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Water - "Structured” Liquid
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Structure and Dynamics at Interfaces
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Structure - Dynamics - Spectroscopy
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Outline

e SI0,(101)-H,0 Interface
« Connecting H-bond structure to dynamics
« Graph description of H-bond network

 Sum Frequency Generation (SFG) Spectroscopy
 Dynamics and Reproducibility

* Al,0,4(1120)-H,0 Interface
e SFG at a Disordered Surface
o Effect of Functional

e Fe/Ni Oxyhydroxides
« Applications for Water Splitting
 Dynamics of Confined Water



S10,(101)-H,0 Interface
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Ab-Initio Simulations
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Density Profile: Water-H
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Density Profile: Water-H

Probability Density (A1-103)
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VDOS: Water-H

VDOS (arb. units)
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H-Bond Network: Graph Representation
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Network Correlation Function
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Network Correlation Function
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Network Correlation Function
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Interface = 2D

Interface
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Sum Frequency Generation (SFG)
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Calculation: Challenges
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Calculation: Challenges
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Calculation: Solutions

Separate the Atomic and Electronic Dynamics

Pre-Processing Molecular Dynamics
Fit atomic a to Run MD
training set Simulation
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Effective Polarizabilities
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Effective Polarizabilities

My Iy My Iy

TyuToy
TyuTyy

Ho\ |

Hy
Hy

Ho
Hy

Hy/ |

23




Effective Polarizabilities
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Effective Polarizabilities
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Dipole Interactions: Corrections
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Dipole Interactions: Corrections
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Effective Polarizabilities: Performance

(H,C,O,N,S)
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Three-Layer Dielectric Model
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SFG: Summary
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* AlLO,
e Well known surface structure
 Well known surface-water interactions
e Stable (doesn’t readily dissolve)

e Simulation:
* DFT - PBE — VASP
e 15 ps production runs
* Cell=8.24x9.52x 35 A y
* Six Layers of Al,O, 4 g A
e 52H,0 (p = 1.035 g/cm?) w‘gjﬂ,g

en.wikipedia.org




SFG Spectrum: Expt.
Al,0,(0001)-H,0 Interface
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[1] Braunschweig, et al. Phys Chem C 112, (2008): 1751



SFG Amplitude (arb. units)

SFG Spectrum: Calc.
Al,0,(0001)-H,0 Interface
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Presenter
Presentation Notes
Calculated SFG spectrum for the Al2O3(0001) surface in the SSP polarization combination.  The blue line includes both the response of both surface and water, for the dotted blue line we set the polarizability of any atoms in bulk Al2O3 to zero, and the black line includes only the response of water.



SFG Spectrum (SSP)
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Presenter
Presentation Notes
The SFG spectrum of the Al2O3(0001)-H2O interface, separated by run and surface, and normalized to fit on the same plot.  The spectrum of the bottom/top surfaces are in the left/right columns, respectively.  The vertical, gray, dashed lines show the locations of the experimental peaks.  The solid line is the total spectrum, the dashed line is due to only H2O, and the dashed is due only to surface OH groups.  Note that although the intensity and shape can differ, all spectra have peaks around 3000-3300 and 3350-3400 cm-1, as well as smaller peaks around 2800 and 3600 cm-1.



Amplitude (arb. units)
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Presenter
Presentation Notes
The VDOS of the OH groups for each surface in each of the simulations.  The solid line is the VDOS projected along the z-direction, parallel to the surface normal, while the dotted line is the VDOS projected along the surface plane.  Notice that the in-plane H-bonds are at a lower frequency than the out-of-plane H-bonds, indicating that the in-plane H-bonds are stronger.


Angular Distribution Function

Variability: H,O Configurations
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Surface H-bond Configurations

Double In-Plane
Freq: 3550+60 cm™

Single In-Plane
Freq: 346050 cm™

Contributes to ~3400 cm peak
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H-Bonds b/w H,O and Surface
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Surface Structure <-> Spectroscopy

Al,05(0001)-H,0 AI203(112O) H,O

« Single OH Group  Multiple OH Groups
 Highly Ordered  Highly Disordered
 Few H,0O-OH bonds  Many H,0O-OH bonds



Blue -pH 4
Red - pH 6

Al,05(1120)-H,0 Interface

SFG Spectrum: Expt.
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SFG Spectrum (SSP)
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Structure <-> Dynamics <->
Spectroscopy
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Effect of
Functional
- Structure

PBE -
Overbinds

[1] Perdew, J. P., Burke, K. & Ernzerhof, M. PRL 77, 3865-3868 (1996).
[2] Sun, J., Ruzsinszky, A. & Perdew, J. P. PRL 115, 036402 (2015).
[3] Tkatchenko, A. & Scheffler, M. PRL 102, 073005 (2009)
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Effect of
Functional
- Dynamics

| PBE1+TS3

VDOS - Surface OH Groups
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NiFeOH-H,O:
Dynamics of Confined Water




NiFeOH-H,O:
Dynamics of Confined Water
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NiFeOH-H,O:.
Dynamics of Confined Water
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