
How do we know 
it’s Richard III?
Isaac Bruce examines the chemical 
techniques used to verify the discovery of 
Richard III’s remains

Chemistry review is edited in the Department 
of Chemistry at the University of York, with 
a number of proud Yorkshire lads and lasses 

heading up the team. The remains of the last king 
from the House of York, Richard III (1452–1485), were 
recently discovered beneath a car park in Leicester.

Whether you see him as the villainous caricature 
of Shakespeare’s play or as a just monarch hard done 
by history, what is certain is that Richard was killed at 
the Battle of Bosworth and no one was quite sure what 
happened to his body. Some reports said it was flung 
into the river, some say it was buried in the (long since 
lost) church of the Grey Friars in Leicester.

After years of research and campaigning, historians 
and academics from the University of Leicester pointed 
archaeologists towards a council car park in Leicester, 
and digging commenced in August 2012.

The first set of remains found were to turn out 
to be those of the king — but proving this would 
involve painstaking analysis, relying on two chemical 
techniques: carbon dating and DNA testing.

Carbon dating
Carbon dating is a technique used to discover the 
age of carbon-containing materials, and is accurate 
to within a range of dates in the past 40 000 years. 
Humans are full of carbon, so this technique can be 
used to determine the age of bodily remains, and has 

been used to date Ötzi the iceman, the Turin shroud, 
the Dead Sea scrolls and many other artefacts.

Carbon has two stable isotopes, 12C and 13C, and an 
unstable isotope, 14C, which is found in trace amounts. 
Carbon-14’s half-life (the time taken for the quantity 
to fall to half of the initial value) is relatively short 
at around 5730 years. It would no longer be present 
on Earth were it not for nitrogen’s interaction with 
neutrons (produced by cosmic rays in the atmosphere):

14
7N + 10n → 146C + 11H

While an organism is alive it continuously takes in 
14C from the environment, but at the point of death the 
radiocarbon clock starts ticking, as the 14C undergoes 
radioactive beta decay. In beta decay a neutron in the 
nucleus of an atom is converted to a proton and an 
electron. The electron that is emitted is referred to as a 
beta particle. During beta emission the mass number 
of the atom remains the same, but the atomic number 
increases by one. Carbon-14 decays to produce nitrogen:
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14
6C → 147N + 0
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You can calculate the age of a specimen by measuring 
the proportion of 14C atoms left in the material.

Measuring the material
This is carried out using accelerator mass spectrometry 
(AMS). The sample is burned completely and the 
resulting carbon dioxide is collected. This is reduced 
to a solid carbon target for measuring carbon ions in 
the mass spectrometer. The method is so sensitive that 
only a few milligrams of carbon are required.

The initial AMS step separates the pre-accelerated 
ions using a low-energy mass spectrometer. When 
the ions enter the accelerator, there is an interface 
comprising of either gas or thin carbon foil, which 
changes the species from negative to positive ions. The 
now positively charged species are accelerated away 
from the highly positive centre that originally attracted 
the negative ions. The particles move into a second 
mass spectrometer, where they are further separated 
and identified (see www.llnl.gov/str/Holloway.html).

Something fishy
Carbon dating of the bones from the Leicester car 
park initially revealed dates between 1412 and 1460. 
Richard III died in 1485, so this was not promising.

However, the proportion of carbon-14 is not 
consistent throughout nature. There are differences in 
the levels between marine and terrestrial environments. 
The scientists discovered that the individual whose 
bones they were analysing had eaten a high-protein 
diet (expected of a king), including seafood, which 
accounted for the discrepancy in the date. Once the 
effect of the seafood was accounted for, a date between 
1475 and 1530 was obtained — a promising result, but 
it didn’t prove that the skeleton was Richard III.

DNA testing
In order to confirm the find, the scientists sequenced 
DNA from the skeleton’s tooth and compared it with 
that of Michael Ibsen, whose family tree can be traced 

Weblinks to follow up
For more information about the history, archaeology 
and science behind the search for Richard III’s remains, 
visit: www.le.ac.uk/richardiii

back through 17 generations of women to Richard III’s 
sister, Anne of York (see www.tinyurl.com/cvnufsg). 
This direct female line means that Michael Ibsen’s cells 
contain copies of the same mitochondrial DNA (which 
is always inherited from the mother and not mixed 
with DNA from the father) as Anne and Richard’s 
mother, Cecily Neville, and hence Ibsen shares his 
mitochondrial DNA with Richard III.

DNA has four different bases: adenine (A), cytosine 
(C), guanine (G) and thymine (T), which are paired 
up by hydrogen bonding (A with T and C with G, 
see Chemistry review, Vol. 22, No. 4, p. 34). It is the 
sequence of these bases in two variable regions of 
mitochondrial DNA that enables scientists to identify 
maternal relationships.

The first step in the process is to extract the tiny 
amount of mitochondrial DNA from the sample 
materials, which then needs to be amplified by 
the polymerase chain reaction (PCR) to produce 
enough DNA to analyse. For an in-depth look at 
mitochondrial DNA sequencing, including the PCR, 
see: www.dnajunction.com/technology/mtdna.php

Confirmed
On 4 February 2013, it was confirmed beyond 
reasonable doubt that the remains were Richard III’s 
and therefore that he did have a hunchback. As for 
his general nature, we’ll leave that for the historians 
to debate, but as he was from the House of York, we 
Yorkists will give him the benefit of the doubt.
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