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1. Quantum Drude Oscillator (QDO)

Light negative particle tethered harmonically
to heavy positive, oppositely charged nucleus

Free parameters
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2. Invariants predicted by QDOs
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3. QDO-water model

Frame: ground state moments
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4. QDO-water model (continued)
Short range interactions
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5. Efficient sampling: APIMD-QDO
(Adiabatic Path Integral Molecular Dynamics applied to QDOs)

1. Write partition function of N particles as path integral, P slices
P

28)=wp() = [ &5 [[pldidivir) =5/
=1

2. Define effective (classical) potential of NxP particles
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3. Approximate resulting high temperature density matrices
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6. Liquid QDO-water

Radial distribution function  Vapour pressure
46 = 2 kJ / mol

exp: 43.91 kJ/mol

Skinner et al. (exp).
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7 . Liquid-vapour interface (unoptimised model)

Density and dipole moment Electronic distribution

(ground state distribution substracted)
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8 . Liquid-vapour interface (continued)

Surface charge density
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9. Liquid-vapour interface (continued)

Surface expansion of nearest neighbour distance by 1-2%
(only classical model with a surface expansion)
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H-O—O angle: B (degrees)

10. Liquid-vapour interface (continued)

Weaker hydrogen bond at the surface >

Bulk Surface

H-O—O0 angle: B (degrees)
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The hydrogen bond forms in the valleys of the PMF (Potential of Mean Force)




11.Liquid-vapour interface (continued)

How are hydrogen bonds broken?

2 Acceptor: 16%

charge loss
I charge gain

neighbour oxygen

2 Donor: 4%

1 Donor: 80%




12. Liquid-vapour interface (continued)

Tetrahedrality
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