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Junior Sophister PCAM

PCAM –Introduction to Hückel Molecular Orbital Theory and the Simulation of Π-Conjugated Systems:

Experiment Ib:Treatment of heteroatoms

Dr. D. A. Mac Dónaill

dmcdonll@tcd.ie
Introduction to Computational Quantum Chemistry

In the previous section we introduced Hückel theory for carbon based π-sytems.  In this practical we extend and apply the theory for non-carbon based atoms, hereroatoms.

We remember that the information regarding the potential experienced by electrons is contained in the secular determinant.  [In the particle-in-a-box model this describes the depth and shape of the box].  In the Hückel approximation (for a 3-orbital system) the secular determinant becomes
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We remind ourselves that the Hijs are energy terms
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The diagonal terms, Hii, represent the energy of a carbon p-orbital, while the off-diagonal terms, Hij, represent the interaction between orbitals.  In Hückel theory we made the assignments Hii = α, and for adjacent (interacting) orbitals we set Hij = (.

The Hückel Approximations for Heteroatoms

Heteroatoms differ from carbon in having different atomic orbital energy levels (among other things).  We may define another parameter to describe this.  Taking the case of N



[image: image4.wmf]t

f

f

d

H

H

i

i

ii

ò

=

ˆ

 = αN
N is more electronegative than C, and a p-orbital on N would have a lower energy than a corresponding p-orbital on C.  We could define its energy relative to the corresponding energy of a C p-orbital, and it is convenient to make use of the parameters we have already defined: ( and (.  We may write


αN = αC + 1.0 (
or more generally, for non-carbon p-orbitals,

αX = αC + hX(
Obviously the precise value of hX depends on the particular atom.  Less obviously at first perhaps, it also depends on the number of electrons an atom puts into the ( system.

Similarly the interactions between different atomic orbitals may differ from that between two carbon p-orbitals.


(XY =  kXY (
[See back page for typical values for kXY and hX.]

Consider the following example from today’s practical
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Reasonable 5(5 determinants describing the π-sytem are given by
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and
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are provided as input in the form: 
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and
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Note also that the system contains 5 orbitals and 6 electrons (1 from each C and 2 from the N)

Two reasonable but different input data sets for pyrrole are given below:
	Pyrrole – simple input
	Pyrrole – input corresponding to above determinant

	pyrrole C4H4NH

5  6
1.5

1.0 0.0

0.0 1.0 0.0

0.0 0.0 1.0 0.0

1.0 0.0 0.0 1.0 0.0


	pyrrole C4H4NH

5  6
1.5

0.8 0.0

0.0 1.1 0.0

0.0 0.0 0.9 0.0

0.8 0.0 0.0 1.1 0.0




Ensure that you full understand the difference between the two versions of the input file.
B Experimental

N.B. You should retain copies of all your input and output files to enable you to answer the Questions in the write-up

For sections I-III of the practical you are required to generate input matrices for the molecules shown below; use the second (and more straightforward) of the (above) input data sets for pyrrole as a model. Pay particular attention to the number of electrons that the heteroatom(s) contribute to the π-system. Be sure that you are able to answer the ‘Write-up’ questions before moving onto section IV.

I  Simple Heteroaromatic Systems


[image: image10.wmf]N

 

H

 

N

 

O

 

A

 

B

 

C

 


II  Simple Heteroaromatic Isomers
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III Simple Heteroaromatic Isomers
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Write up (Sections I-III)

1 Compare the MOs and MO energies of molecules A and B, commenting on the differences.
2 Compare the MOs of C with those of benzene.
3 How many electrons does the N atom contribute to the π-system in (i) B and in (ii) C ?
4 Which of the molecules D, E or F is most stable? Can you offer an explanation? 

5 Compare the orbital energies of G with those of benzene. Comment on the origin of orbital degeneracy.
IV Keto-Enol Tautomerisation

Keto-enol tautomerisation is an important phenomenon in organic chemsitry and molecular biology.  The following systems, H-M, show the keto-enol tautomers for ortho- meta- and para-substituted heteroaromatic rings. 

Using Hückel calculations, predict whether the keto or the enol form of each of the three pairs shown below is more stable.
(NB : Note that the number of electrons contributed to the π-system - which now extends beyond the 6 atoms of the ring - is different for the N atom in the keto and enol forms, and likewise for the O atom. Look at the dots to indicate electron contributions in molecules H and I).
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Write-up (Section IV)

6. Prepare a table of the total energies of the π-systems in molecules H-M (in terms of () and comment on the relative stability of the keto and enol forms.

Appendix: Heterocyclic molecules - Parameters

With heterocyclic molecules we need to modify both the diagonal and off-diagonal elements of the Hamiltonian matrix as follows: 

For a bond XY:
βXY = kXYβ

For an atom X:
αX = α + hXβ

	You will also have to count the number of π-electrons in the molecule and input this to the program, as this is no longer equal to the number of atoms as it is with hydrocarbons. The values of k will have to be input for all bonds. For C-C bonds, k = 1. You will be asked to input the h value for the heteroatoms (non C). Some values of k and h are given in Table 1:
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The number of dots on or adjacent to an atomic symbol indicates the number of electrons contributed by that atom to the π -electron system, e.g. pyridine-type nitrogen atoms contribute a single electron whereas pyrrole-type nitrogen atoms contribute two electrons.

Examples:
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