
 
The Physical Sciences Initiative                                                    
 

 
The  history of the concept of element, with 
particular reference to Humphry Davy 
 
 
One of the problems highlighted when the recently implemented 

chemistry syllabus was being developed was the difficulty caused by 

starting the teaching of the course with atoms. The new syllabus offers a 

possible alternative teaching order that starts at the macroscopic level, 

and deals with elements. If this is done, the history of the idea of elements 

is dealt with at a very early stage. 

 

 

The concept of element originated with the ancient Greeks, notably 

Empedocles, who around 450 BC defined elements as the basic building 

blocks from which all other materials are made. He stated that there were 

four elements: earth, air, fire and water. Substances were said to change 

when elements break apart and recombine under the action of the forces 

of strife and love. 

 

 

Little progress was made in this area until the seventeenth century AD. 

The fruitless attempts of the alchemists to change base metals such as 

lead into gold and to find the “elixir of life” held back progress, although 

much chemical knowledge and expertise was gained. In 1661,  
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Robert Boyle defined an element as a substance that cannot be broken 

down into simpler materials. He cast doubt on the Greek elements, and 

provided a criterion for showing that a material was not an element. 

 

 
 Robert Boyle 
 

 

 

 

 

 

 

Many elements were discovered during the next 100 years, but progress 

was delayed by the phlogiston hypothesis. According to this hypothesis, 

when a substance was burned it lost a substance called phlogiston to the 

air. Near the end of the eighteenth century, this hypothesis was finally 

discredited, allowing the French chemist Antoine Lavoisier in 1789 to 

draw up a list of elements then known. This list included 22 materials 

which are still recognised as elements today, but also included heat and 

light, as well as other materials now known not to be elements such as 

lime, magnesia, barytes, alumina and silica. He was doubtful about some 

of the “elements” on his list - he stated that “These things, which we at 

present suppose to be simple, may soon turn out to be otherwise”. His list 

did not include caustic soda and potash, even though they had not been 

decomposed at that time, because he felt that these materials were very 

likely to be broken down in the future. 
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 Humphry Davy 
 

 

 

 

 

 

The next advances were due to Humphry Davy (1778-1829). Davy was 

at the age of 19 apprenticed to a pharmacist and began the experimental 

study of chemistry - the house where he lived soon resounded with 

explosions from the attic. He was next appointed superintendent of a 

laboratory set up in Bristol to study gases for their medicinal effects. One 

of the gases he tested was nitrous oxide (laughing gas). Davy breathed 

two quarts of nitrous oxide from a silk bag – the effect was like being 

drunk or semi-delirious, but in a very pleasant way. His reported results 

led to regular student “activities” in chemical laboratories throughout 

the nineteenth century! Another effect of breathing nitrous oxide - it 

stopped one of his wisdom teeth aching when he breathed it - led (about 

50 years later) to its use as an anaesthetic for minor operations. Davy 

was lucky not to kill himself with some similar experiments on carbon 

monoxide. 

 

Davy was next appointed lecture assistant at the Royal Institution in 

London, and soon became interested in electrochemical methods. He 

noted the discovery of the decomposition of water using a battery 

(Voltaic pile) by Nicholson and Carlisle in 1800. He concluded that it 

should be possible to break down other substances by the same means. 
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He improved the design of the Voltaic pile. In 1800 he found that the 

electrolysis of water produced a 2:1 ratio of hydrogen to oxygen. He 

found the same result with a solution of caustic potash.  

 

Davy’s electrochemical experiments were interrupted due to the pressure 

of other work for a number of years, but in 1807 he electrolysed a barely 

moist solid sample of caustic potash, and produced small globules of a 

shining metal which rapidly burst into bright purple flames. He wrote in 

his notebook in large letters “Capital Experiment” and was observed 

dancing with joy around the laboratory. This must have been one of the 

more dramatic moments in the history of chemistry. He recorded what 

happened in his notebook as follows: “The globules [of potassium] often 

burnt at the moment of their formation, and sometimes violently exploded 

and separated into smaller globules, which flew with great velocity 

through the air in a state of vivid combustion, producing a beautiful effect 

of continued jets of fire.”  

 

Three days later, he isolated sodium from barely moist solid caustic soda 

using the same method. He tried and failed to isolate magnesium and 

calcium using the same approach. 

 

He later (in 1808) used a mercury electrode in the electrolysis of the 

minerals baryta and strontia, and obtained amalgams of barium and 

strontium respectively. He then obtained the free metals barium and 

strontium by distilling off the mercury. In 1808 he also isolated calcium 

and magnesium. 

His success in isolating these elements led him to believe that 

electrochemical methods could break down even more stable 
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substances. He wrote to a friend: “ I hope, on Thursday, to show you 

nitrogen torn to pieces in different ways.”  Needless to say, his attempts 

were unsuccessful, and he also tried and failed to decompose carbon, 

sulphur and phosphorus. 

 

Other techniques led to an increase in the number of known elements. Of 

these, probably the most important was the development of flame tests 

and the use of a spectroscope to analyse flame colours by Robert Bunsen 

and Gustav Kirchoff in the 1850s; this led to the discovery of elements as 

different from each other as helium and caesium.  

 

The next major step in the development of the concept of element was 

due to the English physicist Henry Moseley. In London (in 1913), he 

investigated the X-ray spectra of certain elements. He found in all cases 

that the atomic nucleus of each element had a characteristic positive 

charge. He called this charge the atomic number. 

 

  Henry Moseley 
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Moseley arranged elements in order of their atomic numbers, and found 

that this eliminated the anomalies in Mendeleev’s original periodic table, 

such as the placing of Te before I despite the fact that Te has a greater 

atomic weight. The discovery of the atomic number also made possible a 

more advanced definition of an element: A substance all of whose atoms 

have the same atomic number. 

 

Glossary: 

 

Lime = CaO or Ca(OH)2 

Magnesia = MgO or Mg(OH)2 

Barytes = BaSO4 

Alumina  = Al2O3 

Silica = SiO2 

Laughing gas = N2O 

Caustic potash = KOH 

Caustic soda = NaOH  

Baryta = BaO 

Strontia = SrO 

 

 


