicals with similar affinities for the inert phase. The time it 
takes for the fraction to emerge is known as the retention time, and this can be 
used to identify the chemical. Another widely used technique is high performance 
liquid chromatography (HPLC) in which the mobile phase is a liquid and is passed 
through a column packed with solid material under high pressure.

Chromatography is used in forensic chemistry to separate mixtures of substances, 
for example, in order to identify a seized sample presumed to be an illegal or 
controlled drug. It is rarely used to analyse the sample directly, but it is more often 
used to separate a sample so that each component substance can then undergo 
analysis, often by being immediately fed into a mass spectrometer.

Instrumental techniques are often more accurate than other methods; they are 
very fast and allow increasingly smaller samples to be analysed. This makes them 
very useful in the sphere of forensic chemistry. However, the machines are often 
expensive, although the cost does reduce as the demand increases and the 
production of the machine changes from bespoke to batch and maybe even to 
continuous manufacture.



 Gatsby Science Enhancement Programme          13

InnovatIons In PractIcal Work: ForensIc chemIstry

Paper chromatography 
is not reproducible, 
therefore only samples on 
the same chromatogram 
can be compared.

Not every forensic laboratory will have every type of instrumental analysis 
machine. Each laboratory will specialise in a different method of analysis 
meaning that samples are often analysed in multiple locations. If some 
machines are too expensive for the public purse then samples can be given to 
private laboratories for specialist testing, and these may be outside the UK.

More information can be found in Resource R1 on pages 44-46 which gives 
a summary of six different instrumental analysis techniques.

Classroom activities
Schools will not have the equipment to demonstrate gas chromatography but 
the principle can be illustrated using paper chromatography or TLC. 

The different colours in a water soluble pen can be separated using 
chromatography paper with water as a solvent. Students should use pencil to 
draw a base line on a piece of chromatography paper before putting a sample 
of crime scene pen and suspect pen on the base line. By carefully placing the 
chromatography paper in a conical flask with some water, a chromatogram 
will develop. Students can then compare the crime scene and suspect pens to 
see if the colour separation is a match. The coloured substances move more 
slowly than the solvent because they are attracted to the paper (the stationary 
phase). The ratio of the distance travelled by a substance to the distance 
travelled by the solvent is called the retention factor (similar to the retention 
time in gas chromatography). However, in paper chromatography the results 
are not reproducible, so retention factors cannot be compared from one 
chromatogram to another.

See Activity A5
Chromatography (page 35)

Thin layer chromatography (TLC) does produce reproducible results as long 
as the same type of TLC plate and solvent are used, and values for retention 
factors can be used to identify the components. A TLC plate consists of 
a sheet of plastic, metal or glass, which is coated in adsorbent silica, and 
students can use this technique to identify whether an ‘unknown’ substance is 
aspirin or paracetamol.
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See Extension X1 
Colorimetry (page 41)

A small glass sample jar is suitable as a microscale TLC developing chamber. Spots 
of the solutions of aspirin, paracetamol and the ‘unknown’ can be put on the plate 
using a fine paintbrush, and the chromatogram can be developed using a mixture 
of organic solvents. Because the substances are colourless, they need to be made 
visible by putting the developed TLC plate into a second jar containing a few iodine 
crystals. Students can calculate the retention factors and can compare their results 
with other groups in the class.

TLC plate in sample jar 
(left), making the spots 
visible using iodine 
(middle) and the final 
chromatogram (right) from 
which retention factors 
can be calculated.

Another instrumental technique that can be illustrated in the classroom 
using simple equipment is colorimetry. This technique can be used to find 
the concentration of coloured solutions based on the transmittance of light 
through the solution. Students could use a colorimeter to investigate whether 
an unknown sample of a cola drink has been diluted. Some schools may already 
have a commercial colorimeter or a colorimeter sensor for a datalogger; a low-
cost alternative to demonstrate the principle is the SEP colorimeter box. The box 
has an LED at one end, and uses a light sensor connected to a multimeter at the 
other. The sample solution is placed in a cuvette (a small plastic container) and 
inserted into a hole in the centre of the box. The reading on the multimeter is 
proportional to the light intensity, and by measuring the readings for a range of 
known concentrations of a solution, a calibration curve can be generated. Using 
this graph the concentration of an unknown sample can be determined. 

A simple colorimeter can 
be used to determine 
the concentration of a 
coloured solution.
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See Activity A6 
Instrumental techniques 
(page 37)

Students can use secondary sources of information to research and compare the 
different types of instrumental analysis available to the forensic chemist. Through 
class discussion, students could be asked to draw out the general advantages 
and disadvantages of these instrumental techniques, and to record these points 
in a table. As an extension, they could be asked to debate the relative merits 
of instrumental techniques and more traditional analytical chemistry methods. 
After developing an understanding of instrumental techniques, students could be 
encouraged to apply this knowledge, for example, by writing a persuasive letter 
from a laboratory seeking funding to invest in analytical instruments.

Fingerprints are a form of patterned evidence, and it is possible to match these 
uniquely to individuals in the population. Even identical twins each have unique 
fingerprints which are fully formed before they are born (at about 17 weeks of 
pregnancy). In an investigation, direct prints from the suspect and all people with 
legitimate access to the area must be taken. Fingerprint specialists then undergo 
a painstaking comparison of prints taken as evidence with direct prints in order to 
eliminate prints or to get a match with a suspect. Nowadays, this is often performed 
using rapid computer screening techniques.

FINGERPRINTS

Plastic prints (fingerprints in a material which keeps the pattern e.g. putty) and 
patent prints (easily visible to the human eye e.g. in paint) are easy to find at 
crime scenes. However, latent (hidden) fingerprints can be visualised using two 
types of techniques:

•	 Physical: no chemical change occurs (for example, dusting with a powder 
onto a window pane and lifting the revealed print with specialist sticky tape).

•	 Chemical: a reagent reacts with a substance secreted by the body (for 
example, ninhydrin reacts with the protein in sweat to make a purple stain 
of a fingerprint on laundered money).

One of the first methods for disclosing latent fingerprints was using iodine 
fuming. Iodine sublimes upon heating and the gas solidifies on sebaceous 
secretions of the fingerprint. A temporary reddish print becomes visible, and 
this must be photographed to be used as evidence. This is a physical change, 
though the visualised print can be fixed (made permanent) by spraying with starch 
solution, a chemical reaction occurring to make a permanent blue fingerprint 

Fingerprints are unique to 
each individual person.
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Using an ink pad, 
students can make a set 
of direct prints.

See Activity A7
Fingerprints (page 38)

pattern. The fixing of the iodine print may mean that further chemical analysis 
is not possible. Iodine fuming is useful in visualising latent prints on semi-porous 
materials like glossy cardboard.

A recent advance in their field of developing latent fingerprints is the use of 
methyl cyanoacrylate (superglue) fuming which produces rock-hard permanent 
white prints. The mechanism of this process is not fully understood but 
investigations using electron microscopy point at the fact that secretions from the 
the eccrine sweat glands of the human body inhibit the polymerisation of methyl 
cyanoacrylate and this allows the ridge structure to become visible. A latent print 
is developed within two minutes as long as a fingerprint is relatively fresh, as the 
water content of the print is critical. However after 48 hours, this method would 
not produce a visible print without further chemical treatment.

Classroom activities
Students can use an ink pad to collect a set of direct prints from their own hands. 
Encourage students to roll their finger so that they get a complete fingerprint. This 
creates a set of reference fingerprints.

Students can then experiment with chemical development of latent fingerprints. A 
latent print can easily be made by touching the inside of a boiling tube. Then by 
subliming iodine in the sealed boiling tube, they will temporarily be able to visualise 
their latent print. 

Sublimation of iodine 
was the first chemical 
development method 
for the temporary 
visualisation of latent 
fingerprints. 
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Students can create permanently 
visualised latent prints by 
superglue fuming. Students hold 
a microscope slide between 
two fingers to make a latent 
fingerprint on each side of the 
slide. By adding a few drops of 
superglue to a jam jar and sealing 
in the microscope slide, they will 
see the latent print develop over 
about 20 minutes.

Fuming of superglue can 
be used to make a latent 
print permanently visible. 

BLOOD AND FORENSICS

Blood is a biological fluid that is often present at crime scenes. By looking at the 
blood spatter, a type of pattern evidence, a SOCO can suggest the angle and 
type of blow sustained by a person. There are relatively few experts and very 
little research into this type of forensic evidence, and it is thus constantly under 
question about is reliability and validity, significantly from observer bias. Traces 
of blood can sometimes be difficult to find at a crime scene, and chemicals and 
specialist lights can be used to detect it. Blood spatter can be made visible in a 
dark room by spraying an area with a mixture of an oxidant and luminol; there is a 
chemiluminescent reaction with blood, so any blood stains will glow.

The Kastle-Meyer test is a presumptive test that can be used to determine if a 
red liquid or stain is blood. It uses reduced phenolphthalein in the presence of an 
oxidant, and changes to pink in the presence of blood (though, some vegetables 
such as potato, tomato, cucumber and horseradish give false positive results due 
to the enzymes that they contain). Simple tests on blood can be carried out to 
determine the blood group, which can eliminate suspects from an enquiry, and 
more recently DNA profiling (‘fingerprinting’) has been used to individualise blood 
evidence. The amount of DNA can be amplified so that even very small samples of 
blood can provide sufficient DNA to be analysed.

The alcohol level in a person’s blood can be tested using a breathalyser. When a 
person is intoxicated they release alcohol into their breath, and rather than taking a 
blood sample directly, which would require a medically qualified person, it is easier 
to use a simple hand-held device to estimate blood alcohol level from the amount 
of alcohol vapour breathed out. On a UK public highway, it is illegal to drive a 
motor vehicle with a blood alcohol level above 80 mg per 100 cm3 of blood, which 
roughly corresponds to 35 mg per 100 cm3 of breath. If the driver wishes to dispute 
the reading, a blood sample can be taken at a police station by a police surgeon 
and this can then be tested in a pathology laboratory. 

Alcohol breath testing was introduced in the Road Safety Act 1967, and the 
breathalyser used at that time consisted of a sealed glass tube containing silica 
crystals impregnated with acidified potassium dichromate. At the roadside, a police 
officer snapped the ends and attached a mouthpiece and a bag at opposite ends. 
The subject blew through the mouthpiece to inflate the bag. With this kind of 
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A dichromate breathalyser 
(left) and an electronic 
breathalyser (right). 

The Kastle-Meyer test is a 
presumptive test used at 
crime scenes to identify 
the possibility of the 
presence of blood. 

Classroom activities
As an introduction to this area, students could use a microscope to examine 
purchased slides of stained blood, or alternatively, use the internet to look at 
microscopic images of blood. They could record their observations as annotated 
sketches.

Students can use the Kastle-Meyer test to identify blood. Different red samples 
could be given to the students, for example, red paint, red food colouring and a 
sample of lamb’s blood from a butcher (not blood from pigs or cows for religious 
reasons). Students roll a clean cotton bud into the sample and using separate 
squirty reagent bottles add a few drops of ethanol, reduced phenolphthalein 
mixture and hydrogen peroxide. The blood sample will turn pink, whereas the 
other samples will not.

See Activity A2 
Detecting metal ions 
(page 31)

See Extension X2 
Extracting DNA
(page 42)

Students cannot extract the DNA from blood, but they can from kiwi fruit. 
Students grind the kiwi fruit to increase the surface area before heating the 
mixture with detergent and sodium chloride. The heating breaks down the cell 
wall, allowing the detergent to dissolve the fatty cell membranes. Kiwi fruit 
contains protease which digests the protein to leave DNA, and the sodium chloride 
makes the DNA stick together. By adding ice cold ethanol a gelatinous precipitate 
of DNA is seen because DNA is insoluble in the ethanol. 

breathalyser, the presence of alcohol is indicated by the crystals turning from orange 
to green, the length of the green colour being proportional to the concentration of 
alcohol. These tests were expensive and notoriously inaccurate, and nowadays more 
accurate and re-usable electronic devices are in use.
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By putting a few drops 
of ethanol into the 
balloon and inflating it, 
alcohol vapour can be 
passed through a simple 
dichromate breathalyser.

A Kiwi fruit is cut (1) 
and ground with the 
extraction buffer (2). The 
mixture is heated to break 
down the cell wall and 
then filtered (3). Ice cold 
ethanol is added (4) and 
the DNA precipitates (5).

Many schools have electrophoresis kits which can be used to demonstrate the 
principles of DNA profiling. The DNA obtained from the kiwi fruit by the method 
above contains too much protein, and is not suitable for electrophoresis without 
further processing, but DNA samples can be purchased for use with these 
electrophoresis kits.

Students can make a simple potassium dichromate breathalyser by soaking 
some mineral wool in a solution of potassium dichromate with a little silver 
nitrate catalyst. A graduated pipette loaded with the primed mineral wool is the 
breathalyser. By securing an inflated balloon to the open end of the pipette, air 
can be forced though the breathalyser. If a few drops of ethanol is added to the 
balloon before it is inflated, students can observe the colour change from orange 
to green as the dichromate solution is reduced by the ethanol.

See Activity A8
Breathalysers (page 40) 

1

3

2

4 5
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LIMITS OF FORENSIC SCIENCE

Bias is one of the biggest problems with the conclusions from forensic scientists. 
Conformational bias is when evidence has been interpreted to reinforce any 
preconceived ideas generated by attending a crime scene or looking at other 
analytical results for the case. Observer bias is more prevalent and this is when 
conclusions are influenced by past experience. Many forensic scientists believe that 
they are free from observer bias, despite it being a well documented phenomenon.

Forensic science reports differ from traditional scientific reports in that they 
are often shorter. The brief nature of forensic science reports is partly due to 
the workload of a forensic scientist and the cost of their production. It is also 
because legal professionals and jurors do not have the specialist expertise of 
scientists and this can make extensive reports difficult to understand. Thus, 
one interesting difference between a forensic science report and that of 
a conventional scientific report is the omission of any discussion of errors. 
Although a margin of error is indicated, a full explanation of errors may make 
the test look less reliable to a ‘lay’ person. It is worth noting that all of the case 
file can also be submitted as evidence and this would contain all the notes and 
results on the forensic analysis of the evidence.

As technology develops and new scientific discoveries are made, there are 
advances in the techniques employed by forensic scientists. This means that 
unsolved or ‘cold’ cases may at a later date have a chance of being solved. 
Equally, there are some people in prison that have been wrongly convicted on the 
strength of the forensic evidence that has later been shown to be flawed. Forensic 
science is a challenging discipline and requires a reflective approach to ensure that 
criminals are successfully convicted.
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STUDENT ACTIVITIES

FORENSIC CHEMISTRY
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Teachers’ notes
The student resources consist of a series of practical activities concerned with the analysis of a range of materials, 
and the identification of unknown materials illustrating the underlying principles of specific instrument analysis. The 
activities are intended for use at KS4, though some of the resources could be adapted for use at KS3 or post-16. 
The key ideas are concerned with:

•	 the	chemical	analysis	of	metal	ions,	molecular	ions	and	halide	ions	using	microscale	chemical	techniques
•	 practical	work	analysing	samples	using	physical	methods	such	as	melting	point	determination	or	chromatography
•	 exploring	the	benefits	and	drawbacks	of	instrumental	analysis	compared	to	traditional	analysis	methods.

The activities could be set in the context of the application of chemical analysis to forensic science and how this 
kind of work often deals with very small sample sizes.

Most of the practical resources to complete these activities are readily available in the secondary school science 
department; however some more specialist resources can be obtained from Middlesex University Teaching 
Resources.

An overview of the activities
The activities are:

•	 Activity	A1		Flame tests
•	 Activity	A2		Detecting metal ions
•	 Activity	A3		Testing for halide ions
•	 Activity	A4	 Chemical purity
•	 Activity	A5		Chromatography
•	 Activity	A6		Instrumental techniques
•	 Activity	A7		Fingerprints
•	 Activity	A8		Breathalysers 

There are two extension activities:

•	 Extension	X1	 Colorimetry
•	 Extension	X2	 Extracting DNA

There are two resource sheets:

•	 Resource	R1		Instrumental techniques fact sheets
•	 Resource	R2		Glossary of technical terms

The following resources are also available on the SEP website:

•	Web	Resource	WR1		Microscale analysis: metal ions

•	Web	Resource	WR2		Microscale analysis: halide ions.

 

Visit the SEP website www.sep.org.uk for supporting resources including image files and editable versions 
of the student sheets. See page 52 for information on obtaining the practical resources.
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Notes on the activities

Activity A1: Flame tests
Students note the characteristic colours of metal ions in a flame and then use a spectroscope to compare the 
emission spectra from each metal ion (see also page 5 of this booklet ‘Testing for metal ions’).

LEARNING OBJECTIVES
Students will:

•	 note	the	distinctive	flame	colour	made	by	sodium,	
lithium, potassium, barium, strontium and copper ions

•	 use	a	spectroscope	to	compare	the	spectra	produced	by	
different metal ions.

NOTES
CAUTION: Try to choose metal ion solutions with low 
hazard.	Be	aware	that	the	Bunsen	burner	blue	flame	
could cause burns. In the demonstration, ethanol is highly 
flammable and the stock bottles should be kept away 
from	naked	flames.

The spray bottles can be bought from garden centres, 
and should be of a design that avoids the possibility of 
flashback.	The	saturated	salt	solutions	can	be	made	by	
mixing no more than 1 g of each solid salt with 10 cm3 of 
ethanol.	Be	aware	that	a	large	coloured	plume	of	flame	is	
produced and the demonstration must be done well away 
from students.

The substances selected are all chlorides of the metals, 
so that there is no ambiguity as to what is causing the 
change	in	flame	colour.	For	the	demonstration,	the	flame	
colours produced will be the characteristic colour that the 
metal ion gives: sodium (orange), lithium (red), potassium 
(lilac), barium (apple green), strontium (crimson) and 
copper (green/blue). As an extension, you may wish to 
look	at	the	flame	colours	produced	by	other	metal	salts.	

Students should use the soaked splint to create a coloured 
flame	long	enough	to	study	with	the	spectroscope.	
Ask	students	to	look	at	each	flame	in	turn	using	their	
spectroscope and notice the different patterns of lines. 
Even though the splints are soaked in aqueous solutions, 
they	will	dry	and	eventually	burn	in	the	Bunsen	flame.	
The	flame	colour	should	be	recorded	before	this	happens.	
(CAUTION: ensure that students do not get close to the 
Bunsen burner when looking through the spectroscope.) 
Explain that the lines correspond to particular parts of the 
spectrum that have been emitted. Students could sketch 
the	spectrum	for	each	different	flame	colour.	

If you have emission tubes available the spectroscope 
can be used to compare between the tube and the same 
metal	ion	in	a	flame.	Students	should	notice	that	a	similar	
spectrum is produced from each.

RESOURCES NEEDED
TASK A (teacher demonstration)
•	 6	spray	bottles
•	 Heat	proof	mat
•	 Bunsen	burner
•	 Saturated	solutions	of	each	the	following	in	ethanol	

(produced by stirring 1 g of solid with 10 cm3 of ethanol)
•	sodium	chloride
•	strontium	chloride
•	potassium	chloride
•	copper(II)	chloride	[TOXIC]
•	lithium	chloride	[IRRITANT]
•	barium	chloride	[HARMFUL]

•	 Eye	protection.

TASK B
Each group will need:
•	 SEP	spectroscope
•	 Heat	proof	mat
•	 Bunsen	burner
•	 Splints	soaked	over	night	in:

•	saturated	solution	of	sodium	chloride
•	saturated	solution	of	strontium	chloride
•	saturated	solution	of	potassium	chloride
•	copper(II)	chloride	[TOXIC]	,	0.1	mol	dm-3

•	lithium	chloride	[IRRITANT],	0.1	mol	dm-3

•	barium	chloride	[HARMFUL],	0.2	mol	dm-3

•	 Splint	as	above,	taken	from	a	container	marked	
‘unknown’

•	 Eye	protection.

USEFUL SOURCES 
•	 CLEAPSS	Hazcards	27A,	58,	40A	and	10A.
•	 Website:	go	to	www.practicalchemistry.org	and	search	for	
‘flame’.
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Activity A2: Detecting metal ions
Students test different metal ions with sodium hydroxide to find out the colours of precipitates and to identify 
an unknown, and use reduced phenolphthalein solution to show the presence of blood (see also page 5 of this 
booklet ‘Testing for metal ions’ and page 17 ‘Blood and forensics’).

LEARNING OBJECTIVES
Students will:

•	 explain	how	sodium	hydroxide	can	be	used	to	identify	
the ions of iron, copper, calcium and magnesium

•	 know	how	to	carry	out	a	test	that	can	be	used	to	
suggest the presence of blood.

NOTES
CAUTION: Students should wear eye protection 
throughout the practical component of this activity as 
many of the solutions are irritants.

These small scale tests are quicker than using a test tube. 
Ensure that students only use a few drops and that they 
keep	their	sheet	flat	on	the	lab	bench,	otherwise	the	
solutions will run into each other and distort the results. In 
Task A students should find that iron(II) forms a grey/green 
precipitate, iron(III) forms an orange precipitate, copper(II) 
forms a blue precipitate, calcium and magnesium will both 
form a white precipitate. As an extension students could 
try aluminium chloride solution, which will form a white 
precipitate that re-dissolves on the second addition of 
sodium hydroxide, and look at the coloured precipitates of 
lead and zinc compounds.

For the ‘blood’ samples in Task B, you should use fish, 
sheep or horse blood (not human blood due to disease 
transmission and not pig or cow on religious grounds). 
You may want to use the run-off from lambs liver or 
fish blood fertiliser. Enzymes found in potatoes, tomato, 
cucumber and horseradish give false positive results as do 
some other oxidants that will turn the solution pink before 
the hydrogen peroxide is added. It is therefore important 
to wait a few seconds before adding the hydrogen 
peroxide to discount these.

The phenolphthalein reagent (for the ‘Kastle-Meyer’ 
test for blood) must be in a reduced form. This can be 
prepared by boiling 2 g of phenolphthalein with 20 g 
potassium hydroxide and 30 g of zinc powder and  
100 cm3 deionised water until colourless (this could take 
anything from 15 minutes to 3 hours). Cool the mixture 
and add 100 cm3 of ethanol. Store in a bottle at 4 °C (in 
the fridge) with some zinc.

RESOURCES NEEDED
TASK A
Each group will need:

•	 Red	litmus	paper
•	 Sodium	hydroxide	solution	[CORROSIVE],	0.2	mol	dm-3

•	 Iron(II)	sulfate,	0.2	mol	dm-3 in 0.1 mol dm-3 sulfuric acid
•	 Iron(III)	sulfate,	0.2	mol	dm-3

•	 Copper(II)	sulfate	[TOXIC],	0.2	mol	dm-3

•	 Calcium	chloride,	0.2	mol	dm-3

•	 Magnesium	chloride,	0.2	mol	dm-3

•	 Plastic	pocket	with	Web Resource WR1 Microscale 
analysis: metal ions

•	 Dropping	pipettes
•	 Eye	protection.

TASK B 
Each group will need:

•	 ‘Blood’	samples	labelled	A,	B	and	C
•	 Reduced	phenolphthalein	solution	in	a	dropping	bottle	

(made from 2 g phenolphthalein, 20 g potassium 
hydroxide pellets, 30 g zinc powder and 100 cm3 
deionised water and 100 cm3 ethanol).

•	 Ethanol	[TOXIC,	HIGHLY	FLAMMABLE]	in	a	dropping	
bottle

•	 Dropping	bottle	with	hydrogen	peroxide	(10	volume)
•	 Cotton	wool	buds
•	 Eye	protection.

USEFUL SOURCES 
•	 CLEAPSS	Hazcards	91,	55B,	27C,	2B,	40A
•	 Website:	go	to	www.chemistryteachers.org	and	search	for	

‘microscale’.
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Activity A3: Testing for halide ions

Students undertake a qualitative test for halide ions using silver nitrate, and then use silver nitrate in a 
microtitration to determine the concentration of chloride ions in a solution (see also page 8 of this booklet 
‘Chemical analysis and non-metal ions’).

LEARNING OBJECTIVES
Students will:

•	 be	able	to	recall	the	qualitative	test	for	halide	ions	using	
acidified silver nitrate

•	 be	able	to	interpret	results	for	the	qualitative	test	for	
halide ions to determine which halide ion is present

•	 safely	complete	a	microtitration	and	use	the	results	to	
calculate the concentration of a halide ion.

NOTES
CAUTION: Students should wear eye protection 
throughout this practical, avoid skin contact with the 
solutions and wash their hands at the end of the practical.

In Task A, these small scale tests are quicker than using a 
test tube. Ensure that students only use a few drops and 
that	they	keep	their	sheet	flat	on	the	lab	bench,	otherwise	
the solutions will run into each other and distort the 
results. Chloride ions will produce a white precipitate, 
bromide ions a cream precipitate and iodide ions a yellow 
precipitate. 

In Task B, a graduated pipette (2 cm3) is used here as a 
‘microburette’. To connect this to a syringe, the end of 
disposable pipette can be cut off, with one end pushed 
over the syringe and other end coated in petroleum jelly 
and pushed inside microburette. (Alternatively, two short 
lengths of silicon tubing of appropriate diameters and a 
tubing connector could be used.) Some schools may have 
very small volume burettes which could be used instead of 
making a microburette. 

To make the results more accurate, students could be 
encouraged to add half drops of silver nitrate. This can 
be achieved by carefully depressing the syringe so a bead 
of solution forms on the end of the microburette, then 
using a wash bottle of distilled water, this solution can be 
washed into the beaker. 

The wash bottle can also be used to wash additional 
solution which has hit the sides of the beaker into the 
main reaction volume. Dilution has no effect on the titre 
and therefore no effect on the calculations. 

As an extension, students could also carry out a larger 
scale titration using a conventional burette to compare the 
calculated concentration of the sodium chloride solution. This 
would allow students to consider how accurate their results 
are. As the microscale titration uses very small volumes, the 
errors are proportionally larger.

RESOURCES NEEDED
TASK A
Each group will need:

•	 Silver	nitrate	solution	,	0.05	mol	dm-3 
•	 Nitric	acid	solution	[CORROSIVE],	0.5	mol	dm-3 
•	 Sodium	chloride	solution,	0.1	mol	dm-3

•	 Sodium	bromide	solution,	0.1	mol	dm-3

•	 Sodium	iodide	solution,	0.1	mol	dm-3

•	 Solution	labelled	‘unknown’	of	any	of	the	sodium	halides	
used, 0.1 mol dm-3

•	 Plastic	pocket	with	Web Resource WR2 Microscale 
analysis: halide ions

•	 Dropping	pipettes
•	 Eye	protection.

TASK B
Each group will need:

•	 Graduated	pipette,	2	cm3 (‘microburette’)
•	 Plastic	syringe,	10	cm3

•	 Connector	for	microburette	(see	previous	notes)
•	 Clamp	stand,	bosshead	and	clamp
•	 White	tile
•	 Beaker,	50	cm3 or 100 cm3

•	 Bulb	pipette,1	cm3 and filler
•	 Wash	bottle	with	distilled	water
•	 Silver	nitrate	solution	,	0.05	mol	dm-3 
•	 Nitric	acid	solution	[CORROSIVE],	0.5	mol	dm-3 
•	 Potassium	chromate	solution	[TOXIC],	0.15	mol	dm-3

•	 Eye	protection.

USEFUL SOURCES 
•	 CLEAPSS	Hazcards	67,	78	and	87
•	 Website:	go	to	www.practicalchemistry.org	and	search	for	

‘microtitration’.
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Activity A4: Chemical purity

Students practically determine the melting point and freezing point of a substance, then use a data table to identify 
the substance (see also page 10 of this booklet ‘Identifying a pure chemical’).

LEARNING OBJECTIVES
Students will:

•	 safely	find	the	melting	point	of	an	organic	compound
•	 understand	that	melting	and	freezing	take	place	at	the	

same temperature
•	 know	how	to	use	data	tables	to	identify	a	substance	

from its melting and boiling points
•	 draw	conclusions	consistent	with	their	results.

NOTES
CAUTION: This experiment should be done in a well-
ventilated room.

Although melting points and freezing points in principle 
are the same, they may be different in this practical 
determination. From the value of the melting point alone, 
it may be difficult to identify the unknown substance; 
telling students that its boiling point is 81 °C should 
enable them to identify the substance as cyclohexane.

RESOURCES NEEDED
Each group will need:

•	 Thermometer,	-10	°C		–	100	°C
•	 Glass	beaker,	glass,	250	cm3

•	 Test	tube	with	1	cm3 sample (cyclohexane) marked 
‘unknown’	[FLAMMABLE]

•	 Spatula
•	 Sodium	chloride
•	 Crushed	ice
•	 Cotton	wool
•	 Access	to	tap	water
•	 Eye	protection.

USEFUL SOURCES 
•	 CLEAPSS	L195-12	and	Hazcards	45A	and	45B.

Activity A5: Chromatography

Students complete paper and thin layer chromatography (TLC) experiments. They consider the reproducibility of 
their results (see also page 11 of this booklet ‘Instrumental analysis’).

LEARNING OBJECTIVES
Students will:

•	 safely	complete	a	paper	and	TLC	chromatogram
•	 draw	conclusions	consistent	with	their	results
•	 calculate	values	for	retention	factors	(R

f
) 

•	 consider	the	reproducibility	of	their	results.	

NOTES
CAUTION: In Task B, Students should avoid contact of 
the solvents with their skin and wash their hands after 
completing the experiment. They should avoid inhalation 
of the vapours from the solvents.

Paper chromatography does not produce discrete coloured 
spots and you cannot compare different chromatograms 
as the retention is not reproducible between different 
runs. TLC allows discrete separated chemical spots to 
be formed and the calculation of R

f
 values which are 

comparable between different chromatograms using the 
same stationary phase and solvent. Some chemicals are 
not coloured and these need to be stained (e.g. using 
iodine) in order to see the result.

As an extension, the procedure in Task A could be used to 
separate the inks and dyes in biro using an eluting mixture 
of 20% water, 20% ethanol and 60% butan-1-ol (harmful 
and	flammable).

In Task B the mystery drug can either be just aspirin and 
paracetamol or a mixture of the two. This might simulate a 
drug mixed or ‘cut’ with something else.

RESOURCES NEEDED
TASK A
Each group will need:

•	 Two	different	water	soluble	pens,	labelled	A	and	B
•	 Chromatography	paper	strip,	12	cm	x	2	cm	(with	small	

dot of ink from one of the pens about 1 cm from end)
•	 Conical	flask,	250	cm3

•	 Scissors,	pencil	and	ruler
•	 Adhesive	tape.

TASK B
Each group will need:

•	 TLC	plate,	5	cm	x	2	cm
•	 2	screw	cap	jars
•	 3	test	tubes	in	rack
•	 Aspirin	and	paracetamol	tablets,	some	crushed	to	act	as	

the unknown
•	 Solvent:	95%	ethyl	ethanoate	and	5%	glacial	ethanoic	
acid	[HARMFUL,	FLAMMABLE]

•	 Iodine	crystals	[HARMFUL]
•	 Ethanol	[FLAMMABLE
•	 Spatula
•	 Dropping	pipette
•	 Fine	paint	brush,	tweezers,	pencil	and	ruler
•	 Eye	protection.

USEFUL SOURCES 
•	 CLEAPSS	PS67-14	and	Hazcards	28,	40A,	84B,	84C	and	85.
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Activity A6: Instrumental techniques

Students contrast the advantages and disadvantages of different instrumental techniques, and then use this 
information to write a persuasive letter (see also page 11 of this booklet ‘Instrumental analysis’).

LEARNING OBJECTIVES
Students will:

•	 be	able	to	explain	what	instrumental	techniques	are
•	 understand	that	different	instrumental	techniques	have	

different advantages and disadvantages
•	 be	able	to	complete	their	own	research	using	secondary	

sources of information
•	 be	able	to	write	a	persuasive	argument.

NOTES
Details of these instrumental analysis techniques can be 
found in Resource R1 Instrumental techniques fact sheets on 
pages 44-46. The steel industry often uses atomic absorption 
spectroscopy to identify the concentration of the elements in 
different alloys, and students might therefore focus on this 
technique in their persuasive letter.

RESOURCES NEEDED
Access to research tools e.g. school library, internet, specialist 
publications, Resource R1 Instrumental techniques fact sheets.

Activity A7: Fingerprints

Students take a set of comparison (direct) prints using an ink pad and then use iodine and methyl cyanoacrylate 
(superglue) to develop latent prints (see also page 15 of this booklet ‘Fingerprints’).

LEARNING OBJECTIVES

Students will:
•	 take	a	set	of	fingerprints	using	ink
•	 safely	develop	latent	fingerprints	using	iodine	and	

methyl cyanoacrylate (superglue)
•	 compare	comparison	(direct)	prints	to	developed	latent	

prints to draw conclusions.

NOTES
CAUTION: Methyl cyanoacrylate (superglue) is an irritant 
and sticks skin together. Ensure that the students wear eye 
protection (goggles) and avoid skin contact, maybe using 
disposable gloves. Students should wash their hands at the 
end of the experiment. Only open the superglue jam jar in 
a fume cupboard or outside. Ensure close attention so that 
superglue is not misused.

If there are not enough ink pads available, students can 
‘colour in’ their fingertips with HB pencil and then use 
this to make an impression of their fingerprints on the 
comparison table. 

You could extend this activity by encouraging students 
to find out how fingerprints can be classified as arch 
(5% of patterns), whorl (25% of patterns) or loop (70% 
of patterns). Students could then classify their own 
fingerprints.

A	flexicam	or	a	digital	camera	could	magnify	the	
developed latent fingerprints and be displayed using a 
digital projector. 

RESOURCES NEEDED
Each group will need:

•	 Ink	pads
•	 Boiling	tube	with	bung
•	 Beaker,	250	cm3

•	 Spatula
•	 Jam	jar	with	lid
•	 Glass	microscope	slide
•	 Iodine	crystals	[HARMFUL]
•	 Methyl	cyanoacrylate	(superglue)	[IRRITANT]
•	 Access	to	hot	tap	water
•	 Water	bath	at	60	°C
•	 Disposable	gloves
•	 Eye	protection.

USEFUL SOURCES 
•	 CLEAPSS	Hazcard	54A.
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Activity A8: Breathalysers

Students make a potassium dichromate breathalyser and test it to show the presence of alcohol vapour (see also 
page 17 of this booklet ‘Blood and forensics’).

LEARNING OBJECTIVES
Students will:
•	 make	a	simple	potassium	dichromate	breathalyser
•	 test	a	potassium	dichromate	breathalyser
•	 plan	and	carry	out	an	experiment	to	prove	a	hypothesis.

NOTES
CAUTION: Ensure that students wear eye protection and 
avoid skin contact with any of the solutions. Students 
should wash their hands at the end of the experiment. Be 
aware that some students may have a latex allergy and 
non-latex balloons would need to be used.

Students should use the Hoffman clip to close the balloon 
once	inflated.	They	should	thread	the	rubber	band	onto	
the end of the Pasteur pipette and then put the end of the 
balloon over the pipette, using the rubber band to secure 
it firmly. Once the set up is complete, they can release the 
Hoffman clip to allow the air to pass over the dichromate 
indictor. Tweezers should be used to pick up the chemical 
soaked mineral wool from the sink basin.

Students should consider how they can prove that ethanol 
causes the colour change. This can be achieved by 
allowing	students	to	test	just	an	air	inflated	balloon,	which	
would produce no colour change in the breathalyser. 
Ethanol is broken down into ethanal in the body, and 
ethanal could be added to the balloon and allowed to run 
through the breathalyser, again showing no reaction. This 
would allow students to deduce that ethanol causes the 
colour change. 

Breathalysers work by testing the exhaled air for ethanol. 
In the dichromate breathalyser, the colour change is due 
to the oxidation of the alcohol and the reduction of the 
dichromate; silver nitrate is used as a catalyst for this 
reaction and allows it to occur visibly within seconds. It 
can be assumed that if a certain concentration of ethanol 
is found in the breath of a person, they will have a certain 
level of alcohol in their blood. Blood alcohol level affects 
people’s reaction time and this is the reason that 80 mg of 
alcohol per 100 ml of blood is the legal limit for driving in 
the UK. The activity could be extended by considering the 
effect of mouthwash on breathalyser reactions. Students 
may rinse their mouth with alcohol based mouthwash 
and	then	inflate	the	balloon	before	using	the	breathalyser.	
Students should see that a false positive is given. 

Chemical reactions are no longer used in breathalysers 
–  more accurate and reusable electronic devices are used 
today.

RESOURCES NEEDED
Each group will need:

•	 Clamp	stand,	bosshead	and	clamp
•	 Pasteur	pipette
•	 Hoffman	clip
•	 Beaker,	50	cm3

•	 Measuring	cylinder,	10	cm3

•	 Measuring	cylinder,	50	cm3

•	 Tweezers
•	 Dropping	pipette
•	 Sulfuric	acid	[IRRITANT],	0.05	mol	dm-3

•	 Silver	nitrate	solution,	0.1	mol	dm-3

•	 Potassium	dichromate	[TOXIC],	0.01	mol	dm-3

•	 Ethanol	[TOXIC,	HIGHLY	FLAMMABLE]
•	 Mineral	wool
•	 Balloon
•	 Rubber	band
•	 Eye	protection.

USEFUL SOURCES 
•	 CLEAPSS	Hazcards	40A,	78,	87	and	98A
•	 Website:	go	to	www.chemistryteachers.org	and	search	for	

‘breathalyser’.
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Notes on the activities

Extension X1: Colorimetry

Students make a calibration curve for a colorimeter, and use this to determine unknown concentrations (see also  
page 11 of this booklet ‘Instrumental analysis’).

LEARNING OBJECTIVES
Students will:
•	 collect	data	and	plot	a	calibration	curve
•	 use	their	calibration	curve	to	determine	the	

concentration of a solution.

NOTES
Students can use the SEP colorimeter box and light sensor 
for this activity, or alternatively a datalogger with a light 
sensor. Some schools have colorimeters which could be 
demonstrated to the students.

Students could plot their calibration curve by hand or use 
a computer programme such as Excel.

This activity allows discussion about how accurate their 
conclusions are and how valid they would be in a court 
of law. Students should consider how they might make 
their results more accurate e.g. repeat each reading and 
take a mean, or take more data points when drawing the 
calibration curve.

The colorimeter box can be used with the white LED that is 
supplied with it, or different coloured LEDS could be used to 
investigate the absorbance of different wavelengths of light. 
Suitable coloured LEDs can be found in the MUTR ‘LED colour 
mixing set’, which consists of three LEDs (red, green and blue) 
of comparable brightnesses.

RESOURCES NEEDED
•	 SEP	colorimeter	box
•	 Cuvette
•	 White	LED
•	 Button	cell,	3V,	and	clothes	peg	(or	battery	pack	and	leads)
•	 SEP	light	sensor
•	 Digital	multimeter	or	voltmeter
•	 2	plug-plug	leads	(one	red,	one	black)
•	 Dropping	pipettes
•	 Measuring	cylinder,	10	cm3

•	 5	beakers,	250	cm3

•	 Cola	
•	 Samples	of	cola	which	are	labelled	A,	B	and	C	of	three	

different concentrations.

Extension X2: Extracting DNA

Students extract DNA from kiwi fruit, observe the electrophoresis of purified and cleaved DNA, and use secondary 
sources of information to explain DNA fingerprinting (see also page 17 of this booklet ‘Blood and forensics’).

LEARNING OBJECTIVES
Students will:
•	 safely	extract	DNA	from	kiwi	fruit
•	 observe	electrophoresis
•	 use	secondary	sources	of	information	to	make	a	flow	

chart.

NOTES
CAUTION:	Ethanol	should	be	kept	away	from	naked	flames	
and students should wash their hands after this activity.

The DNA from this extraction will contain a lot of protein 
and this makes it impossible to use for electrophoresis 
without further processing. This can be achieved by using 
an enzyme such as protease to remove the protein and 
centrifuging to collect the DNA sample. This needs to be 
repeated a number of times. The DNA then needs to be 
cleaved into smaller sections to allow a fingerprint to be 
obtained. Electrophoresis can be undertaken using a pre-
made kit: follow the manufacturer’s instructions for this.

The gel plate is then photographed or made permanent 
by further processes such as removal of all the protein and 
addition of restriction enzymes to cleave the DNA.

RESOURCES NEEDED 
TASK A
•	 Measuring	cylinder,	100	cm3

•	 Pestle	and	mortar
•	 2	conical	flasks,	250	cm3

•	 Filter	funnel	and	filter	paper
•	 White	tile
•	 Knife
•	 Dropping	pipette
•	 Kiwi	fruit
•	 Ice	cold	ethanol	[TOXIC,	HIGHLY	FLAMMABLE]
•	 Washing	up	liquid	[IRRITANT]
•	 Sodium	chloride
•	 Top	pan	balance
•	 Water	bath	set	at	60	°C.

TASK B (teacher demonstration)
•	 Electrophoresis	kit	with	consumables
•	 Pre-cleaved	and	dyed	DNA	samples
•	 Access	to	secondary	sources	of	information.

USEFUL SOURCES
•	 CLEAPSS	section	11.1.7	and	Hazcard	40A.
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Activity A1

1 of 1

The colour of a flame can be changed by putting 
certain metal compounds into it. A spectroscope is an 
instrument that separates the different frequencies of 
light, showing which parts of the spectrum are emitted 
by the metal ion in the compound. In this activity you 
will use a simple spectroscope to look at the flame 
colours produced by a range of metal ions.

Task A  Flame colours
1. Your teacher has some spray bottles filled with different 

metal salt solutions.

2. Observe carefully as your teacher sprays some of each 
solution into the blue Bunsen flame.

3. Use a table like the one shown to record your results.

4. How could you use this technique to identify chemicals?

Task B  Using a spectroscope
5. Set up a Bunsen burner on a safety mat. Collect a set of 

wooden splints that have been soaked in the metal salt 
solutions you have just seen.

6. Turn the Bunsen burner to the blue flame and hold one 
splint in the flame.

7. Keeping well away from the flame, hold the 
spectroscope close to your eye and aim the top slit at 
the coloured flame.

8. Compare the spectroscope images for the different 
flames. How can you record your results? 

9. How could you use this technique to identify chemicals?

10. Use this technique to identify what is on the ‘unknown 
chemical’ splint.

FLAME TESTS

 
Wear eye protection. Avoid skin 

contact with the testing solutions.

 
Wear eye protection. Avoid skin 

contact with the testing solutions. 

When using the spectroscope 

keep your hair well away from the 

Bunsen flame.

Metal
compound

Metal
ion

Flame
colour

metal salt solution

blue flame
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FORENSIC CHEMISTRY:

Activity A2

1 of 1

Task A  Testing for metal ions
1. Put your sheet WR1 Microscale analysis: metal ions into a 

plastic pocket. This sheet has a test area for each of the 
compounds to be tested.

2. Using a dropping pipette, put two drops of sodium 
hydroxide solution onto the centre of each of the test 
areas.

3. Add two drops of the appropriate metal ion solution to 
the hydroxide solution in each of the test areas. Record 
your observations in a results table like the one shown.

4. Test the unknown chemical and use your results to 
identify the metal ion in it.

Task B  Testing for blood
Haemoglobin in blood contains iron(II) ions which are present 
even in dried blood left at a crime scene. 

5. You will be given three samples of red materials. Use a 
cotton bud to collect some of the first sample.

6. Onto the cotton bud, add two drops of ethanol, two 
drops of the phenolphthalein mixture and two drops 
of hydrogen peroxide. If the sample goes pink then it is 
blood. Record your results in a table like the one shown.

7. Test the other samples to see if they contain blood. Add 
your results to the table. Which sample(s) contained 
blood?

In forensic science, it is often useful to carry out simple 
tests at a crime scene to detect the presence of certain 
substances in small samples of material. In this activity 
you will investigate how the hydroxide ion can be used 
to detect certain metal ions, and how the presence of 
blood can be detected.

 
Sodium hydroxide is an irritant. 

Wear eye protection. Avoid 

skin contact with the solutions, 

wash hands at the end of the 

experiment. Ethanol is toxic and 

highly flammable, keep away from 

naked flames.

DETECTING METAL IONS

Metal compound Colour of precipitate

Calcium chloride

Copper(II) sulfate

Iron(II) sulfate

Iron(III) sulfate

Magnesium chloride

Unknown compound

Sample Colour of swab

A

B

C
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FORENSIC CHEMISTRY:

Activity A3

1 of 2

As well as detecting the presence of certain substances 
in small samples, it is also useful to be able to find out 
how much of a substance is present. In this activity, you 
will use silver ions as a test for detecting halide ions, and 
carry out a titration to find the concentration of chloride 
ions in a solution.

Task A   Qualitative test for halide ions
1. Put your sheet WR2 Microscale analysis: halide ions into 

a plastic pocket. This sheet has a test area for each of the 
compounds to be tested.

2. Using a dropping pipette put two drops of silver nitrate 
solution onto the centre of each of the test areas. 

3. Using a second dropping pipette, add a drop of nitric acid 
to the silver nitrate solution in each of the test areas.

4. Add two drops of the appropriate halide solution to each 
of the test areas. Record your observations in a results 
table like the one shown. What colour is the precipitate 
for each halide ion? Why is important to compare 
compounds with the same metal ion?

5. Now test the unknown compound. Which halide is 
present?

Task B Quantitative test for chloride ions
Forensic analysis is used to find out if the levels of 
certain substances polluting a river exceed the permitted 
concentration. In this task, you will be carrying out a 
microtitration to find out if the concentration of chloride ions 
in a sample of water exceeds 0.05 mol/dm3.

6. Using a 1 cm3 bulb pipette and filler, transfer 1 cm3 of 
the sodium chloride solution into a small container (for 
example, a 50 cm3 beaker). 

7. Add a few drops of potassium chromate indicator to the 
solution using a dropping pipette.

 
Nitric acid is corrosive and silver 

nitrate is low hazard. Wear eye 

protection. Avoid skin contact with 

the solutions, wash hands at the 

end of the experiment.

TESTING FOR HALIDE IONS

Halide compound Colour of precipitate

Sodium chloride

Sodium bromide

Sodium iodide

Unknown compound

connector

plastic 
syringe

(10 cm3) 

microburette
(2 cm3 pipette)

chloride ion 
solution (1 cm3) 
with chromate 

indicator
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FORENSIC CHEMISTRY:

Activity A3

2 of 2

8. Attach a 10 cm3 syringe to a 2 cm3 graduated pipette – 
this is your microburette. Using the syringe draw up the 
silver nitrate solution (concentration 0.05 mol/dm3) into 
the microburette.

9. Use a stand, bosshead and clamp to hold the 
microburette in place. Put a white tile below the 
microburette and stand the beaker on it.

10. Note the starting volume of the solution in the 
microburette in a results table like the one shown.

11. Swirl the beaker while you slowly push the syringe 
down, adding silver nitrate solution dropwise to the 
beaker. When the solution turns red and stays red, even 
when you swirl, stop adding the silver nitrate. 

12. In your results table, note the new volume on the 
syringe and calculate your titre.

13. Repeat your titration at least twice more, until you have 
two concordant results. Calculate the mean titre from 
your concordant results.

14. Calculate the amount (number of moles) of silver 
nitrate added using the equation shown.

15. From the equation for this reaction, the amount of 
silver nitrate added is equal to the amount of chloride 
ions present in the beaker:

 AgNO
3
(aq) + NaCl(aq) → AgCl(s) + NaNO

3
(aq)

16. Calculate the concentration of chloride ions using the 
equation shown.

17. Does the concentration of chloride ions in the sample 
of exceed 0.05 mol/dm3? How confident are you in 
your result?

18. Why is it better to do more than one titration and 
to take a mean value? Why is it important to have 
concordant results?

TESTING FOR HALIDE IONS

Run
Volume at 
start (cm3)

Volume at 
start (cm3)

Titre
(cm3)

Rough

1

2
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FORENSIC CHEMISTRY:

Activity

1 of 1

A4

CHEMICAL PURITY

Pure chemicals (substances) melt and boil at precise 
temperatures, and there are chemical databases that 
contain values for the melting and boiling points of 
thousands of different substances. In this activity, you 
will find the melting point of a sample and use this 
information to identify it.

1. Get a test tube containing a sample of an unknown 
substance that is a liquid at room temperature.

2. Make an ice bath by half-filling a 50 cm3 beaker with ice, 
add a little tap water and stir in some sodium chloride 
(salt).

3. Put the test tube with the sample into the ice bath.

4. Make a note of the temperature every 30 seconds for  
5 minutes, or until the temperature remains the same for 
1 minute. Record your results in a table.

5. What temperature does the sample freeze at?

6. Now make a water bath by half-filling a 50 cm3 beaker 
with tap water. Take the test tube containing your sample 
out of the ice bath and put it into your water bath.

7. Make a note of the temperature every 30 seconds for  
5 minutes or until the temperature remains the same for 
1 minute. Record your results in a table.

8. What temperature does the sample melt at?

9. What do you notice about the temperatures at which the 
sample freezes and melts?

10. Your teacher will give you the boiling point of your 
sample. Use the data table opposite to identify the 
substance.

11. Look carefully at the data table opposite. Room 
temperature is about 20 °C. What state of matter is each 
of these substances at room temperature?

Substance Melting  
point (°C)

Boiling  
point (°C)

2-methylpropan-2-ol 26  78

Cyclobutane -91 13

Cyclohexane 7 81

Dodecanoic acid 45 397

Hexandecan-1-ol 49 334

Naphthalene 80 218

Nitrobenzene 6 211

Octadeconic acid 70 350

Volasil 244 17 176

Water 0 100

 
Your sample chemical could be 

hazardous, keep away from naked 

flames. Wear eye protection. 

Avoid skin contact with the 

sample chemical, wash hands at 

the end of the experiment.

ice bath

thermometer

test tube

sample

cotton wool
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FORENSIC CHEMISTRY:
CHROMATOGRAPHY

Activity

1 of 2

A5

Chromatography is an analytical technique that can 
be used to identify the components in mixtures. In this 
activity, you will dissolve samples in different solvents 
and separate the components as they pass through 
a stationary phase. Forensic scientists often use gas 
chromatography, in which a sample is vaporised before 
passing it over a stationary phase.

Task A   Paper chromatography
1. You will need a piece of chromatography paper with an 

ink mark from a crime scene. Draw a horizontal pencil line 
across the strip of paper through the ink mark. Label the 
ink mark with ‘S’ for suspect.

2. Now get the two pens (A and B) that have been taken 
from potential suspects. Using a pencil, put two crosses 
on the line so that they are about 5 mm apart, and label 
them ‘A’ and ‘B’.

3. Put a dot of ink from pen A on the centre of cross ‘A’. 
Put a dot ink from pen B on cross ‘B’.

4. Add about 10 cm3 of water to a 100 cm3 conical flask.

5. Wrap the top of the chromatography paper around 
the pencil and secure with sticky tape. Cut the 
chromatography paper to the right length (see the 
diagram), and carefully lower it into the flask, making sure 
that the solvent is below the pencil line. 

6. Observe carefully what happens to the solvent and the ink.

7. Which pen is the same as the suspect’s pen? 

8. Why do you think you should use pencil for the line and 
the labels?

9. Compare your chromatograms with other pupils in your 
class. Are your results reproducible?

pencil with 
chromatography 

paper secured 
around it

chromotography 
paper

conical �ask

solvent
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Activity A5
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FORENSIC CHEMISTRY:

CHROMATOGRAPHY

Task B  Thin layer chromatography (TLC)
The TLC plate used here is a sheet of plastic coated in 
adsorbent silica. This technique is quick and inexpensive and 
can be used to determine how many substances are in a 
mixture. By measuring the distances travelled it can be used 
to identify a substance.

10.   Put the TLC plate on a clean dry surface, with the 
white side facing upwards. Make sure to touch only 
the edges of the plate.

11.   Using a pencil and a ruler, draw a horizontal line  
(don’t press too hard) about 5 mm from the bottom  
of the TLC plate. Draw three crosses on the line 
marked A, P and ?.

12.   In three separate test tubes add crushed samples of 
aspirin, paracetamol, and the unknown tablet. Add  
2 cm3 of ethanol to each and gently swirl to dissolve. 
Dip a fine paint brush into the aspirin solution and 
put a spot about 5 mm diameter on cross ‘A’. Leave 
the spot to dry and repeat a few times. Repeat for 
the other samples, rinsing the paintbrush in ethanol 
between samples.

13.   Add about 2 cm3 of solvent (95% ethyl ethanoate, 5% 
glacial ethanoic acid) into a glass jar. Rest the TLC plate 
in the jar so that the solvent is below the pencil line, 
and put the top on the jar. Leave until the solvent has 
travelled about three-quarters of the way up the plate.

14.   Use tweezers to remove the plate and quickly mark a 
pencil line to show the solvent level. Then allow it to dry.

15.   Use tweezers to put the plate in a second jar 
containing a few iodine crystals and screw on the lid. 
Remove the TLC plate when dark spots are visible.

16.  Measure the distances travelled by the solvent and  
by each coloured spot of pigment. Record the results  
in a table, and use the equation to calculate the 
retention factor.

17.  Retention factors can be used to identify the substances 
in the mixture. Compare your results with other groups. 
What do you notice?

 
The solvents used are highly 

flammable and harmful. Avoid 

skin contact with the solutions, 

and wash hands at the end of  

the experiment.

Sample Distance 
travelled (cm)

Retention 
factor (Rf)

Solvent n/a

Aspirin

Paracetamol

Unknown

TLC plate

solvent

sample spot
A    P

Rf = distance that solvent has travelled (cm)
distance that substance has travelled (cm)
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1 of 1

For this research task, you can use textbooks, the internet or 
the information from Resource R1: Instrumental techniques 
fact sheets to help you.

1.  Look at the list of techniques in the table below. Find out 
what they are, their advantages and disadvantages, and 
the traditional methods that they replace.

2.   Record your research in a table like the one below.

3.   What are the general advantages and disadvantages 
of using instrumental techniques instead of traditional 
methods?

4.  Imagine that you are the chief scientist of the quality 
control lab of a steel plant. Write a letter to encourage 
the board of directors to give you some money to 
update your lab so that you are able to perform the 
latest instrumental techniques.

Rapid developments in computer technology have seen 
labour-intensive laboratory techniques being replaced 
by sophisticated instruments. In this activity you will 
consider the advantages and disadvantages of using 
different instrumental techniques.

INSTRUMENTAL TECHNIQUES

Instrumental technique What is it? Advantages Disadvantages Traditional method

Gas chromatography

Mass spectrometry

Atomic emission and 
absorption spectroscopy

Infrared spectroscopy

Ultraviolet spectroscopy

Nuclear magnetic
resonance spectroscopy
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Task A  Comparison prints
Once fingerprints from a crime scene have been collected 
they are compared with comparison prints taken from the 
suspects.

1.   Wash and dry your hands to make sure they are clean.

2.   Roll your right thumb on the ink pad, so that there is 
an even covering of ink from one side of the nail to the 
other, and just past the first joint.

3.   Roll your right thumb on the space on the results table. 

4.   Repeat for all your fingers. Wash your hands when you  
have finished. You now have made a set of direct prints.

FORENSIC CHEMISTRY:
FINGERPRINTS

Fingerprints are the ridges and dips on the ends of 
your fingers which stay the same from before you are 
born to the day you die. In this experiment you will 
investigate how different chemicals can be used to 
collect fingerprints.

Right thumb Right index finger Right middle finger Right ring finger Right little finger

Left thumb Left index finger Left middle finger Left ring finger Left little finger

ink pad
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Task B  Iodine
5.  Press your finger on the inside of a clean, dry boiling 

tube to make a latent (i.e. hidden) fingerprint. 

6.   Using a spatula put a few crystals of iodine in the boiling 
tube and then put a bung in the top.

7.   Half fill a 250 cm3 beaker with warm tap water. Put the 
boiling tube into the warm water. Look carefully at the 
top of the boiling tube where your latent fingerprint is. 
What do you observe?

8.  How does the iodine make the latent print become 
visible? 

Task C  Methyl cyanoacrylate (superglue)
9.   Hold a clean dry microscope slide in between your 

fingers to make two latent fingerprints on either side.

10.  Rest the microscope slide on the inside of a jam jar.

11.  Add three drops of superglue to the bottom of the 
jam jar. Put the lid on tightly, making sure the slide 
does not get glued to the jar.

12.  Put the jam jar into a warm water bath and leave for 
20 minutes.

13.  Look carefully at the slide. What do you notice?

14.  How does the methyl cyanoacrylate make the latent 
print become visible?

Task D  Drawing conclusions
15.  Give your comparison prints and your developed latent 

prints to another pupil. Ask them to suggest which 
of your fingers caused the prints. You may need a 
magnifying glass to help you.

FORENSIC CHEMISTRY:

FINGERPRINTS

 
Iodine is harmful. Wear eye 

protection. Wash hands at the end 

of the experiment.

 
Methyl cyanoacrylate (superglue) is 

an irritant and sticks skin together. 

Wear eye protection. Wash hands 

at the end of the experiment.

iodine crystals

boiling tube

latent fingerprint

bung

superglue

jam jar

microscope slide 
with latent 
fingerprint
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X1Activity A8
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Task A  Making the breathalyser 
1.  Using a measuring cylinder 

add 20 cm3 of potassium 
dichromate solution to 10 cm3 
of sulfuric acid and  
10 cm3 of silver nitrate 
solution. Swirl the liquid 
to make sure that all the 
chemicals are well mixed. 

2.  Tear off a small piece of 
mineral wool and put it into 
your breathalyser mixture. 
Allow the breathalyser mixture 
to soak into the mineral wool. 

3.  Using tweezers remove the 
mineral wool from the solution and push it into a Pasteur 
pipette. You have made a simple breathalyser. Use a 
clamp stand and bosshead to hold the breathalyser 
horizontally.

Task B  Testing your breathalyser
4.  Add a few drops of ethanol into a balloon and then blow 

it up. Secure the end of the balloon with a Hoffman clip.

5.  Put the opening of the balloon onto the end of the 
breathalyser.

6.  Let go of the balloon so that the ethanol and air mixture 
flows through your breathalyser. What do you observe?

7.  How could you prove that ethanol causes the colour 
change?

BREATHALYSERS

 
The first breathalysers used acidified potassium 
dichromate as the active chemical. Ethanol will 
chemically react with orange potassium dichromate and 
reduce it to green chromium ions. In this activity you 
will make and test a potassium dichromate breathalyser.

 
Potassium dichromate is toxic and 

sulfuric acid is an irritant, silver 

nitrate is low hazard and ethanol is 

toxic and highly flammable. Wear 

eye protection. Avoid skin contact 

with the solutions, wash hands at 

the end of the experiment.

balloon full of air 
with a few drops of 

ethanol

mineral wool soaked in 
breathalyser solution

graduated pipette 
(2 cm3 )
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Colorimetry can be used to determine the 
concentration of a coloured solution, by passing light 
through it and finding out how much is absorbed. In 
this activity, you will use a light sensor connected to a 
voltmeter that produces a reading proportional to the 
light intensity. By using known concentrations to make 
a calibration curve, you can find the concentrations of 
some unknown solutions.

Task A  Calibrating the colorimeter
1.  Connect the LED on the colorimeter to a battery 

pack, and the light sensor to a voltmeter (or digital 
multimeter).

2.  Use a pipette to add cola to a cuvette (a small sample 
tube) until it is three-quarters full.

3.  Put the cuvette into the colorimeter and switch on 
the LED and light sensor. Record the reading on the 
voltmeter.

4.  Using a measuring cylinder dilute the cola so that it 
is half (0.5), quarter (0.25), and eighth (0.125) of the 
original concentration.

5.  Record the meter reading for each of the different 
dilutions, and for pure water.

6.  Now use your data to draw a graph (concentration 
against meter reading), and draw a line of best fit. 
Which is the independent variable? Which is the 
dependent variable?

Task B  Determining concentrations
Your teacher will give you a selection of cola samples taken 
from a number of local restaurants. Trading Standards 
suspects that some restaurants are watering down the cola.

7.  Use your colorimeter to test the different cola 
samples. Use your calibration curve to work out the 
concentration of each of the samples. Record your data 
and conclusions in the results table.

FORENSIC CHEMISTRY:
COLORIMETRY

Concentration
(undiluted = 1)

Meter
reading (V)

1

0.5

0.25

0.125

0

Sample Meter  
reading (v)

Concentration 
(undiluted = 1)

SEP light 
sensor

cuvette

LED

colorimeter box
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Deoxyribonucleic acid (DNA) is found in every cell of 
the human body, and it differs from one individual to 
another. In this activity you are going to extract DNA 
from kiwi fruit and see how electrophoresis (a type 
of chromatography) can be used to visualise a DNA 
fingerprint.

Task A  Extracting DNA from kiwi fruit
1.  Peel and chop the kiwi fruit into small pieces.

2.  Half fill a large pestle and mortar with the kiwi and 
mash the fruit into a smooth paste. Why is it important 
to make the kiwi a paste?

3.  To make the extraction buffer, use a measuring cylinder 
to transfer 100 cm3 of tap water into 250 cm3 beaker. 
Using a top pan balance, measure 2 g of sodium 
chloride and 5 g of washing-up liquid into the water. 
Carefully mix the solution, taking care not to make it 
bubble.

4.  Add the extraction buffer to the kiwi and grind until 
well mixed.

5.  Put the kiwi mixture into a 250 cm3 conical flask and 
rest in a waterbath set at 60 °C for 15 minutes.

6.  Flute a piece of filter paper and put it into a filter 
funnel. Rest the filter funnel in the neck of a 250 cm3 
conical flask.

7.  Filter the kiwi mixture and put the filter paper and 
residue in the bin.

8.  Using a measuring cylinder, measure 100 cm3 of ice-
cold ethanol. Use a dropping pipette to slowly add the 
ethanol into your filtrate, letting the ethanol run down 
the sides of the conical flask. Look carefully at the 
interface between the aqueous layer (at the bottom) 
and the ethanol layer (the top). What do you observe?

FORENSIC CHEMISTRY:
EXTRACTING DNA

 
Ethanol is toxic and highly 

flammable, washing up liquid is 

an irritant. Keep the ethanol from 

naked flames. Wash your hands 

after completing this activity.

1

2 3

4
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Task B  DNA fingerprinting
Electrophoresis is used to separate large molecules 
that other faster separation techniques, such as gas 
chromatography, are not able to do.

9.  Your teacher will use a capillary tube to load dyed 
samples of DNA into the wells of the electrophoresis 
rig. The loaded gel is in a buffer solution.

10.  Next, your teacher will connect the rig to a high-voltage 
power supply, and leave it for about half an hour before 
turning off the high-voltage supply.

11.  Look carefully at the gel plates. What do you notice?

12.  Use secondary sources to make a flow chart to explain 
how DNA is collected from a suspect and a DNA 
fingerprint is made.

FORENSIC CHEMISTRY:

EXTRACTING DNA
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INSTRUMENTAL TECHNIQUES FACT SHEETS

Gas chromatography
Gas chromatography is used to separate mixtures of 
chemicals that can be vaporised without decomposing. 

A sample is vaporised and passed through a coil containing 
the stationary phase using an inert gas. Coils can be made 
of a stationary liquid which is absorbed onto an inert solid. 
Coils can have different liquids in them and have different 
lengths, depending on the type of chemicals you want to 
separate. By comparing the retention time of a sample with 
known chemicals, a sample can be identified. 

Often a mixture of samples is separated using this 
technique before undergoing further analysis such as mass 
spectrometry.

Mass spectrometry
Mass spectrometry can be used to identify an element 
and give the relative atomic mass of a sample. When this 
technique is used with compounds it can give the molecular 
mass and some information about the structural formula. 

A sample is injected into the machine where it is vaporised 
and turned into positive ions. These ions may break up 
into small ions. The ions are accelerated by an electric field 
before being deflected by a magnetic field. The ions hit a 
detector and a signal is created. A graph of (mass/charge, 
abundance) is produced by a computer connected to the 
mass spectrometer.
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Atomic emission and absorption spectroscopy
When certain metal ions are put into a flame they produce 
a characteristic colour. An atomic emission spectrometer 
analyses the frequencies and intensities of the light emitted, 
and this information can be used to identify the metal and 
determine the amount of it present.

Atomic absorption spectroscopy is a related technique, 
which can analyse the amount of a metal in a sample by 
determining how much light of a particular frequency is 
absorbed by a sample.

In the photograph shown here, a computer-aided atomic 
emission spectrometer is being used to analyse solutions 
containing precious metals. The technique can detect 
concentration levels as low as one in a million million parts.

Infrared spectroscopy
Infrared spectroscopy can be used to analyse a compound 
to determine the functional groups that are present. This 
qualitative technique does not destroy samples.

Infrared radiation is shone through a sample, and this 
makes the bonds vibrate. Depending on whether the bonds 
are saturated, unsaturated and the mass of the atoms, 
the vibrations happen at different energies. The energy is 
measured in wavenumbers, cm-1. Not all functional groups 
absorb energy in the IR region and therefore not all chemical 
bonds are represented in IR spectra.

In pure samples the ‘fingerprint region’ (below 1500icm-1) 
can be compared with databases to determine the 
compound present.

2 of 3
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Ultraviolet spectroscopy
Ultraviolet spectroscopy is mainly used for the quantitative 
determination of transition metal ions or complex organic 
chemicals. This technique also provides some limited 
information about the structure of a compound. 

This instrumental analysis involves shining UV and visible 
light through a sample. Different compounds absorb 
energy at different wavelengths. The energy absorbed 
causes electrons to be promoted to higher energy levels. 
The spectrometer records absorption of energy at the 
different wavelengths and this can be used to determine the 
concentration of a compound.

Nuclear magnetic resonance spectroscopy
Nuclear magnetic resonance spectroscopy is a qualitative 
and quantitative technique. It can be used to determine the 
relative numbers of certain atoms in a compound and the 
functional groups they are in. The most common NMR is 
proton NMR which detects hydrogen atoms.

NMR can only be used with atoms whose nuclei have a 
property called spin. Imagine that the nuclei are like little 
magnets. When they are put into the NMR machine, a 
large magnetic field makes all the nuclei line up in the same 
direction. The nuclei can be made to ‘flip’ to the opposite 
direction which is at a higher energy level. Measurements 
on the energy involved in this flipping gives information 
about the relative numbers and locations of the atoms in a 
molecule, and from this the structures of molecules can be 
found.

3 of 3
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Term Definition

Boiling point The temperature at which a liquid boils to become a gas or a gas condenses to become a liquid.

Breathalyser A device that measures the concentration of a alcohol in a person’s breath. 

Chromatography
A separation technique that uses an inert stationary phase and a mobile phase in which the 
sample is dissolved. 

Colorimetry
A quantitative analysis technique which involves shining light through a coloured solution. By 
measuring the amount of light which is transmitted, the concentration of the solution can be 
found.

DNA
Deoxyribonucleic acid which found in every cell - it is unique for every individual person (except 
for identical twins).

Electrophoresis A type of chromatography where electrical current is used to separate large molecules. 

Fingerprint A pattern made from the ridges of your finger. 

Forensic science
Scientific methods of analysis which are applied to matters that involve the public often for the 
purpose of the law.

Freezing point
The temperature at which a liquid freezes to become a solid. This is the same temperature as the 
melting point.

Halide A negatively charged ion of a Group 7 (on the periodic table) element.

Instrumental technique Using machines and computers to analyse samples of chemicals.

Melting point
The temperature at which a solid melts to become a liquid. This is the same temperature as the 
freezing point.

Microchemistry Chemistry using very small quantities of chemicals and very small equipment.

Precipitate An insoluble solid formed during a chemical reaction.

Qualitative Information based on qualities or characteristics of something, without a number being given. 

Quantitative Information which can be quantified by a number.

Retention factor
Known as R

f
 and is used in some forms of chromatography. It is the distance travelled by a 

chemical in the sample mixture compared to the distance travelled by the solvent.

Spectroscope 
An instrument which can be used to show or measure the intensities of different frequencies in a 
spectrum.

Spectroscopy 
A range of techniques that measure the intensities and frequencies of radiation emitted from or 
absorbed by matter.
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BACKGROUND SCIENCE
This section gives further information about why precipitates form when certain solutions are mixed together and 
about the testing of blood and DNA profiling.

WHAT CAUSES PRECIPITATION?
Many metal salts are soluble in water. Examples include sodium chloride (NaCl), potassium bromide (KBr), silver 
nitrate (AgNO

3
), sodium carbonate (Na

2
CO

3
), calcium chloride (CaCl

2
) and sodium hydroxide (NaOH). These 

compounds are ionic: for example, sodium chloride contains sodium ions, Na+, and chloride ions, Cl-, held together 
in a lattice structure. When sodium chloride dissolves in water, the ions separate and become hydrated (i.e. 
surrounded by water molecules that are attracted to the charged ions).

If solutions of sodium chloride and potassium bromide are added to each other, the mixture formed contains four 
kinds of ion in solution: Na+, Cl-, K+, and Br-. The original identity of the solutions mixed together has been lost, i.e. 
if equal amounts of sodium chloride and potassium bromide are mixed together, the result is indistinguishable from 
mixing together the same amounts of sodium bromide and potassium chloride in solution. No noticeable change 
occurs when these solutions are mixed together, but if sodium chloride and silver nitrate solutions are mixed, a 
precipitate of silver chloride forms. Silver ions, Ag+, and chloride ions, Cl-, are attracted together and form a lattice 
structure, and the sodium ions, Na+ and nitrate ions, NO

3
-, remain in solution.

Changes occur spontaneously when the total entropy of a system and the surroundings increases, i.e. when there 
is an increase in disorder. When sodium chloride dissolves in water, it becomes more disordered – the regular 
arrangement of the ions in the lattice is destroyed and the ions move around randomly in the water. This process 
occurs spontaneously because entropy increases due to matter becoming more disordered as the ions spread out in 
water. Precipitation, though, is a process which may appear more puzzling – how can solid silver chloride form from 
ions in a solution since, in this case, matter is becoming more ordered? The reason is that this precipitation reaction 
is exothermic, i.e. energy is given out into the surroundings, and energy becomes more disordered. This spreading 
out of energy is more significant than the ordering of matter, and causes the total entropy to increase during this 
change, and so the reaction is spontaneous.

Whether or not ions will come together to form a precipitate depends on the relative strengths of attraction of 
the ions for each other compared with the attraction of the ions for water molecules. The greater the relative 
strength of attraction of the ions for each other, the greater the tendency will be for the substance to be insoluble. 
Strictly speaking, a salt such as silver chloride is not completely insoluble since if it is put into water, the following 
equilibrium is established, though it lies very much to the left, with an extremely small proportion of hydrated ions 
in solution.

 AgCl(s)        Ag+(aq) + Cl-(aq)

The solubility product (K
sp
) is the equilibrium constant for the dissolving of a sparingly soluble ionic compound in 

water to give its constituent ions. The expression for silver chloride is:

 K
sp
	=	[Ag+(aq)]	[Cl-(aq)]

where	[Ag+(aq)]	and	[Cl-(aq)]	are	the	concentrations	of	sodium	and	chloride	ions	respectively.	The	solubility	products	
for the silver halides are shown in the following table (silver fluoride does not have a solubility product as it is very 
soluble in water). 

The solubility product for silver halides decreases as you go down the group, and thus precipitation occurs at a 
lower concentration of ions. Although the metal ion (silver) is the same in each case, the halide ion is getting larger. 
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These data suggest that the determining factor is the strength of attraction between ions and water molecules – 
the smaller chloride ion is more strongly attracted to water molecules than the larger iodide ion, and silver chloride 
is more soluble than silver iodide.

BLOOD AND DNA
Blood can be typed, which is an inexpensive and quick way to exclude groups of people as suspects from an 
enquiry. There are about 30 different blood typing systems, though ABO is the one often adopted for use within 
forensic science. This means that the population can have one of four types of blood: A, B, AB or O. The sample of 
blood is quickly analysed by using three separate test rigs, each primed with a different antibody to one blood type. 
When the blood samples are added, the test rig which shows a positive result by forming agglutinates (clumps) 
indicates the blood type present. This type of analysis produces class evidence and can only be used to narrow 
down the suspects to a group.

In order to individualise blood evidence, the DNA profile of the blood must be obtained. There are rare exceptions 
when a DNA profile will be identical between two individuals or different from samples taken from the same 
individual. Identical twins have the same DNA, and therefore would produce the same DNA profile. A chimera, 
although rare in humans, contains more than one type of DNA in different tissues. Therefore their blood DNA 
profile could give a different DNA profile to their bone marrow, semen or saliva. 

Using polymerase, a sample of DNA can be amplified, making analysis of a drop of blood the size of a full stop 
possible. The nuclear DNA is isolated and restriction enzymes are added which cut up the DNA into fragments. The 
DNA fragments are then separated in order of their size using electrophoresis. In the past, this process was used to 
separate metabolites of drugs from a sample of urine, but is now most often used to generate a DNA fingerprint 
from a sample of organic material at a crime scene. Electrophoresis is a type of chromatography used to separate 
large organic molecules. Mixtures of organic chemicals are loaded into inert gel plates covered in a buffer solution 
and a high-voltage direct electric current is applied. The negatively charged phosphate groups on the DNA are 
attracted to the positive electrode, and the molecules in the mixture are separated based on their size – the smaller 
molecules travelling faster. This enables samples of DNA to be compared in a similar way to the chromatograms 
produced in thin layer chromatography. After recovering DNA samples from a crime scene, comparison DNA profiles 
need to be made for suspects (as well as for people with a genuine purpose to be at the crime scene, such as the 
occupants of a house) in order to find matches for prosecution.

Substance Solubility product at  
saturation (mol2 dm-6)

    AgCl 1.8 x 10-10

    AgBr 7.7 x 10-13

    AgI 8.3 x 10-17
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REFERENCES AND FURTHER READING
Websites
Additional resources can be found on the SEP website (see page 51). Links to other particularly relevant websites are also listed on 
the SEP website. Some examples are given below:

RSC Chemistry Teachers (www.chemistryteachers.org) 
A complete database, collated by the Royal Society of Chemistry, of activities and experiments to support secondary school 
chemistry teaching. The resources include experiments on introducing forensic science and identification of chemicals such as 
drugs. 

Practical Chemistry (www.practicalchemistry.org) 
This website provides a wide range of chemistry experiments that illustrate concepts and processes, and that provide starting 
points for investigations. Technical information and teachers’ notes give advice on using the experiments in the classroom. There 
are a number of microscale experiments including microtitrations.

Wikipedia (http://en.wikipedia.org) 
There is an interesting article about forensic science in general that gives an overview of the different areas of science covered in 
this booklet and beyond. There is also information about the innovations within this field. Included are individual entries about 
the different disciplines within forensic science including forensic toxicology.

Books and other publications
Crime Scene to Court: The Essentials of Forensic Science 
White P C (ed.) (2008) Publisher: The Royal Society of Chemistry (ISBN 978-0-85404-656-0) 
This is written by separate authors, all of whom are prominent in their specialist area of forensic science or are crime experts. 
Each chapter deals with a different facet of forensic science and contains very high-level, though non-technical, material. This 
guide is designed for higher or further education students studying law or forensic science.

Forensic Science: A Beginner’s Guide 
Siegel J (2009) Publisher: Oneworld Publications (ISBN 978-1-85168-658-2)
This is an easy-to-read introduction to forensic science. It is written by a former forensic scientist, now a prominent academic, and 
his opinions shine through in a thought-provoking way throughout the book. It leads the reader from definitions of what forensic 
science is to focusing on key areas of forensic evidence and the techniques used to analyse them.

Microscale Chemistry: Experiments in Miniature 
Skinner J (ed.) (1997) Publisher: The Royal Society of Chemistry (ISBN 1-870343-49-2) 
This is a compilation of a number of commonly used experiments, but adapted for use on a microscale. It provides a context to 
the use of microscale techniques, and outlines the advantages and disadvantages. The bulk of the book is comprised of student 
sheets with a corresponding teacher guide.
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DOWNLOADING RESOURCES FROM THE SEP WEBSITE 

SEP produces a range of digital resources to accompany each of its 
publications. These are available from the ‘SEP Associates’ area of 
the website (www.sep.org.uk).

Membership of SEP Associates is free to all science teachers and 
technicians in UK schools. To join, fill in the online form on the 
website. SEP is wholly funded by the Gatsby Charitable Foundation, 
and joining SEP Associates entitles its members to additional 
benefits, including offers of free publications and other resources.

www.sep.org.uk

PDF files of student sheets

In addition to the whole booklet, 

the student activities are available 

as separate PDF files.

PowerPoint presentations

These contain the photographs and 

drawings shown in this booklet. 

They can be used to create custom-

made presentations.

Links to other sites

The SEP website provides links 

to other useful websites on 

this topic.

PDF file of booklet

On the SEP website there is a 

downloadable PDF file of the 

whole booklet that can be printed 

or viewed on screen.

Word files of student sheets

Each student sheet also exists as a 

Word file. These files can be edited 

in order to adapt the activities to suit 

individual circumstances.

Web resource sheets

The sheets can be printed and inserted 

into plastic pockets to use as templates 

for the microscale analysis tests.

Evidence comes in lots of different forms to the forensic chemist.
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Colorimeter box
SEP 260
The colorimeter box is made from 
a black plastic sheet which is 
folded along pre-scored lines to 
form the box shape. A white LED 
and five cuvettes are also supplied. 
The colorimeter is designed to be 
used with the MUTR light sensor 
(not included).

Light sensor
SEP 202
This light sensor produces 
an output voltage that is 
proportional to brightness. It can 
be used with a digital multimeter 
to give an indication of light 
intensity. (Includes battery box.) 
Requires 3 x AA batteries.

Colour mixing set
SEP 240
This pack contains a red, blue 
and green LED – each will light 
up when the LED legs are placed 
either side of a 3V lithium button 
cell (not included). The LEDs can 
be used with the colorimeter 
to select different colours to be 
passed through the sample in the 
cuvette.

Spectroscope
SEP 205A
This ultra-low cost spectroscope 
is made from a black plastic sheet 
folded along pre-scored lines. It 
uses	a	CD	or	DVD	as	a	reflective	
diffraction grating, and will clearly 
shows the characteristic lines in 
an emission spectrum. 

Other products
A number of other products useful for this topic can be purchased from 
MUTR, including 3V lithium button cells (for the colorimeter), disposable 
pipettes, tweezers and syringes.

SEP works in close partnership with Middlesex University Teaching Resources (MUTR) in 

identifying and developing low-cost practical resources to accompany its publications. Many 

other resources for school science and technology can also be purchased from MUTR.

The latest prices of the products shown below and further information can be obtained 

from www.mutr.co.uk, or by requesting their latest catalogue. Orders can be made by post, 

telephone, fax or email by providing an official school order number or by credit card.

OBTAINING THE PRACTICAL RESOURCES



You can download the written materials in this booklet, and find further 
information from: Science Enhancement Programme www.sep.org.uk

The Science Enhancement Programme (SEP) is part of Gatsby Technical Education Projects. 
It undertakes a range of activities concerned with the development of curriculum resources 
and with teacher education. 

You can order a range of practical resources to support the teaching  
of forensic chemistry from Middlesex University Teaching Resources..

Gatsby Science Enhancement Programme
Middlesex University
S37 Stable Yard
Bramley Road
London N14 4YZ
Email: info@sep.org.uk
Web: www.sep.org.uk

Teaching Resources
Middlesex University
Unit 10, The IO Centre
Lea Road, Waltham Cross
Hertfordshire EN9 1AS
Tel: 01992 716052
Fax: 01992 719474
Email: sales@muventures.co.uk
Web: www.mutr.co.uk

www.sep.org.uk
Published by the Science Enhancement Programme
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