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] rQ -_>< Molecular Interactions

m Interaction energy for weskly interacting subsystems A and B

Eint = Eag —Ea —Eg

-0.02 kcal/mol -5.01 kcal/mol -82.2 kcal/mol



3 re -_>< Molecular Interactions

Eint = Eag —Ea —Es

Accuracy:
= covalent interactions:
m 1 kcal/mol (chemical accuracy)
= noncovalent interactions:

m 0.1 kcal/mol
m 0.001 kcal/mol (spectroscopic accuracy)

Supermolecular CC: platinum, gold, ... standards

M. Kodrycka, K. Patkowski, JCP, 151, 070901 (2019)



3 re ->< Molecular Interactions

m [nterpretation: Ein is a single number

» 25
E .3 .
J—-"—J #2

-3.14 kcal/mol  -2.56 kcal/mol  -2.73 kcal/mol
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-re -_>< Symmetry-adapted Perturbation Theory

Symmetry-adapted perturbation theory (SAPT)

= high-accuracy
m Eint decomposed into physically-meaningful etase
terms Mo i i e shyws
SAPT _ (1) ) ®) S
Eint - Eelst + Eexch + Eind
(2) (2) (2)
+ Eexch—ind + Edisp + Eexch—disp MERE

= MB-SAPT, SAPT(DFT), SAPT(MC), ...

B. Jeziorski, R. Moszynski, K. Szalewicz, Chem. Rev. 94, 1887 (1994)
G. Jansen, WIREs Comput Mol Sci. 4:127 (2014)

K. Patkowski, WIREs Comput Mol Sci. 10:e1452 (2020)

T. Korona et al, Adv. Quant. Chem. 87, 37 (2023)




.rQ -_x Symmetry-adapted Perturbation Theory

m perturbation expansion in orders of V

H=H, + H%(+V
5% 1 331 4
V= P N _% = incomplete antisymmetry of WOWO
sy . iea p S 5 . = A< B exchange tunneling missing
_ —=a Sa&p m symmetry forcing required
keEB aeA |rk - Ral acA BEB Raﬁ - exact lIJiO) and LIJéo) not known

B. Jeziorski, R. Moszynski, K. Szalewicz, Chem. Rev. 94, 1887 (1994)
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TR=X

m gives rise to awhole family of methods

= developed in 1990s (SAPTO, SAPTZ, ...)

m double-perturbation theory SAPTO _ plo) | pli0) | p(0) 4 pleo)
RN LA R By + O
=Hp
W= Wy+Ws "

L)
uctuation potential

(HA - FA) + (HB - FB)

S. Rybak, B. Jeziorski, K. Szalewicz, JCP 95, 6576 (1991)
E. G. Hohenstein, C. D. Sherrill, WIREs 2:304 (2012)



TR=X

m gives rise to awhole family of methods

= developed in 1990s (SAPTO, SAPTZ, ...)

m double-perturbation theory SAPTO _ pli0) | pli0) | p(0) 4 pleo)
H=Fat Rt W+ 4V + B B e + 6
=Hp
W= Wi+Ws "

L)
uctuation potential

(HA - FA) + (HB - FB)

S. Rybak, B. Jeziorski, K. Szalewicz, JCP 95, 6576 (1991)
E. G. Hohenstein, C. D. Sherrill, WIREs 2:304 (2012)
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m gives rise to awhole family of methods

m deveoped in 1990s (SAPTO, SAPT2, ...)

[ double-perturbation theory ESAPT0 — EHF
int int
H = Fa + Fg +{W +2V +EQ) +ECY)
H,
W= Wy+Ws X

L)
uctuation potential

(HA —FA) + (HB —FB)

S. Rybak, B. Jeziorski, K. Szalewicz, JCP 95, 6576 (1991)
E. G. Hohenstein, C. D. Sherrill, WIREs 2:304 (2012)
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m gives rise to awhole family of methods

» developed in 1990s (SAPTO, SAPTZ, ...)

m double-perturbation theory EsapTo = i
int int
BV e
=H
W= Wy 50777 = RO+ B + 0D +EL)
o +UEE +EE,

uctuation potential

(HA —FA) + (HB —FB)

S. Rybak, B. Jeziorski, K. Szalewicz, JCP 95, 6576 (1991)
E. G. Hohenstein, C. D. Sherrill, WIREs 2:304 (2012)



TR=XX

m gives rise to awhole family of methods

= developed in 1990s (SAPTO, SAPT2, ...)

= double-perturbation theory ESAPTO = EHF
int int
L SE b TR+
=H
W= W+ Wy 07 = BN ) + B +EW
—,,—X tp(22) | tp(22)
uctuation’ potential + Elnd + Eexch—md
= (Ha —Fa) + (Hs -Fg) T =B+ Eéfs;) + Eéizs;)

S. Rybak, B. Jeziorski, K. Szalewicz, JCP 95, 6576 (1991)
E. G. Hohenstein, C. D. Sherrill, WIREs 2:304 (2012)
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m gives rise to awhole family of methods

= developed in 1990s (SAPTO, SAPT2, ...)
m double-perturbation theory ESAPTO = EHF
int int
H=Fa +E%(+(W + AV + Eéfsz) + E(Ei(gl)—disp
EnT? = BT+ B + ELD + LY

W = Wi+ﬂzx t=(22) , t =(22)
. + Eind +'E

uctuation potential exch-ind

= (Ha ~Fa) + (Hs ~Fg) SoTTt = ESNTE + ER) + ERY
ESAPT2+(3) = ESAPT2+ 4 E(13) + E(3o)
int int elst disp

S. Rybak, B. Jeziorski, K. Szalewicz, JCP 95, 6576 (1991)
E. G. Hohenstein, C. D. Sherrill, WIREs 2:304 (2012)
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a devedoped in early 2000s
s Sngle-perturbation theory

ESAPT(DFT) — E(1) ®

int exch

+E@) + E@

exch—ind

( ) (2)
E i T Eexch disp

+5HF

m response properties from TDKS
with asymptotic correction for
KS potentials

A. Hesselmann, G. Jansen, M. Sch tz, JCP 122, 014103 (2005)
A. Misquitta, R. Podeszwa, B. Jeziorski, K. Szalewicz, JCP 123, 214103 (2005)



T4

m developed in early 2000s = terms depending on p and 8p: accurate
SAPT(DFT) — (1) 4 () i) 1
int elst exch tot
E(l) = tot r p o (rz)drldrg
+ El(lf(} + Ee(fc)hfind st J'pA( l)lrl - r2| B
2 2 1
+ Egis)p + EE‘XBIW*C“SP E‘f-i{) (A « B) = i wg (rl )a)B (r2 )aA(rll r.2|0)dr1dr2
+ 6 o -1 e nive e io)
@ " " an -, -r} .
1 1

m response properties from TDKS

A. Hesselmann, G. Jansen, M. Sch tz, JCP 122, 014103 (2005)
A. Misquitta, R. Podeszwa, B. Jeziorski, K. Szalewicz, JCP 123, 214103 (2005)
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" qgldoped In ea.rly 2000s s terms depending on p and &p: accurate
m Single-perturbation- theory = exchange terms: approximate
BT = B B (1) d L por,)drd
m s exe E 1) = tot, r po I )drdra
PEQHED, w T PR
2 2 1
YEQ 4 Eae  EDACB) =3 e (e (n)o(r, r0)drdr,
+ 6urr £Q) = _A7 an(ryrliwas(ryrlio) oo
4n [y =rd|r, -r/]

m ay (r, rlw): density susceptibility

A. Hesselmann, G. Jansen, M. Sch tz, JCP 122, 014103 (2005)
A. Misquitta, R. Podeszwa, B. Jeziorski, K. Szalewicz, JCP 123, 214103 (2005)



T4

m developed in early 2000s a terms depending on p and 8p: accurate
m Single-perturbation  theory = exchange terms: approximate
ESAPT(DFT) — g(1) 4 ()
int elst exch ES()Ch (Sz) = Ee(ic)h [VA/ VB, rA/ rB]
+ E(2d) + Ee(fc)hfind (2) 2 (2) % v
" ' Eexchfind (S ) = Eexchfind [VX' VX/ rX/ rx]
+ Eng125) + Effc)hfdisv (2) 2 (2) v 14
P ' F Eexchfdisp (S ) = Eexchfdisp [VX/ VX/ rX/ rX]
+ 6ur

m rely on reduced density matrices

A. Hesselmann, G. Jansen, JPCA 105, 11156 (2001)
A. Misquitta, R. Podeszwa, B. Jeziorski, K. Szalewicz, JCP 123, 214103 (2005)
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= near-CCSD(T) accuracy at N® cost (up to 3000 basis set functions)
a full PESsfor water, CO, benzene, acetylene, ...dimers
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the compumnl potcreial of eef 02

R. Podeszwa, R. Bukowski, K. Szalewicz, JPCA 110, 094106 (2006)
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Crystal Structure Prediction Protocol
.
& ) ol Loy
m automated generation of site-site e e
potentials (AutoPES program) 5 —
= PES sampling limited to short-range i e V| e
= long-range from asymptotic L7
expansion e wer \ | o) [
m SAPT(DFT)-based force eds — | ===
crystal structure prediction (CSP) .

R. Metz, K. Piszczatowski, K. Szalewicz, JCTC 12, 5895 (2016)
R. Nikhar, K. Szalewicz, Nat. Comm. 13 3095 (2022)
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m automated generation of site-site potentials (AutoPES program)
m SAPT(DFT)-based force eds — crystal structure prediction (CSP)

R. Metz, K. Piszczatowski, K. Szalewicz et al., JCTC 12, 5895 (2016)
R. Nikhar, K. Szalewicz, Nat. Comm. 13 3095 (2022)
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MB-SAPT
DFT-SAPT ' SAPT(MC) '

SAPT(CCSD)

1991-19%4
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TR=HK

m developed in 2019-2021 m relies on one- and two-particle reduced
density matrices (y, I') of monomers
ESAPTOMG) _ EO) 4 £O) = may be applied with any MC wave function
int elst exch (CAS, GVB-PP, DMRG, CIPdI, ...)
+E®) + E@)

exch—ind

m Single-perturbation theory

(2) (2)
+ Edisp + Eexchfdisp

+ Our

m response from extended RPA

K. Chatterjee, K. Pernal, JCP 12, 137, 204109 (2012)
M. Hapka, M. Przybytek, K. Pernal, JCTC 15, 1116/6712 (2019)
M. Hapka, M. Przybytek, K. Pernal, JCTC 17, 5538 (2021)
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m developed in 2019-2021 m relies on one- and two-particle reduced
density matrices (y, I') of monomers

m Single-perturbation theory
= may be applied with any MC wave function

Ene e = EQ) + EQ), (CAS, GVB-PP, DMRG, CIPS, ...)
+ B B
6 . . .
+EQ) +EC) o N scaling with the system size
+ bur © accuracy limited by
o quality of y, T
m response from extended RPA o quality of yv, v

© S2 approximation

K. Chatterjee, K. Pernal, JCP 12, 137, 204109 (2012)
M. Hapka, M. Przybytek, K. Pernal, JCTC 15, 1116/6712 (2019)
M. Hapka, M. Przybytek, K. Pernal, JCTC 17, 5538 (2021)
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m developed in 2019-2021 m relies on one- and two-particle reduced
density matrices (y, I') of monomers

m Single-perturbation theory
= may be applied with any MC wave function

= i = (CAS, GVB-PP, DMRG, CIPS, ...)
+E B ina
+ ngsi, + Egizh,disp © N8 scaling with the system size — EI()ZILP
+ Sur © accuracy limited by
o quality of y, T
m response from extended RPA o quality of p¥, TV

© S2 approximation

K. Chatterjee, K. Pernal, JCP 12, 137, 204109 (2012)
M. Hapka, M. Przybytek, K. Pernal, JCTC 15, 1116/6712 (2019)
M. Hapka, M. Przybytek, K. Pernal, JCTC 17, 5538 (2021)



N¢ scaling in SAPT(MC)
= evaluation of the E©? formula

disp
= solution of ERPA equations (Y, wy)
g - h i
ED =-"  dwTr g"CAw)C?(w)"g
0
o > h i h i wX
[Cx(w)lqu =2 YX X |4

v

pa " pa (W) + w?

Dispersion energy in SAPT(MC)




'rQ :_>< Dispersion energy in SAPT(MC)

Né scaling in SAPT(MC) N5 scaling achieved by
m evaluation of the Eszdjs)p formula a Cholesky decomposition of integrals
m solution of ERPA equations (Yv, wy) = recursiveformula for C (w)
@ g/ - h i
Edisp = _71.'_ 0 dw Tr gTCA(w)CB(w)Tg

Yoy




'rQ :_>< Dispersion energy in SAPT(MC)

Né scaling in SAPT(MC) N5 scaling achieved by
m evaluation of the Eszdjs)p formula a Cholesky decomposition of integrals
m solution of ERPA equations (Yv, wy) = recursiveformula for C (w)
g - h i
ES, =-~  dwTr D'CH(w)(w)'D

0

Yoy




'r 2 :Tx Dispersion energy in SAPT(MC)

Né scaling in SAPT(MC) N5 scaling achieved by
m evaluation of the Eszdjs)p formula a Cholesky decomposition of integrals
= solution of ERPA equations (Y, wy) s recursiveformulafor C (w)
J h i

8
Efoy = = CdwTr D'C* (w)C® ()" D

Yoy




'r 2 :Tx Dispersion energy in SAPT(MC)

m evaluation of the Efzdjs)p formula m Cholesky decomposition of integrals
m solution of ERPA equations (Yv, wv) = recursiveformulafor C (w)
gd = h i
E® =-"  dwTr D'CA(w)CB(w)TD
isp T




'r 2 :Tx Dispersion energy in SAPT(MC)

Né scaling in SAPT(MC) N5 scaling achieved by
m evaluation of the Eszdjs)p formula a Cholesky decomposition of integrals
= solution of ERPA equations (Y, wy) s recursiveformulafor C (w)
J h i

8
Efoy = = CdwTr D'C* (w)C® ()" D

Yoy




'r 2 :Tx Dispersion energy in SAPT(MC)

Né scaling in SAPT(MC) N5 scaling achieved by
m evaluation of the Eszdjs)p formula a Cholesky decomposition of integrals
= solution of ERPA equations (Y, wy) s recursiveformulafor C (w)
J h i

8
Efoy = = CdwTr D'C* (w)C® ()" D

Yoy




'rQ :_>< Dispersion energy in SAPT(MC)

= 1200 basis functions (2 hrs @4 CPUs for EG) )

AcOB-Pentan AcNHy-Ptane”  Peptide Pentaiie

M. Hapka, A. Krzemi ska, M. Modrzejewski, M. Przybytek, K. Pernal, JPCL 14, 6895 (2023)
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m developed in 2019-2021 m relies on one- and two-particle reduced
density matrices (y, I') of monomers

m Single-perturbation theory
= may be applied with any MC wave function

= i = (CAS, GVB-PP, DMRG, CIPS, ...)
+ B B
6 . . .
+EQ) +EC) o N scaling with the system size
+ bur © accuracy limited by
o qualityof y, T
m response from extended RPA o quality of yv, Tv

© S2 approximation

K. Chatterjee, K. Pernal, JCP 12, 137, 204109 (2012)
M. Hapka, M. Przybytek, K. Pernal, JCTC 15, 1116/6712 (2019)
M. Hapka, M. Przybytek, K. Pernal, JCTC 17, 5538 (2021)
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= MC analogue of SAPT(DFT) » terms depending on p and ép: accurate

a Sngleperturbation theory o exchange terms; approximate

ESAPT(MCsrDFT) _ E(1) +E®
int elst exch

. 6 .
+E®) + E@) o nominal N~ scaling

exch—ind
+E® +E@ © SAPT(MC) accuracy limits
e e o quality of y, I — improved by srDFT
+ dur o quality of yv, 'V — improved by xc kernel

m response properties from ERPA ¢ S* approximation

H. Stoll and A. Savin, in Density Functional Methods in Physics, 177-207 (1985)



"'Q 5)( MC-srDFT

Separation of the electron-electron interaction operator
1  1-erf(ur) erf(ur)
— = +
r .

r___ T
., X —,_,—X
DFT WFN

20 IJ=0 1 IJ=07 8

2

u=2.0

1

05 10 15 20 25 30

05 10 15 20 25 30 05 10 15 20 25 30

— DFT — WFN — 1f — DFT — WFN — 14 — DFT — WEN — 14

H. Stoll and A. Savin, in Density Functional Methods in Physics, 177-207 (1985)
A. Savin, in Recent Developments of Modern Density Functional Theory 327 (1996)
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E, = "JJ” llJ|T + Ve + ve';R|uJ + ngc[nu]
|L‘|LR WLR = ELR YLR

Hir =T + Ve +v‘“R +v§fc o

m static correlation described via WF f ” T s
= removal of electron-electron cusp from £
WLR g
m faster convergence with basis-set size S
m more compact wave function

A. Fert, E. Giner, ]. Toulouse, JCP 150, 084103 (2019)



Eal Al
PE>24 MC-srDFT
|:|LR =-|’—\ +\7ne +\'/\J(;R,IJ+\'/\}SDI§CIIJ ]qJR]
|:|LR /.I—»_o_' P'KS—DFT

A pew A
Hir ——Hcasscr

m static correlation described via WF . e

g iy TN, WP PR o
= removal of electron-electron cusp from £
WLR Z
= faster convergence with basis-set size E
m more compact wave function

10 e o 10000 100008 '
Number of determinants

A. Fert, E. Giner, ]J. Toulouse, JCP 150, 084103 (2019)
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r—o0 1

Vxe (r) - r
SAPT(DFT) SAPT(MC-srDFT)

m asymptotic corrections m range-separation of electron-electron
 Optimal tuning of i (LRC-DFT) interaction applied in monomer

. Hamiltonians
a [P-tuning (wrp) .
m optimal u value from extended

IP(wip) = —enomo(wip) Koopmans theorem
p(r) mexp(—Z 2 ILT')
m global density-dependent (wepp ) EKT
W. Cencek, K. Szalewicz, JCP 139, 024104 (2013) D. W. Smith, 0. W. Day, JCP 62, 113 (1975)

R. Baer, et al., Annu. Rev. Phys. Chem. 61, 85 (2010)
M. Modrzejewski, et al., JPCA 117, 11580 (2013)
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Polarization: rel. % errors wrt SAPT(CCSD)/avtz; A24 dataset
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SAPT(CAS-srDFT):
a improvement over SAPT(CAS)/SAPT(GVB)

a Polarization components close to SAPT(PBEOQ)
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Exchange: rel. % errors wrt SAPT(CCSD)/avtz; A24 dataset
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SAPT(CAS-srDFT):
m improvement over SAPT(CAS)/SAPT(GVB)

n E(l)h most sensitive to u value

exc.



TR=><

m Introduction

m SAPT

general

Many-body SAPT

SAPT(DFT)

Multicon gurational SAPT

SAPT(MC-srDFT)
m correlated electron densities of monomers
m improved rst-order terms in SAPT

interactions in ground vs. excited states



- r Q :_ >< Anisole: - - H,O,NH;

anisole-water anisole-ammonia
“J




=X

anisole-water amsole -ammonia

‘ﬁw

caseo)] i CAS(12,12)
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Anisole-H.O / ground state

SAPT Eo B Eno BNk B
HF

CAS(6,6)

CAS(12,12)

CASsrPBE

PBEO

SAPT2+(3)

supermolecular
CAS+DISP
CCSD(T)

aug-cc-pVTZ; milliHartee
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Anisole-H.O / ground state

SAPT Eb  ED. BEno BNk Ew
HF

CAS(6,6)

CAS(12,12)

CASsrPBE

PBEO

SAPT2+(3)

supermolecular
CAS+DISP
CCSD(T)

2 2
aug-cc-pVTZ; milliHartee EIND = (nc)i + E(eth—ind

+ Opr
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Anisole-H.O / ground state
SAPT E«Ss)t Eéi)ch Eino (21) SP Eine
HF
CAS(6,6)
CAS(12,12)
CASsrPBE
PBEO
SAPT2+(3)

supermolecular
CAS+DISP

CCSD(T)
O ) =)

aug-cc-pVTZ; milliHartee ISP disp exch—disp




T4

Anisole-H.O / ground state
SAPT Eéllzt EE,)l()ch Eno El(jzl)sp Eint
HF
CAS(6,6)
CAS(12,12)
CASsrPBE
PBEO
SAPT2+(3)

supermolecular

CAS+DISP

CCSD(T)

aug-cc-pVTZ; milliHartee CAS+DISP= ElgtA SSCF 4 E]g21)5 P
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Anisole-H,O / ground state

SAPT EQ), EY Eno ESkp B
HF -11.84 10.95

CAS(6,6)  -12.38 1173

CAS(12,12) -11.30 1153

CASsrPBE

PBEO

SAPT2+(3)

aug-cc-pVTZ; milliHartee
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Anisole-H,O / ground state

SAPT EQ, EY Ewo ES  Em
HF -11.84 10.95
CAS(6,6)  -12.38 1173

CAS(12,12) -11.30  11.53
CASsrPBE  -11.64  13.22
PBEO

SAPT2+(3)

aug-cc-pVTZ; milliHartee
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Anisole-H,O / ground state

SAPT EQ, EY Ewo ES  Em
HF -11.84 10.95
CAS(6,6)  -12.38 1173

CAS(12,12) -11.30  11.53
CASsrPBE  -11.64 1322
PBEO -11.18 1278
SAPT2+(3) -11.57 1298

« CASsrPBE > CAS(12,12) > CAS(6,6)

aug-cc-pVTZ; milliHartee
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Anisole-H,O / ground state

SAPT EQ) EY). Eno S Ein
HF -11.84 1095 -3.62 -475 -9.26
CAS(6,6) -12.38 11.73 -3.63 -494 -9.22

CAS(12,12) -11.30 1153 -350 -493 -8.19
CASsrPBE -11.64 13.22 -357 -487 -6.86
PBEO -11.18 1278 -355 -517 -7.11
SAPT2+(3) -11.57 1298 -399 -551 -8.09

« CAS(6,6) close to HF
» CASsrPBE close to PBEO

aug-cc-pVTZ; milliHartee
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Anisole-H,O / ground state

SAPT EQ) EY. Eno Pep Eim
HF -11.84 1095 -3.62 -475 -9.26
CAS(6,6) -12.38 11.73 -363 -494 -9.22
CAS(12,12) -11.30 1153 -350 -493 -8.19
CASsrPBE -11.64 1322 -357 -487 -6.86
PBEO -11.18 1278 -355 -517 -7.11
SAPT2+(3) -11.57 1298 -399 -551 -8.09
supermolecular

CAS+DISP -8.65
CCSD(T) -7.70

aug-cc-pVTZ; milliHartee
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Anisole-NH, / ground state

SAPT EQ. EY Emwo S Ein
HF -5.69 579 -1.06 -535 -6.30
CAS(6,6) -5.53 592 -1.03 -539 -6.04

CAS(12,12) -563 596 -1.04 -541 -6.13
CASsrPBE ~ -559 657 -1.04 -547 -5.53
PBEO 555 657 -104 -566 -5.68
SAPT2+(3) -552 634 -1.09 -6.04 -6.31

« CASsrPBE > CAS(12,12) ~ CAS(6,6)

aug-cc-pVTZ; milliHartee
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Anisole-NH, / ground state

SAPT EQ. EY Emwo S Ein
HF -5.69 579 -1.06 -535 -6.30
CAS(6,6) -5.53 592 -1.03 -539 -6.04

CAS(12,12) -563 596 -1.04 -541 -6.13
CASsrPBE  -559 657 -1.04 -547 -5.53
PBEO 555 657 -104 -566 -5.68
SAPT2+(3) -552 634 -1.09 -6.04 -6.31

supermolecular
CAS+DISP -6.24
CCSD(T) -5.83

aug-cc-pVTZ; milliHartee



-r Q w >< Vertical excitations

anisole(n-n*)- water amsole(n n*)- ammonia
5

4"3&::.

m How does the interaction change upon vertical excitation?
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vertical exc. AE; =E® -EF
a-HQO a'NH3
CASSCF  CASsrPBE ~ CASSCF  CASsrPBE

AED)

elst

AE(®

exch
AEIND
AE$32I)SP
AESAPT

int

aug-cc-pVTZ; milliHartee - stabilization + destab.



=X

vertical exc. AE; =E® -EF
a-H20 a‘NH3
CASSCF  CASsrPBE  CASSCF  CASsrPBE

AE() 0.83 2.52 0.12 -0.21
AEX) -0.13 -0.06 -0.08 0.21
AEinp 0.10 0.16 0.01 -0.07
AER) -0.02 -0.32 0.03 ~0.12
AESAPT 0.78 2.29 0.08 -0.19

« destabilization of ES due to AE )

elst

aug-cc-pVTZ; milliHartee - stabilization + destab.
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vertical exc. AE; =E® -E”
a-H.0 a-NH,
CASSCF  CASSrPBE  CASSCF  CASsrPBE

MBS 0.83 252 0.12 0.21
AEX) -0.13 -0.06 -0.08 0.21
AEinp 0.10 0.16 0.01 -0.07
AE®) -0.02 -0.32 0.03 -0.12
AESAPT 0.78 2.29 0.08 -0.19

int

- stabilization of ES due to AE(n>1)

aug-cc-pVTZ; milliHartee - stabilization + destab.



=X

vertical exc. AE; =E* -EF
a-H20 a‘NH3
CASSCF  CASSrPBE CASSCF  CASsIPBE

AED) 0.83 2.52 0.12 ~0.21
AEX) -0.13 -0.06 -0.08 0.21
AEinp 0.10 0.16 0.01 -0.07
AE) -0.02 -0.32 0.03 -0.12
AESAPT 0.78 2.29 0.08 -0.19
AESAS*DIST 0,73 0.09

AESE? 1.70 -0.46

int

cc2 _ gCesp(T) .’ cc2 2
AEint _Eint,gs + w(AB)* wg’g




3 re -_>< Adiabatic excitations

anisole(n-n*)- water 1 I anisole(n-n*)- ammonia
8':(# .

m How does the interaction change upon adiabatic excitation?




TR=XX

Anisole: - - H-O,NH3

adiabatic exc. AE; =E* -Ef
a-H.0 a-NH,
CASSCF  CASsrPBE  CASSCF  CASsrPBE

AE() 2.12 3.00 -2.52 -4.12
AED) -3.37 -3.47 4.87 5.25
AEinp 1.16 1.21 -1.05 ~1.40
AER) 0.51 0.25 -1.16 ~1.42
AESAPT 0.42 1.00 0.15 ~1.69

int

« destabilization of ES due to AE(»>1)

aug-cc-pVTZ; milliHartee - stabilization + destab.



=X

adiabatic exc. AE; =E* -Ef
a-H.0 a-NH,
CASSCF  CASsrPBE ~ CASSCF  CASsrPBE

AET) 212 3.00 -2.52 4.12
AEX) -3.37 -3.47 4.87 5.25
AEinp 1.16 1.21 -1.05 -1.40
AERY 051 025 116 142
AESAPT 0.42 1.00 0.15 -1.69

int

« stabilization of ES due to AE(r>1)

aug-cc-pVTZ; milliHartee - stabilization + destab.



=X

adiabatic exc. AE; =E® -E!
a'HQO a'NH3
CASSCF  CASSrPBE  CASSCF  CASsrPBE

AECY 2.12 3.00 ~2.52 -4.12
AED) -3.37 -3.47 4.87 5.25
AE;np 1.16 1.21 ~1.05 -1.40
AE®) 0.51 0.25 -1.16 -1.42
AESAPT 0.42 1.00 0.15 -1.69
AECAS+DISP 0.31 _025

AECC 0.78 2.14

int
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SAPT variant for multireference systems

E ciency Accuracy
m nhominal Né scaling m intramonomer correlation
C new algorithm for E3),(MC) C  SAPT(MC-srDFT)
¢ tensor hypercontraction (THC) < perturbative corrections to y, I

M. Hapka, et al, JPCL 14, 6895 (2023)

Applicability
GAMM C APTOMED
CORM + G AP
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