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The abbreviation UNO-CAS stands fonrestrictedNatural Orbitals (UNOs,U) — Complete
Active Space. It is defined as full configuration interactiperformed in the active space. The
active space is readily defined as that of the UN@th significant fractional occupations
(between 0.02 and 1.98). The method was originaihposed by J. M. Bofill and P. Pulay as an
ab-initio method and an inexpensive alternative to the CAF-g§omplete active space—self-
consistent field) method. [1] UNOs together witkittoccupation numbegs can be obtainedia
diagonalization of the total UHF density matBX (sum ofa- andp-density matrices from UHF
calculations)j.e. solving the eigenvalue problem: [2]

Sl/2PTsll2(Sll2U) — (SllZU)G (l)

where the UNOs are the eigenvectors and the odongadre the eigenvalues Bf andS is the
atomic orbital (AO) overlap matrix. If the lattex wnity, equation (1) is simplified to: [2]

P'U =Uc (2)

Here we extend formalism to obtain the semiempirigdlO-CAS method with the additional
possibility of performing configuration interactisimgles (CIS) as well as CI singles and doubles
(CISD) in the active space, which we call semiempir UNO-CIS and UNO-CISD,
respectively. The UNO-CIS method is obviously cotapanally much cheaper and allows us to
perform calculations for relatively large moleculegh active spaces that include more than a
hundred orbitals.

For instance, this method can predict the optiealdogapsKg) of the substituted polyyne series
in good agreement with available experimental dajaThe choice of orbitals to be used in
conventional semiempirical Cl calculations is nbvious and it can be a significant problem to
determine a reasonable number of orbitals as tiebau of triple bonds in the polyyne series
changes. However, UNO-CIS allows this number todegrmined automatically. Moreover,
UNO-CIS band gaps are generally in better agreemvéht experiment than those calculated
using conventional semiempirical CIS with the saramber of orbitals. Thus, UNO-CAS can be
used successfully to predigf values for unknown species and therefore to moe®l materials
especially in the field of nanoelectronics.
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