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Åchemistry in the condensed phase

Åeffective fragment potential (EFP) method

Ådevelopment of EFP in Q-Chem

ÅQM/EFP for excited states

ÅApplications:

Áformaldehyde-water clusters

Áp-nitroaniline-water clusters



Real chemistry happens in solution!

Solvent effects:

ÅElectronic properties of the solute

ÁDipole moment

ÅConformational space of the solute

ÅSpectroscopic properties

ÁShifts in electronic, vibrational, and rotational 

spectra

ÅTautomerization, acidity/basicity

ÅChemical reactions



Electronic structure in environment

Environment can:

Ámodify PES and coupling of solute electronic states or 

even create new electronic state (CTTS)

Áchange localization of electronic states

Ácreate complex dynamics

Solvatochromism:

differential solvation of 
the ground and excited 
states of chromophore

Peter Keusch



Photocycle in PYP



Smart models for big problems

ÅImplicit solvent

ÁSelf-consistent reaction field

ÁPolarizable continuum model

ÁLangevin dipoles (Warshel)

ÅExplicit solvent: QM/MM

ÁForce-fields, EFP

ÁONIOM (Morokuma)

ÅSeparation techniques

ÁFragment molecular orbitals (FMO) (Kitaura)

ÁDivide-and-Conquer (Merz)

ÅCar-Parinello MD: plane-wave DFT

ÅLocal correlation methods

ÅLinear scaling methods 
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QM/MM

ÅQuantum mechanics / molecular 
mechanics (QM/MM) approach

ÅSolute: accurate ab initio
methods 
ÁGround electronic state: MP2, 

CCSD, CCSD(T)

ÁExcited electronic states: CI, EOM-
CC family, TD-DFT

ÅSolvent: accurate ab initio-
based (no fitted parameters!) 
force field method 
ÁEFP



Effective Fragment Potential method

Einteraction = Ecoulomb

+ Epolarization

+  Edispersion

+  Eexchange-repulsion

+  Echarge-transfer

Perturbation theory applied to non-interacting fragments

long-range 

perturbation theory

short-range 

perturbation theory



Long-range perturbation theory
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Short-range perturbation theory

rA rB

Densities overlap 

at short distances:

wave functions should be 

antisymmetrized

overlap S

 

Y=
1

2(1-S2)
a(1)b(2)-a(2)b(1)

new term appears:

exchange-repulsion energy

expressed as a series in orders of S, truncated at S2

 

Eex-rep=f (S)

charge-transfer energy - interaction of occupied orbitals in A 

with virtuals in B and visa versa

also expressed as a series of S



EFP set-up

1. MAKEFP (produces EFP parameters)

a set of ab initio calculations on each unique fragment 

Á Electronic density Č set of point multipoles (DMA)

Á Static polarizability tensors at LMO (coupled HF)

Á Dynamic polarizability tensors at LMO (TDHF)

Á Wave function & Fock matrix (HF)

2. EFP calculation

Á EFP-EFP interactions by semi-classical formulas 

using EFP parameters

Á QM-EFP interactions as 1-electron terms in QM 

Hamiltonian, using EFP parameters



Effective fragment potential method

Åpolarizable force field

Åall EFP force field parameters are obtained from a 

separate ab initio calculation: no fitted parameters

Åcomputationally cheap

Åcovers all major types of intermolecular forces

Åaccuracy of EFP can be further improved 

Åin present implementation, accuracy of EFP is 

similar to accuracy of MP2

Ågives physical insight



EFP: studied systems (GAMESS)

ÅH-bonding systems:
Ádynamics of water

Ábonding of polar solvents 

Áwater-alcohol mixing 

Ásolvation of aminoacids

Áaqeous reactions

Áhydration of ions

Åp-p interactions:
Ácomplexes of benzene and 

benzene derivatives

Ábenzene-water interactions

Ácomplexes of styrene


