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AMOEBA: Multipolar and Polarizable Potential 
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𝐸𝐸𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 = 𝐸𝐸𝑏𝑏𝑏𝑏𝑏𝑏 + 𝐸𝐸𝑎𝑎𝑎𝑎𝑎𝑎 + 𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝐸𝐸𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 + 𝐸𝐸𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 + 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝐸𝐸𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 =

Ren, JPCB, 2003
Ponder, JPCB, 2010
Jing, Ann. Rev. BioPhys., 2019

(Atomic Multipole Optimized Energetics for Biomolecular Applications)



Outlines and Objectives
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 Theories of SAPT with minimal math

 Practice on running SAPT with Psi4

 How we explored each energy component

 Lessons learned from the past

 General idea of improving a force field

reading material: 

https://biomolmd.org/mw/index.php/Ammm:Mm_aplus



Interaction Energy: Supermolecular Approach
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𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖 = 𝐸𝐸𝐴𝐴𝐴𝐴 − 𝐸𝐸𝐴𝐴 − 𝐸𝐸𝐵𝐵

o Gold standard

o CCSD(T)/CBS

o Basis set superposition error 

 Relies on error cancellation

 Lack of nature of interactions



Symmetry Adapted Perturbation Theory
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 Schrodinger’s equations for monomers A and B

 Hamiltonian of the dimer

 Solution of the unperturbed 𝐻𝐻0



Symmetry Adapted Perturbation Theory
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 The interaction energy expressed as a sum of perturbation corrections

 Anti-symmetrizer operation

 Differences are called exchange energies



Symmetry Adapted Perturbation Theory

𝐻𝐻 = 𝐹𝐹𝐴𝐴 + 𝐹𝐹𝐵𝐵 + 𝑊𝑊𝐴𝐴 + 𝑊𝑊𝐵𝐵 + 𝑉𝑉
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 Hartree-Fock (HF) Approximation and Correlation

o Mean-field theory

o Correlation methods (MBPT, CC)

 SAPT Hamiltonian

𝐹𝐹: Fock operator
𝑊𝑊: Intramonomer correlation operator
𝑉𝑉: Intermonomer interaction operator



Symmetry Adapted Perturbation Theory

 Interaction energy is expressed

 SAPT energy component
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i(j) is the order in V(W)



Symmetry Adapted Perturbation Theory

 Levels of SAPT
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Symmetry Adapted Perturbation Theory

 Levels of SAPT
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o Electrostatics
o Induction
o Exchange
o Dispersion



SAPT and CCSD(T)/CBS Calculations
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 Input files

o /home/liuchw/public_html/AMM_aplus

o https://biomol.bme.utexas.edu/~liuchw/AMM_aplus

 Compare the results



SAPT and CCSD(T)/CBS Calculations
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𝐸𝐸𝐻𝐻𝐻𝐻 = −3.62 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘/𝑚𝑚𝑚𝑚𝑚𝑚

𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆0 = −5.70 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘/𝑚𝑚𝑚𝑚𝑚𝑚

𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆+ = −5.13 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘/𝑚𝑚𝑚𝑚𝑚𝑚

𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆+𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = −5.18 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘/𝑚𝑚𝑚𝑚𝑚𝑚

𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆+ 3 𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = −4.94 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘/𝑚𝑚𝑚𝑚𝑚𝑚

𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶(𝑇𝑇)/𝐶𝐶𝐶𝐶𝐶𝐶 = −5.11 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘/𝑚𝑚𝑚𝑚𝑚𝑚

SAPT CCSD(T)



Dimer Interaction Networks for Organics
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Water
 Dimer set

o Homodimer
o Heterodimer
o 42 molecules
o 280 pairs 
o 10 separations

 Interaction energy
o SAPT2+(3)dMP2/aTZ
o MP2/CBS
o CCSD(T)/CBS (some)

o Element coverage: C, H, O, N, S, F, Cl, Br

(Wat-MeOH)
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