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occupied orbital energies

LDA/GGA: typically 4 – 6 eV too high

(HF typically 1 eV too low)

An error of 100 – 140 kcal/mol, totally unacceptable

in the total energy 



HF, DFA and exact KS HOMO  orbital energies

HF LDA BLYP
–IP = eKS

H2 –16.18 –10.26 –10.39 –16.44

H2O –13.88 –7.40 –7.21 –12.62

HF –17.69 –9.82 –9.64 –16.19

N2 –16.71 –11.89 –11.49 –16.68

CO –15.1 –9.11 –9.00 –14.01

HCN –13.50 –9.23 –8.87 –13.61

FCN –13.65 –8.97 –8.62 –13.67

HCl –12.98 –8.15 –7.91 –12.77

KS HOMO is equal to – I;

HF HOMO is appr. equal to – I (frozen orbital approx.)

LDA, GGA orbital energies are upshifted by ca. 4 - 6 eV

(uniformly: occup. and unoccup valence orbitals) 



occupied orbital energies

• LDA/GGA: typically 4 – 6 eV too high

(HF typically 1 eV too low)

Why?

- Not because of wrong asymptotics of potentials

- Not because of self-interaction error

But because LDA/GGA potentials are strongly    

upshifted in the bulk molecular region for a different 

reason



orbital energy determined by bulk molecular region

Determined by molecular region where y
i
(r) has largest

amplitude and where potentials

Vnuc(r), VCoul(r), VXC(r) are large.

Asymptotic regions contribute little!

(Except for Rydberg orbitals.)

Too high orbital energies:

LDA/GGA potentials are strongly upshifted 

in the bulk molecar region

εi = ψi(r) −
1

2
∇
2
+Vnuc(r)+VCoul (r)+VXC (r) ψi(r)



Exact and LDA KS potentials
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In the local-density approximation we use for the correla-

tion potential the Vosko-Wilk-Nusair parametrization of
the electron-gas data [33]. For the open shell atoms dis-

cussed in this article we performed spherically averaged

spin polarized calculations. The exact exchange-

correlation potentials are displayed in Figs. 1(a) and 2(a}

for Be and Ne, respectively, and r times these potentials

in Figs. 1(c) and 2(c). Both potentials have the same

structure, a characteristic peak between the atomic shells

(in our case between the K and the 1. shell) and a

Coulombic asymptotic behavior. These features are most

clearly displayed in the plots of rV. The appearance of
the intershell peak has been observed before [19,27] and
can be understood from the work of Buijse, Baerends,
and Snijders [34]. In Ref. [34] it has been observed that

an important contribution to the Kohn-Sham potential is

the so-called kinetic potential Vk;„de6ned in terms of the
conditional amplitude 4:

Atom HF LDA NL(BP) Model Expt.

H

He

Be

Ne

Ar

Kr
Xe

0.500
0.918
0.309
0.850
0.591
0.524
0.457

0.234
0.571
0.206
0.490
0.381
0.346
0.310

0.280
0.585
0.209
0.496
0.380
0.344
0.308

0.440
0.851
0.321
0.788
0.577
0.529
0.474

0.500
0.903
0.343
0.792
0.579
0.517
0.446

Ion HF LDA NL(BP) Model Expt.

F
Cl

Br
I

—0.097
—0.022
—0.008
+0.005

—0.099
—0.023
—0.009
+0.004

0.128
0.140
0.140
0.139

0.125
0.133
0.124
0.112

TABLE I. Ionization energies and electron affinities from the

highest occupied Kohn-Sham orbital.

%(x„.. . ,x~)

Pp(x) )/N

Vg;„(x,}=f4'(——,'V, )4dx2 dx~

=+-,' f lV,el'dxz dxz . (49)

N2

F2

CO

0.622

0.551

Molecule HF

0.328
0.339
0.334

0.322
0.334
0.336

0.557
0.607
0.529

0.573
0.582
0.515

LDA NL(BP) Model Expt.
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FIG. l. Exchange-correlation potentials of the beryllium atom.
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The conditional amplitude 4(x . l

' d

the s

x2, . . . , x& Ix, ~ describes

t e system of X—1 electrons with positions x2, . . . ,xz
posi ion x, and isw en one electron is known to be at pos t

t e amplitude connected with the condit' 1 b b'1iona pro a iity

t b t . V ~ m k
o n ing the other electrons when one electr k

o eatx. V. m~
e ec ron is nownt, . Vk;„makes a significant (positive} contribu-

tion to the effective potential v in th S h "dff e c ro inger equa-

tion for the square root of the densit t thy a ose positions

x& of the reference electron where the conditional ampli-

tude changes rapidly, so that V 4 is lar e. A d'arge. s iscussed

in e. [34], this is the case when x crosses the b d

re iong' between two atomic shells, since the exchange hole

is localized within one atomic shell if the reference posi-

tion is in that shell but "jumps" to the next shell when
the reference position crosses th b de or er (see Refs.
[35—37]). The intershell peaks of V„„which are less pro-
nounced than those in v 1,ff, also originate from relatively

~ ~ ~

strong changes in the pair correlation function at shell
It is obvious from the 6gures that the

f
LDA potentials almost completely lack th'ac is important

eature of the exact potential. This
' t' 1 1is par icu ar y clear

rom the pronounced appearance of peaks in the

difference plots of ( V —V ) and ( V —Van r „VLDA ) in

also h

Figs. 1(b) and 1(d) and 2(b) and 2(d). The LDAe potential

aso has a wrong asymptotic behavior for r~~, as is

evident from the fact that rV does not t —1 b

to 0. The exact potential has a much improved asymp-

totic behavior. However, the quality of the exact poten-
tia we generate depends on the quality of the correlated
wave function and density on which it is based. The

asymptotic region is notoriously difBcult to describe ac-

curately, since wave functions are almost invariably ob-

tained from energy optimization algorithms which have a

strong bias towards improving the energetically impor-

ant inner region. In the case of neon we observe that for

arge r (r & 3 bohrs) there is a spurious minimum in the

curve for the exact V„, [Fig. 2(c)] which we ascribe to

inaccuracy of the correlated density at such large r. It is
nevertheless clear that the "exact" rV,c r „, approac es —1

much better than the LDA potential does. For Be it is
not evident that the calculated "exact" V ff„, su ers rom

poor accuracy of the asymptotic behavior of the

configuration-interaction (CI}density, but we do feel that

some suspicion is warranted concerning the (too?) slow

approach by rV„, to the limiting value of—1 [Fig. 1(c)].
This suspicion is aggravated by the strange minimum be-

tween 6 and 8 bohrs in the curve of r ( V —V ' F'

1(d).

ig.

In panels (a) and (c) of Figs. 1 and 2 we have also added
Becke's gradient-corrected exchange potential [2] and
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FIG. 2. Exchange-correlation potentials of the neon atom
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van Leeuwen and Baerends, PRA 1994



N2: XC potentials along bond axis

Properties of 
exact XC potential 
(asympt. ->0):

• –eHOMO = IP

•Coulombic decay
-50
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e
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543210
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LDA/BP HOMO

KS HOMO

KSLDA
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N                         N
–1

Grüning, Gritsenko, Baerends, JCP  2002



Gavini et al. JPCL 12(2021):  H
2

at Re



Gavini et al. JPCL 12(2021):  H
2

at 2Re
v x
c



Why is LDA/GGA potential so upshifted?

Because response part of potential is wrong!

r1 ® r2

r(r2) rhole(r1;r2)

⇒ εXC (r) =
1

2
vXC
hole
(r
1
)

vXC (r) =
δE

XC

δρ(r)
= ε

XC
(r)+ ρ(r1)

δε
XC
(r1)

δρ(r)
∫ dr1

↓ ↓

1

2
vXC
hole
(r) +

1

2
vXC
hole
(r)+ vXC

resp
(r)

E
XC

≡ ρ(r)εXC∫ (r)dr

=

1

2
ρ(r)vXC

hole
(r)∫ dr



How does reponse 

potential look?

It has steps;

zero in HOMO 

region

R. van Leeuwen, O. Gritsenko, E. J. Baerends, Z. Phys. D 33 (1995) 229 

Be

ß 1s |  2s à



Steps in the (exchange) pot. of Krypton come from 

response part of pot.

r (a.u.)

vx

vx
hole

vx
resp Krypton

O. Gritsenko, R. van Leeuwen, 

E. J. Baerends

J. Chem. Phys. 101 (1994) 8955



exact expression for vresp: vN–1 – vs
N–1

v
resp
(1) = v

N−1
(1)− v

s

N−1
(1) =

d j (1)
2

ρ(1)
j

∑ I j − I0( )−
ψ j
s
(1)

2

ρ(1)
j

N

∑ −ε j − I0( )

The response potential consists of contributions that have step 

like behavior when going from one shell to the next 

in an atom or molecule 

Dyson orbitals:

very similar to KS orbitals 

and HF orbitals for 

primary ion states

exact ionization energies



LDA/GGA response pot.: no steps!

EX
LDA ≡ ρ(r)εX

LDA∫ (r)dr =
1

2
ρ(r)vXhole

EG
(r)∫ dr

vXhole
EG

(r) = −3
3

8π

$

%
&

'

(
)

1

3
ρ(r)

1

3

Long before LDA:

Slater: square hole around position r of electron with depth –(1/2)r(r), 

integrating to – 1, gives practically same potential Cr(r)1/3

Slater (band structure theorists) applied this in one-electron equations

as exchange potential



Gaspar-Kohn-Sham (DFT):

Proper variational derivation of one-el. equations for the 

optimal orbitals yields:

®Slater’s  Xa method: use potential 

a has been determined in various ways in atoms (e.g. K. Schwarz, 1972):

- exact exchange energy optimized;

- Virial Theorem obeyed

- energy equal to Hartree-Fock energy

® a in range 0.78 (lightest elements)  – 0.71 (beyond first row) 

or in molecules (E. J. Baerends, 1973) (a = 0.70)

vX
LDA

(r) =
2

3
vXhole
EG

(r)

α.vXhole
EG

(r)



®Slater’s  Xa method: use potential avXhole
EG

Actually, Slater resisted initially:

- orbital energies are “better” with full Slater (EG) exchange pot.!

J.C. Slater, Quantum Theory of Molecules and Solids,

Vol. 3 (1967): Insulators, semiconductors and metals

p. 243: Some writers have felt that on account of the importance of the 

variation principle for the total energy, it was more important to use ...

an exchange correction determined by variation of the total energy ... 

The author does not agree with this point of view, feeling that the one-

electron energies are more important in energy-band calculations.

The slightly different wavefunctions which we find by use of [the full 

] rather than                        will only make a second order

change in the total energy.      

vXhole
EG

(r) (2 / 3)vXhole
EG

(r)



Orbital energies from Slater (EG), LDA/GGA 

compared to exact KS

N
2 3sg 1pu 2su

– Ii
– 15.58 – 16.83 – 18.75

e
i
(KS) – 15.58 – 16.84 – 18.89

e
i 
(Slater) – 15.39 – 16.66 – 18. 62

e
i
(BLYP)

– 10.28 – 11.49 – 13.39

Gritsenko, Mentel, Baerends, JCP 144 (2016) 204114



Orbital energies from Slater (EG), LDA, GGA 

compared to exact KS

H2CO 2b
2

1b
1

5a
1

1b
2

4a
1

– Ii
– 10.9 – 14.5 – 16.1 – 17.0 – 21.4

ei (KS)
– 10.90 – 14.26 – 15.51 – 16.46 – 20.04

ei (Slater)
– 10.99 – 14.56 – 15.91 – 16.82 – 20.57

ei(BLYP)
– 6.22 – 9.94 – 10.93 – 12.08 – 15.59

Gritsenko, Mentel, Baerends, JCP 144 (2016) 204114



The LDA X-response pot. is (way) too repulsive 

vX
LDA(r) =

2

3
vXhole
EG (r) = −

2

3
3

3

8π

"

#
$

%

&
'

1

3
ρ(r)

1

3
= −2

3

8π

"

#
$

%

&
'

1

3
ρ(r)

1

3

v
X

LDA(r) = −2
3

8π

"

#
$

%

&
'

1

3
ρ(r)

1

3
= −3

3

8π

"

#
$

%

&
'

1

3
ρ(r)

1

3
+

3

8π

"

#
$

%

&
'

1

3
ρ(r)

1

3

vXhole
EG (r) +vXresp

LDA (r)

        (1 / 3) of hole pot.!

        (1 / 2) of total X pot.!

Wrong response potential causes 

uniform upshift of orbital energies!



How to model the response potential?

Krieger-Li-Iafrate (1994) derived a good approximation to 

the OEP potential in the exact-exchange only case: 

v
X

KLI (r) ≈ v
Xhole

HF + w
i

|ψ
i
(r) |2

ρ(r)i=1

H

∑

KLI exch.-response pot.: steps of height w
i



Approximation (GLLB) of vXresp

Step behavior introduced with wi = f(eF – ei)

scaling density rl(r)  = l3r(lr) yields  vx[rl](r) = lvx[r](lr)

dictates,  with ei[rl] = l2ei[r],

f (l2(eF – ei)) = lf(eF – ei) so f must be prop. to square root:

Exact in EG with K = 0.382

Gritsenko, van Leeuwen, van Lenthe, Baerends, PRA 1995

f → K ε
F
−εi

vXresp
GLLB

(r) = K[ρ] ε
F
−ε

i

ψ
i
(r)

2

ρ(r)
i=1

H

∑



Build up correct potential:

1) vX
hole(r) from 2εX

GGA[ρ(r)](r) = 2εX
LDA (r)+ 2εX

B88(r)

- 2εX
LDA (r) = vXhole

LDA (r)  no factor 2/3!

- note: B88 correction makes energy density go like −1/ 2r

so vXhole
B88 (r) has proper –1/r asymptotics

2) vX
resp(r) taken as vXresp

GLLB (r)

3) correlation potential (hole + resp.) from LDA: vcorr
VWN (r)

---> B-GLLB-VWN



N2 orbital energies
N
2

(K=0.382) 3sg
(HOMO)

2pu 2su 2sg

vxhole,ii (LDA) – 24.89 – 23.51 – 24.72 – 29.47

vxhole,ii (B) – 2.54 – 2.48 – 2.52 – 1.83

vxresp,ii (GLLB) + 4.56 + 5.10 + 3.97 + 6.05

vc,ii (VWN) – 1.76 – 1.75 – 1.76 – 1.91

vxctot,ii – 24.63 – 22.63 – 25.03 – 27.16

hii+ vH,ii
+ 8.89 + 6.16 + 5.73 – 6.17

e
i (BGLLBVWN)

– 15.74 – 16.47 – 19.30 – 33.33

ei (KS) – 15.58 – 16.84 – 18.89 – 33.67

Dei
– 0.16 0.37 – 0.41 0.34



N2 orbital energies
N
2

(K=0.382) 3sg
(HOMO)

2pu 2su 2sg

vxhole,ii (LDA) – 24.89 – 23.51 – 24.72 – 29.47

vxhole,ii (B) – 2.54 – 2.48 – 2.52 – 1.83

vxresp,ii (GLLB) + 4.56 + 5.10 + 3.97 + 6.05

vc,ii (VWN) – 1.76 – 1.75 – 1.76 – 1.91

vxctot,ii – 24.63 – 22.63 – 25.03 – 27.16

hii+ vH,ii
+ 8.89 + 6.16 + 5.73 – 6.17

e
i (BGLLBVWN)

– 15.74 – 16.47 – 19.30 – 33.33

ei (KS) – 15.58 – 16.84 – 18.89 – 33.67

Dei
– 0.16 0.37 – 0.41 0.34

Dei (LDA+B–KS) 4.82 4.91 4.99 5.00



HCOOH orbital energies (K=0.34)
10a¢
HOMO

2a¢¢ 9a¢ 1a¢¢ 8a¢ 7a¢

vxhole,ii (LDA) –27.33 – 27.95 – 27.16 – 25.03 – 28.02 – 24.38

vxhole,ii (B) – 2.63 – 2.63 – 2.57 – 2.55 – 2.61 – 2.32

vxresp,ii (GLLB) + 4.86 + 5.64 + 5.74 + 5.86 + 5.69 + 5.64

vc,ii (VWN) – 1.83 – 1.85 – 1.83 – 1.78 –1.87 – 1.78

vxctot,ii – 26.94 – 26.81 – 25.82 – 23.50 – 26.79 – 22.83

hii+ vH,ii
+15.33 +14.20 +11.59 + 8.06 +10.20 +5.68

ei (BGLLBVWN)
–11.61 – 12.61 – 14.23 – 15.44 – 16.59 – 17.15

ei (KS) – 11.51 – 12.38 – 14.48 – 15.43 – 16.64 – 17.27

Dei
– 0.10 – 0.23 0.25 – 0.01 0.05 0.12

Dei (LDA+B

– KS)

4.23 3.82 4.07 3.78 4.17 3.82



HCOOH lower orbital energies (K=0.34)
7a¢ 6a¢ 5a¢ 4a¢

vxhole,ii (LDA) – 24.38 – 24.95 – 31.36 – 29.60

vxhole,ii (B) – 2.32 – 2.24 – 2.08 – 2.05

vxresp,ii (GLLB) + 5.64 + 5.99 + 5.91 + 6.12

vc,ii (VWN) – 1.78 – 1.79 – 1.95 – 1.90

vxctot,ii – 22.83 – 23.01 – 29.48 – 27.44

hii+ vH,ii
+ 5.68 + 2.17 – 1.11 – 5.41

e
i

(BGLLBVWN)
– 17.15 – 20.84 – 30.95 – 32.85

ei (KS) – 17.27 – 21.17 – 30.43 – 32.94

Dei
0.12 – 0.33 – 0.16 0.09

Dei (LDA+B–KS) 3.82 3.88 4.14 4.14



Good orbital energies (not upshifted) 

very important in anions

LB94:  HOMO F 
– = 3.48 eV    ;  IP = 3.40 eV

B-GLLB-VWN, see Amati, Baerends JCTC 16 (2020) 443:

Many closed shell anions: MAE   + 0.14 eV

Many open shell anions:   MAE    + 0.48 eV 



What is the meaning of an orbital 

with positive orbital energy?

resonances 

at specific E

bound states below 

zero energy



What is the meaning of  

KS orbital energies?

Prevailing view on occupied orbital energies: 

”..one should expect no simple physical 

meaning for the KS orbital energies. There is 

none.”

WRONG!

Prevailing view on virtual KS orbital energies:

The HOMO-LUMO gap is too low

(the “band gap” problem of KS DFT)

WRONG!



KS HOMO-LUMO gaps ∆ are excellent 

approx. to excitation energies

∆
HF

∆
LDA ∆BLYP ∆KS

Expt.  excit.  energy

singlet       triplet

H2 17.6 10.6 10.5 12.5 12.7 11.7

H2O 14.7 6.5 6.2 7.5 7.65 7.5

HF 18.5 8.9 8.5 10.5 10.3 9.9

N2 19.9 9.7 9.6 9.9 9.3-10.3 7.8-8.9

CO 17.0 6.9 7.1 7.5 8.5 6.3

HCN 15.4 7.9 7.8 8.0 8.8 6.2

FCN 14.8 7.3 7.0 7.6 8.4 7.8

HCl 13.8 7.0 6.8 7.4 7.8 7.4

1) The LDA, GGA gaps (aug-cc-pVTZ basis) are similar (slightly 

smaller) than KS gaps

-> the upshift is similar for HOMO and (a bit smaller for) LUMO

2) HF gaps are much larger: Koopmans’ approx. to IP – EA if eLUMO neg.

Many HF LUMOs at positive orbital energy!



HF, DFA and exact KS LUMO  orbital energies

HF LDA BLYP KS

H2 +1.42 +0.31 +0.12 –3.93

H2O +0.80 –0.92 –1.06 –5.11

HF +0.81 –0.93 –1.13 –5.71

N2 +3.91 –2.21 –1.91 –6.77

CO +1.88 –2.24 –1.94 –6.56

HCN +1.93 –1.33 –1.07 –5.53

FCN +1.16 –1.66 –1.59 –6.01

HCl +0.79 –1.11 –1.15 –5.36

KS LUMO is at negative energy: a bound one-electron state in the KS 

potential.

HF LUMO is most of the time unbound (positive orbital energy)

LDA, GGA LUMO: still negative -> therefore bound state



Orbital energies (eV) of the positive energy 

HF LUMO of H2 as function of the basis

(STOs)

SZ DZ DZP TZP TZ2P QZ4P ETQZ3P

2D

1su
18.12 5.52 5.11 3.39 3.45 2.67 1.18

1sg
–15.88 –16.26 –16.20 –16.21 –16.20 –16.18 –16.18

gap 34.00 21.77 21.31 19.59 19.66 18.85 17.36



Shape of the  1su LUMO density of H2
as a function of basis set:

KS



proper

KS pot.

important

for virtual

orbital 

spectrum!

valence

virtuals

Rydbergs

occupied
orbitals

LDA/GGA  potential
strongly upshifted valence orbs
(occup. and virt.)

Rydbergs: weakly upshifted, 
wrongly positioned, too few 

–IP

exact KS
potential
asympt. –1/r

V

R

R (too small)

V

Discrete states
 in continuum
due to finite basis set

0.0

not a proper 

Rydberg seriess



transbutadiene

 

GGA (PW91) 

excitation energies 

5.70
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7.00
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C C
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=

=



For TDDFT it is essential to have 

orbitals and orbital energies 

from good approx. to exact KS potential

à B-GLLB-VWN!

- good occupied and virtual orbital energies

- from B88 correction to LDA proper –1/r         

asymptotics of potential expected

à Rydbergs OK?



Vertical excitations

1,3-transbutadiene

TDDFT with

B-GLLB-VWN  approx. to

exact KS potential

+ ALDA kernel

poor!
Rydbergs too much 

upshifted

-> asymptotics of 

potential not right?

C C

C C

=

=

5.70

6.00

7.00
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6.50
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8.50
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1 Bu ( π–→π+* )

2 Ag ( π→π* )

1 Au (7ag → 2au)
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2 Au (6ag → 2au)

3 Au (1bg → 7bu)
4 Au (1bg → 8bu)

3 Ag (1bg → 2bg

           1au → 2au)

2 Bu (1bg→3au)

3 Bg (1bg → 9ag)

1 Bu 

1 Bg

1,2 Au 

3 Au 

2 Bu 

2 Bg 

3 Ag 

4 Ag 
3 Bu 
4 Bu 

5 Bu 

EXPERIMENTB-GLLB-VWN

( π–→π+*)

4Bg SAC-CI

3 Bg SAC-CI 

2Ag SAC-CI 



Why such poor TDDFT results 

with B-GLLB-VWN potential? 

Possibly due to deficient long range / asymptotic 

behavior of potential,

in spite of –1/r asymptotics coming from B88 energy 

density ?

Test: add asymptotic behavior of LB94 KS potential 

(R. van Leeuwen, E. J. Baerends, PRA 1994)



Vertical excitation 

energies (eV)

1,3-transbutadiene

with

proper 

asymptotics
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+ asymptotic

correction



Compare

to CC
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B-GLLB-VWN

    TDDFT
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2 Bg 
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+ asymptotic

correction
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1Au 

2 Ag 

2 Au 
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CC3, aug-pVTZ.

Loos, Jacquemin

et al., JTCT 2020



Excitations 1,3-transbutadiene, best theoretical results

6-31G(d)

CC3

aug-cc-pVTZ th. th. EXP.

CC3 CC3 CCSDT NEV-

PT2

SAC-CI MR-

AQCC

Bu
6.41 6.22 6.24 6.68 6.33 6.36 5.92

Bg
6.53 6.33 6.34 6.44 6.18 6.32 6.21

Au
6.87 6.64 6.66 6.84 6.45 6.56 6.64

Ag
6.73 6.67 6.60 6.70 6.56 6.50

Au
6.93 6.80 6.81 7.01 6.65 6.74 6.80

Bu
7.98 7.68 - 7.45 7.08 7.02 7.07
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4.50
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1 B1 

1 B2 

2 B2 

EXPER.

B-GLLB-VWN

    TDDFT

1 B1 

1 A2 

1 B2 

2 A1 

1 A2 

CC3, aug-pVTZ.

Loos, Jacquemin

et al., JTCT 2020

1 B1 

1 A2

1B2 

2 A2 

Excitation Energies (eV)

    pyrimidine

+ asymptotic

correction

2 A1 

2 B1

2 B2 (Ry)

3 B1

3 A1

2 A1 

2 B2 ?

2 A2 2 A2 

2 B1

2 B1

Excitation Energies Pyrimidine



Funct. State Weight ei ea ∆eia

w

TD-

DFT

w – ∆eia w – Eexp

1A
2

1.00 –10.25 –5.92 4.33 4.59 0.26 0.16

“exact”

KS pot.

1B
2

1.00 –10.25 –4.18 6.07 6.09 0.02 -0.27

(SAOP) 2A
2

0.84 –10.25 –2.72 7.53 7.52 0.00 0.16

2A
1

0.97 –10.25 –3.09 7.16 7.21 0.05 -0.20

2B
2

0.97 –10.25 –2.63 7.62 7.64 0.02 0.15

3A
1

0.97 –10.25 –2.04 8.21 8.20 0.00 0.40

3B
2

0.97 –10.25 –2.51 7.74 7.74 0.00 -0.35

1B
1

0.95 –10.25 –5.92 7.92 8.17 0.24 0.00

Acetone: orbital en. differences and excit. energies (eV)



Funct. State Weight ei ea ∆eia

w

TD-
DFT

w – ∆eia w – Eexp

BP86 1A
2

1.00 –5.71 –1.70 4.01 4.27 0.26 -0.16

1B
2

1.00 –5.71 –0.61 5.10 5.10 0.00 -1.26

2A
2

1.00 –5.71 –0.11 5.60 5.59 0.00 -1.77

2A
1

1.00 –5.71 –0.13 5.58 5.58 0.00 -1.83

2B
2

1.00 –5.71 –0.07 5.64 5.64 - 0.01 -1.85

3A
1

0.98 –5.71 +0.36 6.07 6.06 - 0.01 -1.74

3B
2

1.00 –5.71 +0.05 5.76 5.75 0.00 -2.34

1B
1

1.00 –5.71 +0.31 6.02 6.01 -0.01 -2.16

Acetone: orbital en. differences and excit. energies (eV)



Acetone: orbital en. differences and excit. energies (eV)

Funct. State
Max.

Weight ei ea ∆eia

w

TD-

DFT

w – ∆eia w – Eexp

TDHF 1A
2

0.47 –11.23 +3.96 15.18 5.03 -10.15 0.60

1B
2

0.36 –11.23 +0.62 11.85 8.24 -3.61 1.88

2A
2

0.43 –11.23 +1.02 12.25 9.02 -3.23 1.66

2A
1

0.20 –11.23 +0.96 12.19 9.07 -3.12 1.66

2B
2

0.31 –11.23 +1.20 12.43 9.13 -3.30 1.64

3A
1

0.21 –11.23 +3.96 17.15 9.41 -7.74 1.61

3B
2

0.23 –11.23 +1.74 12.96 9.59 -3.37 1.50

1B
1

0.84 –11.23 +1.12 12.35 9.89 -2.46 1.72



Acetone: orbital energy differences and excitation energies (eV)

Funct. State
Max.

Weight ei ea ∆eia

w

TD-

DFT

w – ∆eia w – Eexp

M06-

2X

1A
2

0.52 –8.85 +0.78 9.63 4.03 -5.60 -0.40

1B
2

0.73 –8.85 –0.34 8.51 6.54 -1.97 0.18

2A
2

0.62 –8.85 +0.04 8.88 7.33 -1.55 -0.03

2A
1

0.62 –8.85 +0.03 8.87 7.38 -1.49 -0.03

2B
2

0.45 –8.85 +0.15 9.00 7.40 - 1.60 -0.09

3A
1

0.79 –8.85 +0.74 9.58 8.03 - 1.55 0.23

3B
2

0.42 –8.85 +0.64 9.49 7.80 -1.69 -0.29

1B
1

0.92 –8.85 +0.73 9.58 8.12 -1.45 -0.05
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