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�|��� + ���
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�|��� + ���|Ĥ�|��
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���|Ĥ�|���

= ���
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exchange-correlation functionals

! LDA (Kohn & Sham, 60Õs)
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! DFT+U (Anisimovet al., 90Õs)
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! hybrids(Beckeet al., 90Õs)
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"
! (r), |! ! (r)|, $s (r)

#
dr

$s (r) =
1
2

$

i

|! 2%i (r)|2

! VdW (Langreth & Lundqvist, 2KÕs)

EVdW =
!

! (r)! (r′)#

ΦVdW [! ](r, r′)drdr′

! · · ·

exchange-correla:on	energy	func:onals



KS	equa:ons	from	func:onal	minimiza:on

E[{⇥},R] = � �2

2m

�

v

⇥
⇥�

v(r)
⌅2⇥v(r)

⌅r2
dr +

⇥
V (r,R)�(r)dr+

e2

2

⇥
�(r)�(r⇥)
|r� r⇥| drdr⇥ + Exc[�]



KS	equa:ons	from	func:onal	minimiza:on

E[{⇥},R] = � �2

2m

�

v

⇥
⇥�

v(r)
⌅2⇥v(r)

⌅r2
dr +

⇥
V (r,R)�(r)dr+

e2

2

⇥
�(r)�(r⇥)
|r� r⇥| drdr⇥ + Exc[�]

E(R) = min
{�}

�
E[{⇥},R]

⇥

⇤
⇥�

u(r)⇥v(r)dr = �uv



KS	equa:ons	from	func:onal	minimiza:on

E[{⇥},R] = � �2

2m

�

v

⇥
⇥�

v(r)
⌅2⇥v(r)

⌅r2
dr +

⇥
V (r,R)�(r)dr+

e2

2

⇥
�(r)�(r⇥)
|r� r⇥| drdr⇥ + Exc[�]

E(R) = min
{�}

�
E[{⇥},R]

⇥

⇤
⇥�

u(r)⇥v(r)dr = �uv

! EKS

!" �
v (r)

=
�

uv

�vu " u (r)



KS	equa:ons	from	func:onal	minimiza:on

E[{⇥},R] = � �2

2m

�

v

⇥
⇥�

v(r)
⌅2⇥v(r)

⌅r2
dr +

⇥
V (r,R)�(r)dr+

e2

2

⇥
�(r)�(r⇥)
|r� r⇥| drdr⇥ + Exc[�]

E(R) = min
{�}

�
E[{⇥},R]

⇥

⇤
⇥�

u(r)⇥v(r)dr = �uv

�
� ! 2

2m
⇥2 + vKS [! ](r)

⇥
" v(r) = #v" v(r)

! EKS

!" �
v (r)

=
�

uv

�vu " u (r)
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solving	the	Kohn-Sham	equa:ons

�v(r) � c(v, j)

�

j

hKS [c](i, j)c(j, v) = �vc(i, v)

ċ(i, v) = �
�

j

hKS [c](i, j)c(j, v)+

�

u

�vuc(i, v)

�v(r) =
�

j

c(j, v)⇥j(r)

�EKS

�⇥�
v(r)

=
�

uv

�vu⇥u(r)
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