TSTC Electronic Structure Lecture 6

Excited States
McWeeny, “Methods of Molecular Quantum Mechanics” 2™ Ed

Chs.13&14
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Linear Response: Leveraging the Ground State
Suppose ¥ depends on some parameters p, and determine ¥, by:

minE[p]= <‘P[p*] >%“P [P>

%—%&—-< _‘_}_’o)=0

Add a time dependent term to H:
H()=H+¢(1)A

What will ¥(t) be?

-?>(+) = ‘PA-* I(+)
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Time Dependent Variational Principle (TDVP)
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Now, we guess a form for d(t
d(t)=Xe ™ +Y
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Re-arrange:
A B X o vV 0 X
B A Y 0 -V Y
H C =B S C

w= AE; (excitstion energ y)

Same derivation applies to any variational energy function:

E= nl}lanR‘P[P] ¥q])]
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Examples:
LR-HF (aka TDHF, RPA)
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Theorem (Runge-Gross) For a system that starts in the ground
state and is subjected to a one-body potential v(r,t), there is a
one-to-one correspondence between v(r,t) and p(r,t).

PH) D Everything!
in Principle Execd.

Present TDDFT functionals have trouble with...

R
Charge Transfer <—>
Excited States @ 0

Source of problem: SIE (CT states come out too low)
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Where are double excitations here?

Solution: iéz; EEZ; [ § ):“’[ (1) _01 J[ § ]

Conical
Intersections

Note: The conical intersection problem is a general
“feature” of linear response methods. The ground state
can never “know” that the excited state is there.

Suggested Further Reading: Dreuw and Head-Gordon, “Single
Reference Methods for the calculation of excited states of large
molecules”, Chem. Rev. 105, 4009-4037 (2005).




