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Introduction

Aragonite is a high-pressure polymorph of CaCo,
commonly found in oceans, caves, and in the
shells/skeletons of marine animals.

Aragonite is relevant to cultural heritage, especially for
cultures near the ocean. It is a component in historical
pigments and paints and the shells of mollusks.
Historical material like sculptures may also have
aragonite as its main component.

When exposed to certain conditions, it can easily

degrade.
DFT is a quantum mechanical method of calculating the

electron density of atoms, molecules, and surfaces. It

uses the reductionist approach gain information
through simplifying the problem.

Project Goals

. Examine and model different functional group interactions
using DFT

. Create damage mitigation procedures based on data trends
. Predict how complicating environmental factors may
compound present damage

. Assess different conservation approaches to address
resulting problems
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Computational Details

All calculations described here employ periodic DFT methods (Hohenberg and Kohn, 1964; Kohn
and Sham, 1965) and are carried out using Quantum Espresso, an open-source software package (Giannozzi et
al., 2009; Giannozzi et al., 2017). All atoms are represented using GBRV-type ultrasoft pseudopotentials
(Vanderbilt, 1990; Garrity et al., 2014). A plane-wave cutoff of 40 Ry and charge density cutoff of 320 Ry are
employed for all calculations, in line with similar surface studies (Bennett, Jones, Hamers, et al., 2018; Bennett,
Jones, Huang, et al., 2018; Bennett et al., 2020). Bulk structural relaxations use a 6x6x6 k-point grid (Monkhorst
and Pack, 1976), and the convergence criteria for self-consistent relaxations is 5x10° eV. Geometry
optimization of all surface-adsorbate interactions did not include fixing any layers, as detailed in Corum et al.
(2017) where all atoms are free to relax. All calculations are performed at the GGA level using the Wu-Cohen
(WC) modified PBE-GGA exchange correlation functional for solids (Perdew et al., 1996; Wu and Cohen, 2006).

CCenter O&NCenter SCenter

Adsorbate Ea(eV) Protonated Surface

0.18
027

Acknowledgements

This work is supported by the Baltimore SCIART program; funded by the Andrew W.
Mellon Foundation under award number 41500634. Special thanks to Dr. Rosenzweig,
Dr. Bennett, and Dr. Heimann for your continuous support. Thank you to all of the
special guests and speakers for your time and sharing your expertise!

THE
ANDREW W,

MELLON

FOUNDATION

LA
UMBC el

Conclusions

The adsorbates SOS, H2SO » and HZSO3 have the strongest
interactions, while NO, and co, have the weakest. SOzand
H,S had weaker interactions than the other sulfur-centered
adsorbates due to the S oxidation state.

A conservation recommendation: Prioritize removing
sulfur-containing adsorbates when displaying
aragonite-containing artifacts.

Conclusion: pKA is not a sufficient guide to predict
interactions.

While exploring protonated surface trends, future works
can focus on finding effective filtration for the 3p
sulfur-containing molecules and analyzing current display
case absorbers' effectiveness and interactions with
aragonite surfaces. Filters such as activated charcoal,
potassium permanganate, and silica gel have been shown to
help remove one or more of the following pollutants:
ozone, formaldehyde, nitrogen dioxide, sulfur dioxide and
hydrogen sulfide.

Future projects can also investigate the uses of aragonite in
restoration instead of the conservation of aragonite
surfaces. The findings can be expanded and applied to
aragonite's uses as the agent for removing pollutants from
other surfaces like bronze statues.
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