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Conical Intersections and Photochemistry Computational details
The concept of a conical intersection (CX) goes back to the 1930s. [1] However their importance as Gauss.lanOS [5] was used to generate CX branching coordinates for.the. plottm.g of PESS- CAS SCF.
very fast funnels for non-radiative relaxation in photochemical reactions was only fully recognized calculations were carried out [3] for an active space of four electrons in five orbitals in 6-311G** basis
in the 1990s. et

* SF-TDDFT has been implemented in the Grenoble development version of deMon2k. [6]
Results and discussion
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Interest in taking advantage of the efficiency of TDDFT calculations to investigate photochemical NAC 0 5 aD (For a,b,c [3]and d]7])
.reacti.ons has been increasing. A potential .obstacle to this applicat.ion is the nonexistence of a CX b) CIS ¢) TDDFT/TDA d) SF-TDDFT/TDA
in adiabatic TDDFT [2], though an approximate CX can be found in at least some cases. [3] p AT,
The fundamental difficulty is the lack of double excitations in adiabatic TDDFT. In this work we try
to surmount this problem by using spin-flip (SF) TDDFT. ~ |
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This means that the potential reacts instantaneously and without memory to any temporal

change in the charge density. For plotting, two branching coordinates namely energy difference gradients ( g“ J )) and non-adiabatic

TDDFT working equation A B|\X ) — ( 1 0 )(X ) coupling vectors (p(1./)) are computed using the relations q
Bx Ax/\Y| "lo —1/|y 0y L 0H _ 0H R =l OH ~
g, =Ci——C,—-C,; q "oq "’
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A, p=(€,—€:)0,;05+ 0P, B, 5= oP, Comparing of Fig. 4b-d with Fig. 4a, the SF-TDDFT/TDA most resembles a true CX, but is displaced
’ from the CASSCF CX.

AA => A and B are independent of . * Due to the lack of explicit inclusion of two-electron excitations in CIS calculations, a true CX is absent
TDDFT/TDA in Fig. 4b.

AX=wX
* Somehow TDDFT is able to approximate a CX in Fig. 4c, but convergence is difficult due to

_ L . . o noninteracting v-representability problems and the local behaviour very close to the CX is incorrect.
A => number of solutions is size of matrix = number of single excitations

* Even though the dimensionality of the intersection space and the rapid variation of the S1 energy near

Two-orbital model for TDDFT excitations Two-orbital model for SE=TDDET excitations the CX is not described correctly, inclusion of some doubly-excited character allows the formation of a
true CX (Fig. 4d.)

-f— a —l— a ‘T—l‘ a 41' a * QOur results show the suggestion of Levine et al. [2] that the SF-TDDFT/TDA method could be used for
* ‘s . # | ;. ; # | locating CXs has its strong points (existence of a true CX, ease of convergence) and its weak points
] aqlg ag lg i — ag 1, g d, l . e . . . .
\ / \ / (position of the CX, lack of potentially important configurations.)
* To understand the performance of SF-TDDFT, calculations have been done for another choice of
—_ .

Spin-Flip Traditional Spin-Flip ‘ Spin-Flip triplet reference state. The result (not shown) is that the ground state minimum shifts towards the origin,
however the quality of the excited-state potential energy surfaces is degraded.
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* TDDFT could be an inexpensive alternative to ab initio methods, but conventional adiabatic TDDFT

_‘_ i _*_ i I % ;. | ‘ !. fails to describe correctly the doubly-excited states.

* (Calculations has done using the SF-TDDFT/TDA method in the CX region. There does indeed appear
Note: TDDFT and SF-TDDFT generate different sets of configurations. to be a CX in roughly the right place but the accuracy needs improving.
Pros: SF-TDDFT calculations give access to some double excitations
Cons:SF-TDDFT (i) may miss some interesting configurations
(ii) may lead to impure spin states.

* QOur implementation of SF-TDDFT in deMon2k uses the LDA. Use of GGAs might give better results
(but we do not know this).

* A general method is needed for the inclusion of double excitations and at the same time have all
possible excited state configurations.

Noncollinear SF-TDDEFET [4]
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