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Multipole expansion
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J. G. Kirkwood, 1932
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Legendre function
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Multipole expansion

P,(x)=(2x*-1)/2
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Definite contributions
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Onsager Theory
E..=E,+E;

ES = Ee + Ed + EC Electrostatic, dispersion, cavitation contributions
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Multipole contributions into AG (kcal/mol)
for n-propylamine in water (£€=78)

Soherical sh pe E”IpSOId shape of Cavity #
of savity

t=1 |-0.874| =1 | -1.159
2 |-1.075| 2 -0.724

3 [-0.915| 3 -0.107

4 1-0.592

S
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-0.378
-0.188
7 1-0.129
total | -4.15 | total | -1.99 10




KoMmnoHeHTa Ky0i4HOI Tt-rinepnonApu3oBHOCTI
v(-30;0,0,0) (aT. 04.) BNPOAOBX AOBrol BiCi
T-CUCTEM Y pPi3HuX cepeposuwax (FCI)

Moaekyiaa |® (B eB)| Bakyym | Llukiorekcan | AueroHirpua | MeraHoJa
Hadramin 0 2482 3170 4563 21728
0.65 3038 3945 5833 3359
1.17 5190 7103 11513 5847
OkTarerpaeH 0 0.229-10° 0.293-10° 0.366-10° 0.271-10°
0.65 0.318-10° 0.418-10° 0.537-10° 0.384-10°
1.17 0.938-10° 0.143-10° 0.218-10° 0.125-10°
0 0.205-10° 0.281-10° 0.344-10° 0.243-10°
—\_~—"\| 0.65 0.294-10° 0.417-10° 0.524-10° 0.355-10°
1.17 - -0.161-106 -0.152-10° -
0.172-10° 0.165-10°
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[TopIBHAHHA CONbBaTOXPOMHUX 3CYBIB

Nno BIAHOLUEHHIO A0 BaKyymy (A, eB)

metopaiB FCIl i CIS ana HanHMX4nxX nn*— nepexonis

OkKTarerpacH Hadrauain
CepenoBuie ACIS | AFCI | ACIS | AFCI
[{ukmorexkcan 0.152 | 0.150 | 0.024 | 0.076
benzon 0.1/73 | 0.173 | 0.028 | 0.085
MeTtanon 0.281 | 0.284 | 0.050 | 0.140
Hapg moepxuero NaCl | 0.110 | 0.110 | 0.008 | 0.031
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ICTUMHOI» NOPOXHUHU

d®opMmyBaHHA «pean

13



General solution of electrostatic problem

Methods
1) “Apparent” surface charges
2) Multipole expansion
3) Generalized Born Approximation
4) Finite-difference schemes

VA (r)=47zp(r) in cavity
—VAV(r)=0 outside cavity
V(r) =V, (r) +Vg(r)

V (r) J' G(S) d SNZG(gk)Sk

[T =5, |
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Polarization Continual Model

(H+V(¥) ¥ =E W

Self Consistent Reaction Field (SCRF) — nonocTtb - Habop nepekpbiBatoLLnxcs chpep
Static isodensity surface for the cavity (IPCM)
Self-Consistent Isodensity PCM (SCIPCM)

«charge penetration» problem
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COSMO (conductor-like screening model)
A. Klamt (1993)
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Implemented in MOPAC, ADF, GAMESS, ORCA

Estimation of accuracy 1/ (28)
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