Boranes

General remarks:
A Borane is a chemical compound of boron and hydrogen. The synthesis of the boranes, identification of their structure and bonding principles and the development of their chemistry began in 1910 with the work of Alfred Stock. Most of them are high reactive and they immediatly oxidize on contact with air. So a chemical glass vacuum line (Stock-apparatur) is needed for the synthesis.
Synthesis of Boron Hydrides:

Today the synthesis of diborane B2H6 is done by compounds like LiAlH4 or NaBH4 and these materials are prepared in reactions of metal hydrids with diborane or boron trihalides.
Diborane can be obtained from NaBH4 and boron trifluoride, from LiAlH4 and boron trichloride, or with reduction of boron trihalides with hydrogen
3 NaBH4 + 4 BF3   →   3 NaBF4 + B2H6   (also possible with LiAlH4)

BCl3 + 3 H2   →   ½ B2H6 + 3 HCl

The simplest method is hydride abstraction from BH4-.
BH4- + BX3   →   ½ B2H6 + HBX3-   (X = Cl, Br)

In the same way B5H11 can be obtained from B4H9-. Higher boranes can be formed by controlled pyrolysis of diborane which leads to a mixture of higher boranes. These higher boranes react in the same way like B2H6.
Structures and Bonding:
There are three important structures of boranes (closo-, nido- and arachno-) .In this structures the boron atoms are occuping the corners of a polyhedron in which the boron atoms can be bound together or not. These structures are so called cage structures.  
a) closo – BnHn2-    b) nido – BnHn+4   c) arachno – BnHn+6  

Examples: 

a) B6H62- is closo-type and the 6 B’s lie on the corners of a octahedron

b) B5H9 is nido-type and the 5 B’s lie on the corners of a square pyramid where one corner is removed
c) B4H10 is arachno-type and the 4 B’s lie on the corners of an octaherdron where two corners are removed 
Boranes have an electron-deficient, but they are coordinated by four atoms. This is the reason why they are forming unusual bonds, because there are not enough electrons to form the bonds. The dicription of the bonding in higher boranes was formulated by William Lipscomb and is as follows:
3-center 2-electron B-H-B hydrogen bridges and 3-center 2-electron B-B-B bonds

Wade Rules

A second method to determine the geometry of boranes are the Wade rules. The Wade rules are a correlation between the number of electrons , the formula and the shape of the molecule. To use this method, the total number of valence electrons that are forming the bonds must be determined (n = Number of boron atoms).
	Valence electrons
	structure
	Example

	4n + 2
	closo
	B6H62-

	4n + 3
	nido
	B5H9

	4n + 4
	arachno
	B4H10


Example: B5H9 = 5 x 3e- (B) + 9 x 1e- (H) = 24 e-     →        arachno - structure
Tasks: 
1.) Sketch the molecule B2H6 and show the different bonding between the hydrogen and boron atoms?
2.) Which structures (closo, nido, arachno) do the molecules B5H8 , B4H42- and B10H14 have?
