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overview

In this work we have used Hiickel Theory to determine the MOs of
a few members of the homocyclic aromatic class of compounds
such as

Benzene
Napthalene

Anthracene
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Tetracene



Huickel theory

Huckel molecular theory..

» introduced by E. Hiickel in 1930
» provides the framework for more sophisticated MO treatments

» assumes that the 7 system of conjugated molecules may be
treated independently of the o bonding



Hickel theory contd....

the approximations

» All overlap integrals are set equal to zero.

> All resonance integrals between non-neighbours are set equal
to zero.

» All remaining resonance integrals are set equal to 5 .



theory

» Using the variational principle we minimise the molecular
orbital energy of a conjugated 7 system.

> We get a system of equations called the secular equations.

(Haa — EiSan) cia+ (Hag — EiSag) ci
(Hea — EiSga) cia+ (Hes — EiSeg) cip =

H— ( Haa HAB) S _ < Saa Sas > c-:< CiA >
Hga Hps Sga Ses ' Ci.B

In the simple Hiickel formulation S = | because adjacent overlap
integrals are neglected.



So the secular equations expressed in the form of a matrix equation
is: HC = SCE

By diagonalising the Hiickel matrix we get the energy eigenvalues
of the molecules. Note that H comprises elements H;; where

Hii = a which is the energy of the carbon-2p orbital in this case,
and all adjacent pairs are 3. Thus it naturally follows that H can
be represented in terms of the adjacency matrix A thus:

H=al+3A



benzene

The Hiickel matrix for benzene is:
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Diagonalising the above we get the following eigenvalues:
a—2B,a—ﬁ,a—ﬁ,a+ﬁ,a+ﬁ,a+2ﬁ.

From this we see that the delocalisation energy of benzene which is
the energy gap between the nonaromatic cyclohexatriene and
benzene is 23. We got ( from delocalisation energy of benzene —
calculated delocalisation energies of the other benzenoid species.



benzene: MOs

$1 -1 -1 -1 1 -1
b2 1 0 1 0 1
o3 | | -1 1 0 1 o0
e 1 -1 -1 -1 1
b5 -1 0 1 0 1
o6 1 1 0 1 0

¢s are the MOs, s are the carbon 2p orbitals.
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napthalene

Huckel matrix:

a g 0 0 0 O O O 0 g
86 o« B 0 0 0 0 0 0 O
0 8 a g 0 0 0 B 0 O
0 0 B a B8 0 0 0 0 O
0 0 0 8B a p 0 0 0O
0 0 00 B a p 0 0O
0 0000 B a B 00
0 0 B0 0 0 B a p O
0 0 000 O 0 B8 o p
B 0 0 0 0 0 0 0 B «

The eigenvalues obtained were: x —y,x+y,3(2x —y —

VBy), 2(2x+y —VBy), 3(2x —y + VBy), 3(2x + y + VBy), 3(2x —y —
V13y), 3(2x +y = V13y), 3(2x — y + V13y), 3(2x +y + V13y)
delocalisation energy of napthalene: 43 ~ 72 kcal/mol which is
quite close to experimental value of 62 kJ/mol



anthracene

Hiickel matrix:

Woooo0000O0OO0CO0OWmR
ODO0OO0O00O000O0O0OWR ™
CoOmMOoOOoOOoOoOOO0OOWR WO
cCcoococowmoocowWR WO o
OCooo0oo0c0O0OWR WOooo
Ooooo0o0OoOBR WmOoooo
OCoooo0cOoOMRWooooo
cCoocooowWR WoOooooo
OCoocoRR Wooow}o oo
cocoomMRl Woooooooo
cowmPl mWmoooooooooO
ocwmPwmoOoOO0OO0OO0O0OmO O
WP moOoo0o0o00000O0O
PRooooooococo0coom™

The eigenvalues obtained were:
X =20, X =Y, X =Y, X + Y, X+ ¥, X +2y,x = V2, x = V2y,x =y —
V2y, X +y = V2y,x + V2y,x +V2y,x =y + V2y,x + y + V2

the delocalisation energy of anthracene = 5.313 = 95.57 kcal/mol
which is quite close to experimental value of 84 kcal/mol



tetracene

Huckel matrix:

Mooooooooo0oooo0o0coo® Y

[eR-NeNoNeNeNeNeR-NeNoNe N Xe NeRulic ol

coMoooooooo0o0ocoMINO
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[=NeNeNeNeNeRulJui-NeoNeNoNoNeNe N}
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JNoOoO0O00O0O00O0O0O00O0O0O0ON

18 eigenvalues were obtained (too numerous to list here); however

it shows the same pattern as napthalene and anthracene.



other things

Other things we could have found out are:

> electron density g, = Z bjf:f“.
Jj=1

n
» bond order P, = g bjcj.cjv
j=1

Here b; is the number of electrons in MO v}, and ¢j,, is the
coefficient of the MO 1);.



heterocyclic stuff

The Hiickel formulation can also be applied to heterocyclic
molecules such as pyridine. Just a little tweaking to the o and 3
values is needed:

> « now has an excess term of h3 over the original Hiickel
ac_c; so ayn_n would be aoc_¢ + hB.

» (3 is now written as kB¢c_c.

h and k values for C-N systems have been found by Streitweiser,
and we have used those values.

h and k depends on number of atoms donated by heteroatom to
m-conjugated system. More atoms donated, more should be «; also
higher electronegativity — less « since « is minus of the ionisation
potential (and IP, EN have good +ve correlation)



heterocyclic stuff: pyridine

The Hiickel matrix for pyridine is:

(a+hB) kg
k3
0
0
0

kp

The obtained Eigenvalues are
o +2.10758, o+ 1.1678,a + 3, — 0.8413, e — 3, — 1.9343 The
delocalisation energy = 2.003 , same as benzene !
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graphs

As we have already seen, the Hiickel matrix and the adjacency
matrix have a one-one relationship H = al 4+ BA. Studying
similarities between various adjacency matrices can help us
understand classes of molecules too.

Graph theory has deeper connections with physical chemistry than
that which can be gleaned at first sight. We have only skimmed
the surface. An example that for alternating hydrocarbons, the
energy eigenvalues will be symmetrically distributed about 0. This
is known as the pairing theorem.



conclusion

In this project, we investigated the Hiickel MO theory for
determining some parameters of planar aromatic (benzenoid)
compounds viz. benzene, napthalene, anthracene and tetracene. In
particular we used the one to one relationship between the
adjacency matrix and the Hiickel matrix to derive the energy
eigenvalues of the compounds and from that the delocalisation
energy. Other things we could have found out are the electron
density and bond order.

There are graph theoretical approaches to study symmetry in
molecules and glean useful information from them. Possible future
directions in which this project can be extended can be observation
of the graph theoretical framework which unites these apparently
dissimilar molecules (and predict their properties too).
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