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Anomalous properties of water
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Argon: a model simple liquid

Structure factor
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Water: an associating liquid

Hydrogen
bonds

Effective isotropic two-body potential
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How do the single-particle dynamics
of water and a simple liquid differ?



Collective Dynamics

Full-intermediate scattering function: Local density

F(Q.1) = ~ / dx X% (p(x, £)p(0,0))

Theory: Navier-Stokes Equation
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Experiment: Inelastic X-ray Scattering, Dynamic Light Scattering, Neutron Spin-echo



Single-particle dynamics

Tagged particle position
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F,(Q 1) — / dx 9% (5(x — [R(t) — R(0))))

Theory: Langevin equation
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Self-intermediate scattering function:

Experiments: Quasielastic neutron scattering, Pulsed gradient spin echo NMR

Quasielastic neutron scattering (QENS) essentially measures the self-
intermediate scattering function of hydrogen atoms




The self-intermediate scattering function

Fy(Q,t) =~ exp (-éQQ ([R(t) — R(O)]2>>

Long-time limit:

lim Fy(Q,t) ~ e 101
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Argon near the triple point




Single particle dynamics of bulk water

MD trajectory:

J. Quist et al., J. Chem. Phys. 134, 144508 (2011)
Decoupling approximation:

FS(Q) t) — Fshort(Qa t) ) Flong(Qa t)

Relaxing-cage model:
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Water near the triple point
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Jump-diffusion model:
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How does confinement affect the
single-particle dynamics of water?



Confined water

 Confinement introduces finite-size and surface effects

MCM-41 mesoporous silica material Suppression of freezing
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Confined water dynamics

e Confined water dynamics are slow, non-exponential and
inhomogeneous

Water in MCM-41
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Dynamic crossover
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How do the single particle dynamics
of confined water depend on the
hydration level?



MCM-41 at different hydration levels

Full hydration Monolayer hydration
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Intensity (arb.units)

Experimental QENS spectra

Scattering intensity:

[(Q,E) ~ [ dt eFVPE(Q,t)

Fit model:

Fy ~ Aexp [—(T't)"]
B=0.5

Energy (ueV)

C. E. Bertrand, K-H. Liu, E. Mamontov and S.-H. Chen, Phys. Rev. E 87, 042312 (2004)
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Experimental decay rates
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Relaxation times
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Proposed mechanism for dynamic crossover
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Conclusions

* Measurements of water dynamics at low
hydration can be used probe surface-water

iInteractions.

* The single particle dynamics of water remain
jump-diffusive in confinement.

 Water does not exhibit a dynamic crossover at
monolayer hydration.
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