TSTC Electronic Structure Lecture 4

Density Functional Theory
Parr&Yang 3,7&8

Theorem (Hohenberg-Kohn): If the ground state is not
degenerate, the ground state density, p(r), determines the
potential, v(r), up to an additive constant and vice versa.

Proof: v(r)—p(r). v determines H. H determines ¥y, since the ground
state is not degenerate. ¥, determines p-.

p(r)—v(r). Assume the contrary and look for a contradiction. Then there
are two potentials, v{ and vy, that differ by more than an additive
constant but give the same ground state density. Call the associated
wave functions ¥4 and ¥,. Then, consider ('Pllﬁzl ¥,). By the variational
theorem, this must be = £,/ (the ground state energy of H,). But:

(P, |0,)¥)=(¥,| - ZV%Z‘ ‘+v(r) W)

=(v,| - ZV%Z |+v(1r)+(v L) -v,) [¥))

i<j

= E(gl) + <lP1 |(V2 (r)—v, (l’)) |lP1>
=El+ Jp(r)(vz(r) —v,(1))d’r > E

Here, the strict inequality holds because the potentials differ by more
than a constant (so that the wave functions are not the same) and we
know that the ground state is unique. Similarly:

(WA, =...= EJ1+ [ p(r) (v, @) = v,(r))d’r > E)
Combining the two inequalities, we must then have
[ p(x)(v,@) = v,@0))d’r > E! - EY!
and
EP—El> Jp(r)(vz(r)— v,(r))d’r
These inequalities cannot both be true and so we have reached a
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The Kohn-Sham ldea:

p(1)=3J6,(x) <= Single determinant
i=1

E[p(x)]= i<¢"|_%avu2 +;(r)|¢i>+ | qu dr, + Em [»f’ )
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CProperty  HF L PA

IPs and 0.5 eV 0.5V
EAs
e -1% + &%
Lengths
VIbF‘GTIOI’}G' +10% -0 70
Frequencies
Barrier - - 4_57
Heights St o
Bond o
Energies 207 + ,00?’

Generalized Gradient Approximation

EZ[p]= | F(p.Vp)dr
Be_"'l‘?r?‘\YSiCS @Df V&f]i"j PES
BLYP, PBE

How do we get F(p, Vp)?
\) Neaﬂ/ Uniform f=s —2 ()(f‘)= p +Jpcr)
L5 Recoer UEL when TUp 0

2) Atomic datn  pCr)~ e

3) ?hysial Constraints
L Dimensional ‘.acal;vj
Ly Sumrdes (xc hde)
"f) Emp{ricism
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| Property | _HF | GGA | _MP2 | ccCsD(T

IPs and EAs +0.5eV F0%ev +0.2 eV +0.05 eV

LeBrsg;tis -1% + ) % +1 pm +0.5 pm
vedloww i -5% s

ﬁ?ﬂ:ﬁ; +30-50% —56%  +10%  *2kcal/mol

Er'?;’;?es 50% 410 K=l 410 kealimol 1 keal/mol
Obvious next step: Meta (or hyper-) GGAs N

E [ p]= JF(p,Vp,Vzp,T,..)dr 7(r)= Z:“V(pi (r)‘2

Dasesrt improve much.
TPSS, MOL, Vsxe

H.ybridS
E Lp1=<h) +§ PL”%?,\QMQE;'“ + BV E”

bILYP
Why?



