RUC, October 2006

Quantum Chemistry & Spectroscopy.

Problem 12
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In this problem we perform population analyses of the -electron systems in 1,3-butadiene and acroleïn within the Hückel model.
a) Write the secular equations and the secular determinant for the -electron system of butadiene (the equations must not be solved).
b) Below are given the molecular orbitals (MOs)
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and their energies i determined by solution of the secular problem defined in question a).  
	-2
	=
	
	–
	1.618
	
	-2
	=
	0.372
	p1
	–
	0.602
	p2
	+
	0.602
	p3
	–
	0.372
	p4

	-1
	=
	
	–
	0.618
	
	-1
	=
	0.602
	p1
	–
	0.372
	p2
	–
	0.372
	p3
	+
	0.602
	p3

	1
	=
	
	+
	0.618
	
	1
	=
	0.602
	p1
	+
	0.372
	p2
	–
	0.372
	p3
	–
	0.602
	p4

	2
	=
	
	+
	1.618
	
	2
	=
	0.372
	p1
	+
	0.602
	p2
	+
	0.602
	p3
	+
	0.372
	p4


Show that the -electron populations 
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 for the ground electronic configuration of butadiene all are equal to unity,  P1 = P2 = P3 = P4 = 1.  This is a general result for neutral alternant hydrocarbons, i.e., conjugated hydrocarbons with no odd-membered rings. The Hückel model thus predicts that these compounds are distinctly “non-polar” (in contrast, e.g., to the results for methylenecyclopropene, se Problem 11). Is this prediction in agreement with experimental evidence? 
c) Determine the -bond orders 
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 for butadiene, and compare them with the experimentally determined bond lengths R12 = R34 = 1.34 Å and R23 = 1.48.
d) The -system of acroleïn is isoelectronic with that of butadiene, but deviates by containing a heteroatom, namely the oxygen atom in the carbonyl group. It is well known that oxygen has a much larger electronegativity than carbon. Within the Hückel model, differences in electronegativity may be taken into account by adjustment of the parameters involving the hetero centre:  The Coulomb integral for the O-atom is taken as O = C + hOCC and the resonance integral for the C-O bond is taken as CO = kCOCC.  Here C and CC are the standard parameters ( and ) used for hydrocarbons.  In the literature, several suggestions of adequate numerical values of  hO and kCO may be found (as well as corresponding values hX and kCX for other heteroatoms X). The most frequently applied values for carbonyl type oxygen are hO = 2 and kCO =
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. Write the secular equations and the secular determinant for acroleïn with these values for hO and kCO.                                                            (continued overleaf)
e) Below are given the molecular orbitals (MOs)
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and their energies i determined by solution of the secular problem defined in question d).  
	-2
	=
	
	–
	1.593
	
	-2
	=
	0.400
	p1
	–
	0.636
	p2
	+
	0.614
	p3
	–
	0.242
	p4

	-1
	=
	
	–
	0.386
	
	-1
	=
	0.686
	p1
	–
	0.264
	p2
	–
	0.584
	p3
	+
	0.346
	p3

	1
	=
	
	+
	1.152
	
	1
	=
	0.605
	p1
	+
	0.696
	p2
	+
	0.198
	p3
	–
	0.331
	p4

	2
	=
	
	+
	2.826
	
	2
	=
	0.071
	p1
	+
	0.199
	p2
	+
	0.493
	p3
	+
	0.844
	p4


Compute the -electron populations for acroleïn in the ground configuration, and compare with the corresponding results for butadiene. How is acroleïn polarized, compared with butadiene? Are the predictions in agreement with chemical intuition?

f) In general, an electrophilic reagent has a deficit of electrons, and a nucleophilic reagent has a surplus of electrons. On the basis of the predicted electronic distribution, how would you expect acroleïn to react with an electrophilic and a nucleophilic reagent?  Compare with characteristic chemical reactions for ,-unsaturated carbonyl compounds.
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