M olecular Orbitals

The molecular orbital (MO) approach seeks to costr
orbitals for the bonded system.

Approximate wave function solutions are construetsec
Linear Combination of Atomic Orbitals (LCAQ).

For diatomic molecules, AB, these LCAO MOs have the
general form

Y, =ay, + byg ¥, =ay, —bys

If S> 0, a bonding MO results; $< 0, an antibonding
MO results.



L ocalized MOsfor BeH,

A localized MO approach takes pairs of adjacentnatand
uses matching AOs to form bonding and antibondir{gsiv

A localized MO approach is an extension of the Vé&ded.

Both approaches seek to partition the overall sdect
density into separate orbital-based regions.

Contours at 0.01, 0.07, 0.13, 0.19, and 0.25

H"—Be—H'

Usingsp hybrids on Be andslorbitals on the two H atoms
we form the following localized MOs:

61 = a[sp(1)se + b[1s,]
G, = a[sp(2)gel + b[1sy]
o5 =a[sp(1)ed - b[1s,]

o5 = a[sp(2ed - b1s,]



Qualitative Localized MO Scheme for BeH,
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v The twon" MO are just the unuseg 2rbitals on Be, perturbed
by the presence of the two H nuclei.

i The equal-energy MOs in this scheme are an artifact of the
way in which the problem was set up, rather than an
experimentally verifiable result.

v A more realistic representation of the electrorrgies is
obtained by taking delocalized MO approach, in which
electrons are not constrained to atom-pair b@nasori.



General MO Approach for M X, Molecules

To construct delocalized MOs we write LCAOs thantmne
central-atom AOs with combinations of pendant-af0s,
called SALCs:

Pvo = ayao(M) + bysy o(NX)

SALC = Symmetry Adapted Linear Combination
Wsac =G £ Gy, £ Gy = ... £ Gy,

SALCs are constructed with the aid of group theand those
SALCs that belong to a particular species of tloigrare
matched with central-atom AOs with the same synyrtetr
make bonding and antibonding MOs.



1.

General Method Using Group Theory
Setting Up the Problem and Forming SALCs

Use the directional properties of potentially 8oy orbitals on
the outer atoms (shown as vectors on a modelpasia for a
representation of the SALCs in the point grouphef molecule.

Generate a reducible representation for all ptessSSALCs by
noting whether vectors are shifted or nonshifte@agh class of
operations of the group. Each vector shifted tghospace
contributes O to the character for the class. Eacishifted
vector contributes 1 to the character for the classector
shifted into the negative of itself (base nonshitbeit tip

pointing in the opposite direction) contributesdelhe character
for the class.

Decompose the representation into its compometucible
representations to determine the symmetry spetikeo
SALCs. The number of SALCs, including members of
degenerate sets, must equal the number of AOs tekdre
basis for the representation.

Determine the symmetries of potentially bondiagtcal-atom
AOs by inspecting unit vector and direct product
transformations listed in the character table efghoup.
Remember that amorbital on a central atom always transforms
as the totally symmetric representation of the grou



General Method Using Group Theory
Forming LCAO MOs

5. Central-atom AOs and pendant-atom SALCs withstrae
symmetry species will form both bonding and antidiiag
LCAO-MOs.

6. Central-atom AOs or pendant-atom SALCs with uaiqu
symmetry (no species match between AOs and SALALR) f
nonbonding MOs.



General MOsfor BeH,

Forming the Hydrogen SALCs
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| dentifying the Central Atom (Be) AO Symmetries

From the listed unit vector transformations in hg character

table
s=%y p,=%" .p) =1
2," Be XZformsc ands” combinations withb, SALC.
Y, Be 2, formsc ands” combinations withb, SALC.
II,, Be 2, and 3, (I1,) are a degenerate pair of nonbondifig

MOs.



Delocalized LCAO MOsfor BeH,
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Cut-Away M odels of BeH, Bonding and Antibonding M Os
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Qualitative Delocalized MO Scheme for BeH,

Be BeH, 2 H (SALCs)
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iz Separate energy levels for the two bonding eleqgirs is a
more realistic representation, consistent with plagens in
many other MX cases.



Guidelinesfor Constructing M O Schemes

Bonding MOs always lie lower in energy than thélonding
MOs formed from the same AOs.

Nonbonding MOs tend to have energies betweeretbbs
bonding and antibonding MOs formed from similar AOs

. Pi interactions tend to have less effective overtemsigma
interactions. Therefore;bonding MOs tend to have higher
energies than-bonding MOs formed from similar AOs.
Likewise,n” MOs tend to be less antibonding and have lower
energies than™ MOs formed from similar AOs.

. MO energies tend to rise as the number of nauzeases.
Therefore, MOs with no nodes tend to lie lowest Hrose with
the greatest number of nodes tend to lie higheshergy.

Amongo-bonding MOs, those belonging to the totally
symmetric representation tend to lie lowest.



