SALCsfor Hybrid Orbitals
Applying Projection Operatorsto a Set of Hybrid Orbitals

v/ Applying a projection operator to a reference florcof
the basis set projects a SALC that is an LCAO lof al
members of the set:

Pip; < § < Cip; £ Cp, £ ... £C 0,

v When we formulate hybrid orbitals with the aid obgp
theory, the basis set is the desired hybrids. éfbes,
applying a projection operator to a reference l/brbital,
¥,, would project the SALC for the AO with that syntnye
as a function of all the hybrid wave functioHs,... ¥,

PY, <« S(AO) « a,¥, xa,¥, + ... +a,'¥,

v What we want is the hybrids defined as SALCs of the
conventional wave functions of all component A@s,..
Wn:
W o< byyyy £ byy, + by,

% We can use the properties of inverse matricesnverd the
expressions for the AOs as SALCs of the hybrids int
expressions for the hybrids as SALCs of the AOs.



|nverse M atrices
® MatricesA andB are inverses of each other if
AB=AA'= BB =E

whereE is the identity matrix, a diagonal matrix whose
elements are; =J; (I.e., all 1's along the trace).

e If AB=AA"'= B'B =E, thenA andB are orthogonal to one
another, and one is the transpose of the otherbj.e a;.

The row elements &k are the column elements Bfand vice
versa.

Example:
o -1 000 10 100
1 0 -1 00=/1010
0 0 140 01 |00 1




Inverse M atrices
e If X =AY andY =BX, thenA andB are inverses of each
other, and the elementsBfcan be written by taking the
transpose oA.

Example:

Given the equation
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Applying Inverse Matrix Relationships

We know the symmetry species of the AOs comprigaing
hybrid set.

We can apply projection operators for each spdoies
reference hybrid to obtain expressions for the A®s
SALCs of the hybrids. (Alternately, we can apig t
operators to a reference function of a set of sigeradant-
atom functions with the same geometry.)

If we rewrite this set of equations as a matrixatmun, we
will have an expression of the form

[AOs] = [A][Hybrids]
What we want is an equation of the form
[Hybrids] = [B][AOS]

What we want is the reverse of what we haved smdB
are inverses of each other. Knowing the coeffisi¢nat
make up the elements Af we can write the coefficients
that make up the elementsB®by taking the transpose of
A.

Once we know the form &, we can write down a set of
equations for all the hybrids as SALCs of the A®isere
the coefficients are the elements of Bieatrix.



SALCsfor Hybrid Orbitals
General Procedure

Taking then hybrid orbitals as a basis set, construct and
decompose a reducible representafigpto identify the
appropriate conventional orbitals to be combined.

Using the hybrids themselves or an equivalenvfset
pendant atom sigma orbitals as the basis set, dpply
projection operators for each of the irreducible
representations comprisiig,, to a representative function
of the set to obtain expressions for the conveationbitals
as LCAOs of the hybrids. Normalize all functions.

Combine the equations obtained in step 2 infogles
matrix equation, using the coefficients to form the n
transformation matriA. Take the transpose & to form
the transformation matrits.

Write a matrix equation for the hybrids by apptytheB
matrix to a column matrix of the conventional oakst
written in the same order as in the previous matrix
equation. Expand the matrix equation to obtaiatabfn
equations, one for each hybrid orbital.



SALCsfor Hybrid Orbitals
Equationsfor sp® Hybrids

B

Lpy =A + T,

© We have previously applied projection operatora set of
four hydrogen atoms to make SALCs for bonding in,CH
The geometry is the same as a tetrahedral sgf bf/brids.
Therefore, our previously obtained equations ferkh
SALCs of methane have the same forms as the expnedsr
the AOs as SALCs dp’ hybrids.

S=Y2(Vp+ W + ¥ +¥p)
Py = YoV — V¥ + ¥ —¥p)
Py = Yoo — W — ¥ +'¥)p)
P, = Y2(¥p + Vg -V —¥p)

iz Written in matrix form, these become the singleataun

Fa

S| o w1
Pyl |22 -1 1 15 |Pp
p| |% % - Y|P,

\PD

P Yo Yo Yo -V
_Z_ - -




SALCsfor Hybrid Orbitals
Equationsfor sp® Hybrids

Taking the transpose of the operator matrjxwve form the
matrix B:

Yo Yo Vs U] 7R 7R
Yy Vs Yo -1 Yo Y -1 1
v Y Y Y| % Y% Y% Y
Y Yy Y Y Yo -V Yo Y

Using this, we obtain

Yal 1 1 1 1S
Yol | -1 -1 1| |Px
v [ % -1 -y D,
w | %% % -,

Using the elements of th& matrix as coefficients, we
obtain the following individual equations for thgnids:

Ya="6+p+p,+p)
Yeg="%26-R—-RB*+P)
Yo=2%6+p—-p—p)

\PD:1/2(5_9<+py_pz)



