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Hartree-Fock

Mean-field theory to solve the electronic Schrodinger equation
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Hartree-Fock

Assuming non-interacting electrons yields Hartree product
Wgp (X1, X2, -, Xn) = X1(X1)x2(X2) - - - Xn(Xn)

But this approach does not satisfy the antisymmetry principle
X1(x2)x2(x1) = —x1(X1)x2(X2)

With a Slater determinant however, It Is.
Slater determinant:

xi(x1) xe(x1) -+ xn(x1) - Electrons are indistinguishable
L - Every electron in every orbital
U = N X1(‘X2) X2('X2) . XN(_XQ) - Equivalent to mean field treatment
v N! : : £ : - Satisfies Pauli exclusion
x1(xn) xo(xwn) -+ xn(xwn)




Hartree-Fock

Electronic energy expression

E., = (U|H,|T)
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Ha =Y h(i) + Y v(i, j) + Vaw hii) = —=V>- %" v(i, j) =

i<j 2 A TiA Tij

Can be cast in integral form

Epp =) (i|h]i) + 5 > “liilj4] — [id]7i]
1]

@ (ilhlg) = [ dxaxi (x0)h(rn)x; (1)
1

Anti-Symmetry [ |kl] = /dxldXQX;(xl)Xj(X1>T_DXI:(X2)XI<X2)



Hartree-Fock

Solution

hx)xi(x)+ 3 | [ dal;(xa)lri | xita) -

por #Z {/ dxzxj (Xz)X;(Xg)ru] Y (X1) = €xi(x1)

Coulomb term Exchange term

Ji(x1) /dx2|X; (x2)[*r15 Kji(x1)xi(x1) = [/dxzx;(xz)rlexi(m) X;(X1)



Hartree-Fock

Solution

[h(xl) + ng(xl) - Z}Cj(xl) Xi(X1) = €xi(x1) [\Z(Xl) — }Ci(xl)] X?:(Xl) =0

[h(xl) +Y " T(x1) Kj(xl)] Xi(X1) = €xi(x1) Solved numerically by optimizing orthonormal orbitals

Fock operator 7



Roothaan equations

Take

Xi(x1) = €xi(x1)

[h(xl) + Z Ji(x1) — Kj(x1)

J

And solve in a basis set

K
— Z C)m-)zu f(xl) Z Cm')zu(xl) — € Z CV?J)ZV(XI)
p=1 v v
Zcuﬁfdxlxﬂ X1 Xl — € Zcuz/dxlxﬂ Xl XI/ Xl)
Z F;M/Cm' — € Z Sp,ucyi
Fock matrix F,, Overlap matrix Sy, v v

FC = SCe
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