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Range separation of electron correlation: why and how ?

regular electron-electron interaction Wgyg(rq5)=1/r15
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8 t < short range DFT =
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1

full range interaction = 7

= wlX(r12) + wi(r12) asproposed by A.Savin
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Long-range WFT / short-range DFT (srDFT)

e We use the general formalism introduced in the first lecture with a modified electron-electron
interaction equal to the long-range interaction: W7 = WeLH
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WFT-based methods WESH complement of Wik EfEn]

e Exact ground state energy: Eg = mq'}n {(\II|T + Web? + Vae|0) + Bt [n\y]}

e approximations used in the description of the long-range interaction define the srDFT schemes:
HE-srDFT, MP2-stDFT, CC-srDFT, MCSCF-srDFT, ...

e approximations used in the short-range functional: srLDA, srPBE, ...
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1 = 0 limit: Kohn-Sham DFT

1=0.05

full-range interaction
long-range interaction
short-range interaction
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Bo = min {<<1>|T + Vel ®) + Brixe [nq)]} = min {(q;u“ﬂ W 4 Vho | W) + EEH [nq,]}
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( — oo limit: WFT

1=10.0

full-range interaction
long-range interaction
short-range interaction
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Fo = min {<@|T + Vae + Wee|\p>} = min {(mf WD 4 Voo | W) 4 ES5H [n\p]}
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e An combined WFT-DFT approach is obtained when 0 < p < 400

e DPrescription for the choice of p:

in order to merge the best of both WFT and DFT worlds, in terms of accuracy and computational
cost, . should be chosen so that

(i) multireference effects and dispersion interactions are assigned to the long-range interaction, and
thus treated within WFT

(ii) short-range electron correlation (related to the singularity of the electron-electron repulsion) is
assigned to the short-range interaction, and thus treated within DFT

Following this prescription, we obtain the following necessary condition:

systems that have no significant long-range correlation effects should be well described within the

HE-srDFT scheme (no need for a post-HF treatment of the long-range interaction) — | 1 < pmax
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He (cc—pVTZ)

HF-SILDA ——
MP2-srLDA
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Ar (cc—pVTZ)
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Ar (cc—pVTZ)
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1

Choice of u

~ 2.0 a.u. can be interpreted as an average distance between valence electrons

Mmax

For heavier systems, the valence electron density is expected to be more diffuse, leading thus to

smaller pumax values as we observed (0.2 to 0.3)

When performing calculations on systems with significant long-range correlation effects, ;. should

be as large as possible, in order to be sure that the latters are mostly described within WFT (and not

DFT)

For the purpose of defining a general theory;, it is highly desirable to define a universal p value. We

currently use

pw=04

E. Fromager, J. Toulouse, and H. ]J. Aa. Jensen, J. Chem. Phys., 126 (2007) 074111.
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He, (aug—cc—pVTZ)

! ! ! !

KS-LDA ——— -
MP2
CCSD(T) —— -

——————— |

~
L
=
~—
>
(@)
—
Q
c
)
c
ks
)
O
@©
—
Q
]
c

| | | | | | | | |

55 6 65 7 75 8 85 9 95

Interatomic distance (a.u.)

16.12.2010 Winter School in Theoretical Chemistry 2010, Helsinki, Finland Page 15



Combining wave function and density-functional theories by means of range separation:
progress report

He, (u=0.4, aug—cc—pVTZ)
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He, (u=0.4, aug—cc—-pVTZ)
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Ar, (U=0.4, aug—cc—-pVTZ)
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Ar, (U=0.4, aug—cc—-pVTZ)
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He, (1=0.4 / dye_pHe=5.62 a.u. / aug—cc—pVnZ)
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H, (1 = 0.4/ active space: Oy, Oy [ cc—pVTZ)
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Occupancy of the o orbital (u =0.4)
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1
EIS{]CXZ n] = 5 /n(r)n(r’)wiﬁ;“ﬂr — r’\) drdr’ + ES0H n]

In the dissociation limit:;

r—1r'| = +o0 = WH(r—1'|) =0

1

r—r'| =0 = wl’(r—1'|) ~ -
r —r/|

/
ny(r)np(r’) drdr’ + 2 x ELoP[ng]
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self-interaction error no spin polarization !
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sc-NEVPT2 on top of MCSCF-srDFT

Be, (u=0.4, aug—cc—pVQZ)
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MP2-srPBE ——
MCSCF (2s2p)

MCSCF-srPBE (2s2p) —

MCSCF-srPBE (2s2p3s3p) ------
sc-NEVPT2 (2s2p)
sc-NEVPT2-srPBE (2s2p)
sc—INEVPTIZ—srPBIE (252p|3$3p)

7 8 9 10 11
Interatomic distance (bohr)

~
T
&
&)
~
P
(@)
—
Q
c
(b)
c
0
e}
&)
©
—
<)
d
E

E. Fromager, R. Cimiraglia, and H. J. Aa. Jensen, Phys. Rev. A 81, 024502 (2010)
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Conclusions and outlook

Range separation enables a rigorous combination of post-HF and DFT methods

It is possible to choose an optimal range separation in a non-semi-empirical way (¢ = 0.4 a.u.)

MP2-srDFT (and CC-srDFT) promising for describing dispersion interactions (fast basis set
convergence, small BSSE)

MCSCF-srDFT promising too ... but real need for better short-range functionals (exact exchange !?)

sc-NEVPT2-srDFT: tool for describing multireference weakly bound systems (metal-metal
interactions, ...)

work in progress: TD-MCSCF-srDFT and relativistic MCSCF-srDFT approach
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