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Mendeleev and the Periodic Table

In the early 1800's, about 30 elements were known and although chemists knew that some of these elements behaved in similar ways, no one had found an overall pattern in their behaviour.  Several chemists, notably the German Johann Döbereiner, spotted groups of elements that had similar properties.  Examples were lithium, sodium and potassium, and chlorine, bromine and iodine.  However, no one could see an overall pattern.

In 1864, with around 50 elements known, the British chemist John Newlands spotted a pattern when he arranged the elements in order of atomic mass.  He noticed that the properties of the elements seemed to repeat every eighth element.  He called this the "law of octaves" comparing it to musical scales.  
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His ideas were not accepted at the time, and it was even said that he might as well have arranged the elements in alphabetical order.  Newlands' order went wrong after calcium.  For example, the very unreactive copper was in the same group as the highly reactive lithium, sodium and potassium.  

In 1869, Dimitri Mendeleev, a Russian chemist, devised a Table which is the basis of the Periodic Table as we know it.  His basic idea was the same as Newlands' (although he did not know about Newlands), but he realised that there were elements that had not been discovered yet and left gaps for them (shown by * below in his Table).
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Mendeleev went further and used the patterns in his Table to predict the properties of the elements he thought had yet to be discovered.   Three of these elements were discovered in the next few years and his predictions were very accurate.  The table below shows Mendeleev's predicted properties of the element between silicon and tin (that he called "eka-silicon") and the actual properties of germanium (discovered in 1886).

	
	"eka-silicon" (Es)
	germanium (Ge)

	appearance
	grey metal
	grey-white metal

	melting point
	over 800(C
	947(C

	atomic mass
	72
	72.3

	density
	5.5 g/cm3
	5.47 g/cm3

	formula of oxide 
	EsO2
	GeO2

	formula of chloride 
	EsCl4
	GeCl4


In devising his Table, Mendeleev did not stick completely to the atomic mass order.  He swapped the order of some elements round.  For example, he swapped iodine (I) and tellurium (Te) round because iodine fitted better with fluorine, chlorine and bromine than tellurium did.  He thought that the atomic masses of these elements had been measured inaccurately.  We now know that the elements are not all in atomic mass order, but although he did not know it, Mendeleev had actually placed the elements in order of atomic number.

Mendeleev's table was accepted because many of his remarkable predictions about undiscovered elements proved to be correct.  His table has been modified as more elements, including the noble gases, have been discovered, but it is his structure that we use today.

1)
a)
In what order did John Newlands arrange the elements?
(1)

b)
What did he discover when he arranged them in this way?
(1)


c)
Give two examples of columns where some of the elements are grouped together as they are today.
(2)

d)
Look at the group containing copper and comment on the position of copper.
(1)

e)
Why were Newlands’ ideas ignored at the time?
(1)
2)
a)
What two things did Mendeleev do differently to Newlands?
(2)


b)
What convinced people that Mendeleev's table was useful?
(2)


c)
Mendeleev did not put all the elements in atomic mass order.  What order did we later discover he had placed them in? 
(1)

d)
Describe some important differences between Mendeleev's original table and the one we have now.
(3)

