Supplementary Information (SI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2024

Supplementary Information

Water at electrode-electrolyte interfaces: combining HOD
vibrational spectra with ab initio-molecular dynamics
simulations

Pavithra Gunasekaran?, Xianglong Du?, Andrew Burley?, Jiabo Le3, Jun Cheng? and Angel Cuestal**

1. Advanced Centre for Energy and Sustainability (ACES), School of Natural and Computing Sciences,
University of Aberdeen, AB24 3UE Aberdeen, Scotland, UK

2. State Key Laboratory of Physical Chemistry of Solid Surfaces, iChem, College of Chemistry and
Chemical Engineering, Xiamen University, Xiamen 361005, China

3. Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo,
Zhejiang 315201, China

4. Centre for Energy Transition, University of Aberdeen, AB24 3FX, Aberdeen, Scotland, UK

*Corresponding author: angel.cuestaciscar@abdn.ac.uk

1.22

1.13

*“~‘ﬂJ’/’\\\\hudvN////\\\\\u_u—v—uffjakd/11'03
W 0.94

w~uwmf““\~—dv4//ﬁ\\-~_.__,,4~w//034

" - J 075
— » 0.66
— - §:29
Aot P « 0.38
M "y 0.28
et ™ eeerermat, 0.19

0.005 W 0.09
q.u.ﬂjf‘\\5--~d/f\\\\~d*~_“-,,n\,4\(Loo

4000 3500 3000 2500 2000 1500 1000
Wavenumber

Figure S1. ATR-SEIRA spectral series between 0 and 1.2 V of the interface between a thin-film Au
electrode deposited on Siand a 0.1 M H,SO, solution in H,0:D,0 1:3.
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Calculation of the electrode potential in the SHE in ab-initio molecular
dynamics simulations

The electrode potential in the SHE scale, Uy, is calculated as:
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Where e is the elementary charge, E'F is the Fermi energy at the metal water interface, Puwat is the
average electrostatic potential of the water phase, computed under periodic boundary conditions
AppA “)
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(PBCs) in the same interface model, 3 isthe deprotonation free energy of H;0*(aq)
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computed under PBCs in a simulation box of pure water, H* s the standard chemical potential of

gas phase proton and AE7p s a correction for the zero-point energy of the O-H bond in H;0%(aq).
AppA (w)
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and AEgzp are known constants of values 15.81 and 0.35 eV, respectively.! For H30 , the

e
recommended value of 15.35 eV?*is used. The values of E(Q and e¢w(/2t de

. . pend on the numbers of
ions included in the simulation box (and therefore on the electrode charge density) and are obtained
by averaging over an approximately 10 ps DFTMD trajectory. Fig. S2 shows DFTMD trajectories when
there are no ions in the simulation cell (pzc, 0.35 V vs. SHE), when the simulation cell contains 4 and
8 ClOy ions, respectively (oa, = 11.9 and 23.8 uC cm?, respectively, and Usye = 0.54 and 0.95 V,
respectively) and when the simulation cells contains 4 and 8 H*, respectively (o, =-11.9 and -23.8
uC cm?, respectively, and Usye = -0.06 and -0.54 V, respectively). The difference between the
calculated pzc of Au(111) reported here (0.35 V vs. SHE) and that recently reported by us (0.5 V vs.
SHE?) stems from the use here of the SGCPMD AIMD protocol, whereas BOMD was used in reference
4, SGCPMD is faster, but temperature control is more difficult. The finally simulated temperature is
around 360 K, which is different from 330 K in our previous work. This different temperature is the
main reason for the 0.15 V difference in the pzc. We have nonetheless checked that the high er
temperature does not affect the effect of potential on the structures and that, therefore, the
calculations can be compared with the experimental results.
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Figure S2. DFT-MD trajectories from which the average value of the electrostatic potential of bulk
water (left) and the average Fermi level of the gold electrode (right) were calculated for the
simulation cells containing only H,O (black lines), 4 ClO, (red), 8 CIO, (blue), 4 H* (green) and 8 H*
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Figure S3. (a) Simulation cell used to calculate the VDOS of a water molecule in the solvation shell
of ClO,. (b) VDOS of an interfacial water molecule at 0.54 V (black line), of a water molecule in the
solvation shell of interfacial ClO,” at 0.54 V (red line), of an interfacial water molecule at 0.95 V
(blue line) and of a water molecule in the solvation shell of interfacial CIO, at 0.95 V (green line).
Only the VDOS of a water molecule in the solvation shell of interfacial ClO, at 0.54 and 0.95 show
maxima at ca. 3570 cm. All potentials in the SHE scale.
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Figure S4. Photograph (left) and schematic diagram (right) of our spectroelectrochemical cell. The
glass body of the cell fits into a Teflon piece which is held in place by a 3D printed resin piece screwed
to the prism holder. Two O-rings are used to seal the space between the glass body of the cell and the
cylindrical part of the teflon piece and to delimit the area of the gold film in contact with the
electrolyte, respectively. Electric contact with the gold film is made via four spring-loaded gold pins at
the four corners of the 3D printed resin piece screwed that holds the Teflon piece in place.
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