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Proton transfer

The kinetics of proton in water cannot be measured experimentally

but the IR spectrum can!
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IR spectrum of pure water
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IR spectrum of protonated water
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Where is a signal from a proton
transfer mode (PTM)?
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Default calculations
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Simulation protocol

proton and 216 water molecules

8 starting configurations / at least
500 ps of equilibration (NVT)

300K (Nose-Hoover) and 1 atm

8 ns ’production run’ (NVE),
timestep 0.5 fs

MS-EVB3 methodology, SPC/Fω
water model

hydronium ion - oxygen atom with
three shortest O-H bonds

H+(H2O)n, where
n = 1, 2, 3, 4, 6, 26, clusters cut out
from simulation box
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Looking for an excess proton . . .
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Comparison with experiment
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Gaussian clusters - Zundel-like structures
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Gaussian clusters - Zundel-like structures
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H+(H2O)6 cluster
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Summary

IR signal of an excess proton in protonated liquid
water is located near 1740 cm−1

a signal around 1000 cm−1 fades away in clusters
with n > 2, which is supported both by MS-EVB3
and CP2K calculations

proton continuum arises mostly from Eigen-like
structures
clusters-in-liquid approach is generic and could be
applied to any simulation protocol that generates
a charge distribution, therefore it may be useful
for probing mixed solvents, interfaces, proteins
and membranes.
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Applications of MS-EVB methodology
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MS-EVB3 clusters
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CP2K clusters

Waldemar Kulig Clusters-in-liquid IR

Preliminary version – September 19, 2012
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ACF in ’clusters-in-liquid’ approach
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