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General rules for selecting active
orbitals: atoms and atomic ions

2" row elements: 2s and 2p (more than 4 valence
electrons skip the 2s).
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General rules for selecting active
orbitals: atoms and atomic ions

3" row elements: 3s and 3p (more than 3 valence
electrons skip the 3s).
As the sp* hybridization is reduced down the
periodic table do not include the s-shell.
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General rules for selecting active
orbitals: atoms and atomic ions

15 Transition Metals: 4s, 3d and 4p (more than 5
d-electrons might need 4d — double-shell effect).
For higher row TMs the double- sheII effect Is
"reduced~




General rules for selecting active
orbitals: atoms and atomic ions

Lanthanides: 4f, 6s, 6p and 5d
Actinides: 5f, 7s, 7p and 6d
Be careIuI wrt double-shell effects for the {-orbitals
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General rules for selecting active
orbitals: atoms and atomic ions

For Rydberg states: include these in the active
space.

Note: use Rydberg specific basis sets!



General rules for selecting active
orbitals: Molecules

ook for:

e “correlating pairs”. o-o*, T-11*, etc.
* orbitals of the excited state: n and Rydberg
* “equivalent” partners

What Is the process we are studying?

Some sloppy rules:

* CH bonds can be inactive

* All p orbitals in unsaturated molecule

* Rydberg orbitals for excited states above 5 eV



Orbital Representation

After we have selected the active space (x-in-y),
which is an intellectual challenge, we have to
generate It, this iIs more of a technical challenge!



Orbital Representations:
atomic orbitals
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Orbital Representations:
localized molecular orbitals

Localized occupied and virtual SCF orbitals, respectively.



Orbital Representations:
the SCF orbitals

The SCF orbitals are delocalized!
Virtual orbitals are not well defined!

Note that these orbitals are from a minimal basis calculation.



Orbital Representations:
the SCF orbitals

The SCF orbitals are delocalized!

Useless for localized processes (e.g. |
abstraction)




Orbital Representations:
the virtual SCF orbitals

Virtual Orbitals are not well define!
The six lowest virtual SCF 11 orbitals in a triple-¢
basis.



Orbital representations:
Strategy

 Use localized orbitals, AOs or MOs

* Do never use SCF orbitals

e Start with a MB basis and expand

 Double check all the time!

* Protect your orbitals once you have found them
* Be paranoid



Same-but-Different

The MCSCF solution to a specific active space Is
nhot unique!

Demonstration:
For butadiene we would like to study the
fragmentation process of:
a) CisHs —» 2 CoHs
b) CsHs —» CsH4 + CH>
In both cases we will have the 4 1t orbitals active
together with the correlating pair of the bond
which we are breaking (0-0%*), that Is a 6-In-6 CAS
In both cases.



Same-but-Different:
The Starting Orbitals

The Tt-space: 9.

The correlating pairs in the o-space:

e ue

CsHs - 2 CoH3 CsHs - CsHs + CH>

By carefully selecting the starting orbitals | select
the “most likely” CASSCF solution.



Same-but-Different:
The CASSCF Orbitals

CiHs - 2 CoHs3 CsHs - CsHs + CH>

B|ngO! Note the active space on the right does not preserve equivalent
methyl bonds.



Dirty Tricks:
Active Space Stabllization

The

mathematic

(local)
solution to *.-

the MCSCF ...

equations are

those that
have strong
correlating
pairs.

1.50

The o bonds and lone pairs are the general problems.



Dirty Tricks:

Two near-degeneracies destabilize the (local)

mathematical solution:

* Active orbitals with an occupation close to 2

* Active orbitals with an occupation close to O
The orbitals can slip into the inactive or the virtual

space, respectively.

We need to have a mathematical model for which
the occupation number are not close to 2 or O!



Dirty Tricks:

The solution to the problem is SA-CASSCF!

t
t

"he SA-CASSCF occupation numbers depend on
ne average occupation numbers of all the states

nat are included in the calculation.

-Stabilize o orbitals by including a state in which

you have some excitation out of the o orbita

-Stabilize n orbitals by including a state in which
you have some (n-o* or) n-1t* excitation.

This trick is only possible if you start with the
correct active orbital manifold!!!



Summary

* Different orbital representations

* Be careful with SCF orbitals - expand

e Standard AO active orbitals

* MO active orbitals

* Localized starting MO orbitals

* The solution to the MSCF eq. is not unique!!!
* Tricks
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