RUC, October 2006

Quantum Chemistry & Spectroscopy.

Problem 11
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The hydrocarbon methylenecyclopropene (C4H4) is a very reactive species, but in 1984 Staley og Norden (J. Am. Chem. Soc. 106, 3699 (1984)) succeeded in preparation of the compound by trapping it in a cryogenic matrix. In this problem we perform a population analysis of the -electron system of methylenecyclopropene within the Hückel model. The computed molecular orbitals (MOs) 
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and their energies i are given below:
	-2
	=
	
	–
	1.48
	
	-2
	=
	0.30
	p1
	+
	0.30
	p2
	–
	0.75
	p3
	+
	0.51
	p4

	-1
	=
	
	–
	1.00
	
	-1
	=
	0.71
	p1
	–
	0.71
	p2
	
	
	
	
	
	

	1
	=
	
	+
	0.31
	
	1
	=
	0.37
	p1
	+
	0.37
	p2
	–
	0.25
	p3
	–
	0.82
	p4

	2
	=
	
	+
	2.17
	
	2
	=
	0.52
	p1
	+
	0.52
	p2
	+
	0.61
	p3
	+
	0.28
	p4


a) The -electron population
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 is a measure of the -electron density on the atomic centre .  The summation is over all MOs i and ni is the occupation number of the i’th MO (we have 
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 where N is the total number of electrons in the -system).   Compute the four -electron populations P for the ground configuration of methylene-cyclobutene, and for the lowest excited configuration 
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.  Discuss in qualitative terms how the transition energy is expected to be influenced by a shift from apolar to polar solvent. Experimentally, an extremely large solvent effect is observed: max = 309 nm in n-pentane and max = 210 nm in methanol.
b) The -electron bond order
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is a measure of the -electron density in the bond between the centres  and .  There is an approximate, empirical correlation between experimentally determined bond lengths 
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 and Hückel bond orders 
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 for conjugated hydrocarbons:
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Compute the bond orders 
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 for the ground configuration and for the lowest excited configuration of methylenecyclopropene. Is the usual constitutional formula for the compound consistent with the computed bond orders?  What change in bond lengths is predicted by excitation from the ground configuration to the excited configuration?
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