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Constraints for DFT Functional
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Jacob's Ladder
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Second-Order
Gradient Expansion Approximation (GE2)
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(', is a negative constant




Second-Order
Gradient Expansion Approximation (GE2)

Correlation :

BEP s, n) = [ drines + 9(Q)Cln)

C=(nt—ny)/n ¢ =[1+O¥° + (1 -7/

a weak function of density C.(n)

C,loo] ~ 4.235 x 1073
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Forth-Order
Gradient Expansion Approximation (GE4)
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Forth-Order
Gradient Expansion Approximation (GE4)
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fitting the atomization energies of 20 small molecules




e Size-Consistency
Ea:c[nA + nB] — Emc[nA] + Eazc[nB]

where na(r) and ng(r) do not overlap.

« Exchange Energy is negative
e Correlation Energy is nonpositive




Spin-Scaling Relation

The exchange energy is
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The Lieb-Oxford inequality

(Vee) — U > B/dgrngmf (n)

B ~ 1.67




The Lieb-Oxford Bound

E.cln] > (Vee) —Ugl|> B/dgrngmf (n)

B ~ 1.67




The Lieb-Oxford Bound

E.cln] > (Vee) —Ug > B/dgrngmf (n)

B ~ 1.67

For two-electron densities

E.>1.174 / d3’r‘ngmf (n) satisfied by LDA, but not by PBE or TPSS




One-Electron System

E.n,0] =0

/dSTn(fr') =1
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Uniform Density Scaling

N (1) = 7 n(yr)
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Uniform Density Scaling

For correlation,
* In the low-density limit

%E)% Ecn,| = vEc|n]

+ in the high-density limit

lim E.|n~| — const
Y—> 00




Uniform Density Scaling

For correlation,
* In the low-density limit
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Linear Response of
Uniform Electron Gas

the exchange-correlation factor

f:cc(Q) = f:cc(|7° — ’I“’|) — [ 0 Emc[n]

5n('r)6n('r’)]n0

foe(q) = —4me? /QZ‘G(q) local field factor

. S. Moroni, D. M. Ceperley, and G. Senatore, Phys. Rev. Lett. 75, 689 (1995)
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Linear Response of
Uniform Electron Gas

response function X(q) <—> |ocal field factor G(q)

|

the exchange-correlation factor  f,.(q) = —47T62/q2G(q)

. S. Moroni, D. M. Ceperley, and G. Senatore, Phys. Rev. Lett. 75, 689 (1995)
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Non-Uniform Density Scaling

s = [Vn|/[2(37%)*n*/?

lim F, = /dS'rne“me(s_l/Z)

S—> OO

lim FE.. < /dBTne“me(s_l/2)

S—> 0O




Strongly Constrained and Appropriately
Normed Semilocal Density Functional
(SCAN)

e All listed constraints
e rare-gas atoms and nonbonded interactions




