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| ntroduction

Symmetry-adapteperturbatiortheory(SAPT)[1] isanuse-
ful tool for calculatingnteractionenegiesof vander\Waals
molecules.The SAPT interactionenepgy is

e BSSE-freeand

e can be interpretedin termsof physically meaningful
componentssuchas

first-orderelectrostati¢E % t) second- ordeinduction(E (2) d)

second- ordedlspersmn(E ) termsand their exchange

counterpartsfirst- orderexchange(E Ch) exchange-lnduc-

tion (Eex)ch_ . 4)» andexchange- dlspersm(EeXCh OllSp)

In mostcasesexactwave functionsof monomersarenot
known. Usually SCFmonomerdeterminantsare usedas
thezeroth-ordeapproximatiorio themonomersiwave func-
tions and the monomerfluctuation operatorsbecomethe
additional perturbations. This leadsto the Mgller-Plesset
(MP) expansionof SAPT corrections.

M otivation

The inductionenegy Is the major second-ordecontrilu-

tion to theinteractionenegy of the polarmonomersHow-

ever, even for the caseof nonpolarmolecules,the short-

rangeinductionenegy shouldbeincludedin arny guantita-

tive descriptionof intermoleculainteractions.

Two typesof the MP expansionsof the inductionenepy

wereproposed:

¢ the nonrelaxed expansion[2] — a simple applicationof

the MP partitioning of monomerHamiltonians,the or-
bital responses nottakeninto account,

¢ the relaxed expansion[3] — an additionalterm is added
to the monomerfluctuationoperatoy so that the orbital
relaxationis accountedor in eachorder:

EI(I?()i — Z Ei(r?(ﬁ‘esp (1)
n=>0

The corvergenceof both expansionswvas not investicated
sofar. Sometime ago,Olsenandcollaboratorg4] shaved
that similar correlationexpansiondor the dipole moment
arestronglydivergent. Giventhefactthatin the multipole
approximationthe MP expansionsof the dipole moment
and of the induction enegy are closely related,one may
expectthatthe MP expansionof the inductionenegy will
bedivergentaswell. Thereforetheaim of thiswork is

e {0 presennhonperturbatie alternatvesfor thecalculation
of the correlationpartof theinductionenengy;

¢ to comparaghe MP inductionenegy calculatedupto the
secondorderin termsof the fluctuationoperatoy

(22) 20 ™R with the inductionen-
ind,resp ind,resp ind,resp

ergy obtainedoy thosenonperturbatie methods;

e t0 Identify other possiblemissingfactorsin the SAPT
enenpy.

M ethod

We considerthe interactionof two closed-shelmonomers
A andB. The expressionfor the enegy of the induction
InteractionbetweenA and B, E( ), IS obtainedfrom the
second-ordeRaerlgh-Schndlngerperturbatiortheoryof
Intermoleculaforces(polarizationtheory). It canbe writ-
tenasa sumof termscorrespondindo the polarizationof
the monomerA by the electrostatidield of themonomemB

(©2B), F. >(A < B), andvice versa:
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(2) _ gD« By + EX(B « A). (2)

ThecomponentE( >(A < B) is givenby:

El(n()i(A (_ B) <825A(C)> 7 (3)
¢=0

¢

where &y (¢) is the lowest eigervalue of the Hamiltonian
Hp + (C)p.

Theoperatoi)y is definedby the equations:

Np
Op =) wp(ry), (4)
1=1
wp(rs) = up(rs) + / pp(r;)—dr;. (5)
Tij

wherepg(r) is the electrondensityof themonomerB, and
up(r;) describeghe interactionbetweenthe electron: of
themonomeiB andthenucleiof themonomerA.

In the presentwvork we will consideranapproximatioro
Ei(fg obtainedoy replacingin Eqg.(3) theexactenegiesand
In Eq. (5) the exact electrondensities by the approximate
enegiesandelectrondensitieobtainedirom

e the CCSDmethod(relaxed),

e the CCSDmethod(nonrelaxed),
e the QCISD method(relaxed).
E.g.for the CCSDmethodwe have

( ) 82SECSD(C) 825§CSD(C)
md(CCSD) < 8(2 C:()—I_ 8@2 o ;
(6)

where£{“PP(¢) and£59°P(¢) arethe CCSDenepiesof
themonomerA andB, respectrely, computedwith theper
turbed Hamiltonians Hy + ¢Q5“°P and Hy + ¢Q§“P,
respectiely. The operatorsQ“>P and QP were ob-
tainedfrom EQs. (4)—(5) with the electrondensitiesp (r)
andpp(r) approximatedy their CCSDexpressionslit can

beshawvn thatE( )(CCSD) IS exactto thethird-orderin the
mtramonomercorrelatlon andsumsup a specificclassof
diagramgsingle,double ,anddisconnectequadruple=xci-
tationdiagrams}o infinite order

To investicate the corvergenceof the expansion(1l) we
will comparethe induction enegy computedthroughthe
secondorder:

E% @) =g 4 g (7)

ind ind,resp ind,resp’

with Eif()l(method). Thus,thedifference,

2)

AP (method) — E\)(2),  (8)

- 1(method) = E?

ind

representghe contrikution of the third and higherorder
SDQ diagramsto the second-ordemductionenegy. The

term E(ZZO) wascalculatecby usingin Eg. (3) the MP2

enegy of the monomerA andin Eq. (5) the SCFelectron

densityof themonomerB.
Theintermolecularnnteractionenegy Elsné\PT wasrepre-

sentedy thesumof thefirst- andsecond-ordepolarization
andexchangecontrikutions:

SAPT _ (1)

int elst

T E(xz:h T El(n(?l T E((ils)p

T E( | T E(ngh det T Ee(zxg;h disp- )

exch—ind

Technical detalls

Results

Tablel: Comparisorof theinductionenegy calculatedcoby
the secondorder Mgller-Plessetand variousnonperturba-
tive methodgall entriesarein cm™1).

(HoO), (HF) (CO) (Ng)o He-HO

) —~666.35-833.09-42.87-15.75  —7.88
2 ~148.16-206.41-16.74 —7.26 —0.50
AP (CCSD,nonr)  46.94 5543 8.20 0.48  0.40
Al (cosp) 47.49 5519 7.81 049  0.37
N )(QcIsD) 36.17 3452 697 017  0.36
tEmd) ~116.11-174.51 -1.78 —4.32 —0.04

Table2: Componentf the interactionenegy (in cm™1)
calculatedor variouscomplees.

(HoO),  (HF)  (CO)  (Ng)o He-HO

B (4) —2202.29-2094.32-136.73 —69.22 —7.52
0 (co —2199.53-2090.55-136.81 —69.16 —7.44
B 1927.06 2055.02 225.29 116.95 43.12
EP(2) -814.51-1039.50 —59.61 —23.01 —8.38
g@h (2 404.81 490.48 46.94 20.42  1.89
gccsm ~767.02 —984.31 -51.80 —2252 -8.01
f{ch _(CCSD)* 38120 464.44 4275 19.98 181
o ~703.08 —600.19-201.45-143.76 —53.18
E® 9371 7082 1175 664 152

P

E? ~198.00 —207.86 —17.27 -5.14 —2.59
EpaPE(2)a ~1492.30-1325.56-128.82 —97.12 -25.14
EpAPT(CC)b ~1465.66-1292.64-127.54 —97.01 -24.77
EC-SP) ~1480.89-1349.86 —85.95 —87.90 —24.68

1nt

TheSAPTcalculationavereperformedwith the SAPTpro-
gram[5]. The coupled-clusteelectrostaticcorrectionand
Inductionterms, as well asthe supermoleculaCCSD(T)
enegieswereobtainedusingthe Molpro packagd6], uti-
lizing analyticalMP2, CCSD, and QCISD electronden-
sities available in this packagg7—9]. The densitieswere
usedfor the constructionof €2y operatorgEqgs. (4)—(5)).
Then the finite-field calculationswith the €2y perturbing
field were performedin orderto obtainthe inductionen-
engy. Thefield strengthof 0.005wasused.

We have performedcalculationdor severalvanderWaals
complees:
1.two polarmolecules(HF), and(H>O),,

2.two nonpolamolecules(CO) and(N»)o,
3.araregasatomanda polarmolecule:He—H,0.

Thesesystemscanbe consideredasrepresentatiesof van
der Waalsmoleculesboundby electrostatiandinduction,
electrostaticinduction,anddispersionandpuredispersion
forces. In all caseswe consideredthe structurescorre-
spondingto the global minima on the correspondingoo-
tentialenegy surfaces.

Exceptfor the He atom, we usedthe medium-polarized
basissetsof Sadlej[10]. For heliumwe usedthe[7s3p2d]
basisfrom Ref.[11].

* Approximatedcorrections:

E(2)

exch—

.q(method) =

(20)

exch—ind,resp E(n()l(method)

(20)
ind,resp

(10)

YThe electrostatiderm approximatecas £/ lst(1\/[P4(SDQ)) plus the MP4(T) contri-

bution. The induction and exchange-inductioriermsapproximatedoy Ei(j()i(2) and

7

on_ind(2), respectrely.
b

Theinductionandexchange-inductiotermsapproximatedy E

7

exch—

_(CCSD), respectiely.

Conclusions

The electrostatidermapproximateds £, ) .(CCSD) plusthe MP4(T) contribution.
(CCSD) and

e Theconvermgenceof therelaxedMgller-Plesseexpansion
for the induction enegy restrictedto the secondorder
appeardo besatishctoryin mostcases.

e Theeffectof thethird andhigherordertermsincludedin
CCSDtheoryis small. A differencebetweerrelaxedand
nonrelaxed CCSDinductionenegy is nggligible.

e Comparisorof the SAPTandCCSD(T)resultssuggests
thata disagreemenbetweerthesetwo setsof theresults
canbe causedy higherorderintramonomerorrelation
correctionsto the dispersionenegy, anda more elabo-
ratemodelof thesenteractionsshouldbe devised.
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