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As stated in their announcements and accompanying information, Special Issues
published in scientific journals are usually aimed at compiling recent progress on highly
specialized topics. The articles put together in Special Issues tend to be unrelated to
each other when they involve more general topics. An important achievement in such
cases, although often unintended, relates to the information contained in the published
papers in relation to the current state of the subject area. For instance, one may take
a careful look at the tools, methodologies or approaches that are commonly employed
by researchers working in the field. This is the case for the present Special Issue, “First-
Principles Calculations of Minerals and Related Materials”, which provides a snapshot of
the quantum-mechanical computational methods that are currently being employed for
research in mineralogy and geochemistry.

At first sight, the present Issue covers a broad range of topics, including high-pressure
lattice dynamics calculations, adsorption of rare earth elements in clay minerals and
crystal structure prediction of rare minerals. However, a closer examination allows one
to classify all the published manuscripts in two broad categories: (i) density field theory
(DFT) simulations to investigate the fundamental properties of crystals [1–5] and (ii) study
of adsorption and chemical reactivity in mineral surfaces by molecular dynamics (MDs)
calculations based on DFT [6–10].

With regard to the first category, the work by Cheng and co-authors dealing with
the effect of carbon impurities at sulfur/iron vacancies on the electronic and optical prop-
erties of pyrite associated with coal [2] provides a helpful example about the usefulness
and popularity of DFT to investigate the fundamental properties of minerals and related
compounds. Indeed, ab initio calculations are widely used in different research areas, such
as solid-state physics, materials science or nanoscience, to deepen the knowledge on the
studied ‘pristine’ crystalline phases, as well as to investigate low-dimensional systems,
alloys, doped materials or heterostructures. In addition to being a well-known mineral,
pyrite (fool’s gold) is being actively investigated due to its great potential as a cheap
photovoltaic material.

It is interesting to note that up to four of the five published papers on DFT calculations
published in this Issue deal with high-pressure conditions. This shows the effectiveness,
not far from supremacy, of DFT calculations to investigate the compression behavior of
solids. Today, researchers routinely use DFT to obtain pressure–volume equations of
state, compressibility, elasticity or compliance properties, phonon and band-gap pressure
coefficients, phase-transition pressures and enthalpies, etc. In the case of the present
work, the compounds investigated under pressure include phyllosilicate minerals such
as pyrophyllite) [1], layered transition metal dichalcogenides (TMDCs) such as rheniite
(ReS2) [3], or rare minerals such as zaccariniite (RhNiAs) [5].

With regard to the interesting topic of high-pressure research, it is worth mention-
ing the essay paper by Manjón et al. [4] included in this Issue. This manuscript high-
lights the relevance of employing combined methodologies that include experiment (high-
pressure Raman spectroscopy) and theory (DFT) in order to properly understand the
lattice-dynamical properties of crystalline materials, not only upon compression but also at
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room pressure conditions. This joint experimental and theoretical approach was recently
employed by Manjón and collaborators to investigate numerous different compounds, such
as sesquioxides [11,12], ordered-vacancy compounds [13,14], topological insulators [15–17]
or in relation to metavalent bonding [18]. The paper by Manjón et al. [4] also serves as a
prelude to Ref. [5] in this Issue. In that work, using the mineral zaccariniite as a working
example, the usefulness of the methodologies proposed by Manjón and colleagues is further
explored in order to structurally characterize rare minerals.

On the other hand, MD simulations have become increasingly popular over the last
few decades in order to gain information about atomic and complex adsorption in solid
surfaces and also to understand chemical reaction mechanisms on surfaces. In this Issue,
the types of problems that have been tackled by different groups include the adsorption
of As complexes on cobalt ferrite (Fe2CoO4) surfaces [8], the recovery of rare elements
adsorbed on the argillaceous mineral kaolinite [10] or the role of Mg impurities in the water
adsorption in calcium silicate phases that are predominant in ordinary Portland cement [6].
These studies are useful to highlight the importance of DFT and MD studies in relation
to cementitious phases, the recovery of critical elements by using clay minerals or the
management of mobile inorganic contaminants. In particular, the study on calcium silicate
phases (Ref. [6]) adds to the previous work by Wang et al. [19], published in the Special
Issue “Molecular Simulation of Mineral-Solution Interfaces” in this journal, in relation to
water adsorption on the surfaces of calcium silicates.

In addition to these highly interesting topics, we would like to remark the importance
of first-principles calculations for research related to carbon capture. A useful example
of this is provided by Mutisya and Kalinishev [9] in this Issue, who explore the reactivity
of supercritical CO2 with different surfaces of portlandite, i.e., one of the main phases
resulting from the hydration reactions of Portland cement. These authors also study the
role of water in the CO2–portlandite interaction. Similar studies in the future may be
expected to shed light on the optimal conditions for carbon capture by different material
systems. For this purpose, it might be useful to take into account other phenomena, such
as, for example, the resistance of solid phases to weathering agents or the role played on
carbon capture mechanisms by the liquid state.

The bright future of MD simulation theory is clearly exemplified by the perspective
article by Rimola and colleagues [7], dealing with computational chemistry methods to
investigate the physico-chemical properties of solid-state interstellar and interplanetary
grains. While surface modelling is widely employed in many different research areas, such
as catalysis and surface science, its application for astrochemical studies is still in its infancy.
These authors discuss the state-of-the-art methodologies and strategies (construction of
cluster models, algorithms, use of machine learning methodologies, etc.) to perform
computational chemistry modelling of grains, like water ice or olivine, including the
important case of amorphous and ‘dirty’ phases. The results obtained from quantum-
mechanical simulations of these non-terrestrial materials may be particularly relevant in
the near future in order to analyze the observational data provided by unique instruments,
like the James Webb space telescope (JWST), operating in the infrared spectral range. Novel
research on these highly interesting topics may be expected to generate great excitement
and amusement in the astrochemistry and mineralogy realms soon, giving rise to highly
compelling, if not unexpected, results.

In summary, the articles published in this Special Issue are representative of the
way in which researchers employ first-principles calculations for their current research in
mineralogy and related areas. As shown in the different works included in this compilation,
DFT calculations and MD simulations are being actively used by mineralogists to solve an
endless number of research problems. These computational techniques will be intensively
used in the future to tackle new scientific challenges dealing with important topics, like
climate change mitigation, astrochemistry or high-pressure research.

Conflicts of Interest: The author declares no conflict of interest.
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3. Ibáñez-Insa, J.; Woźniak, T.; Oliva, R.; Popescu, C.; Hernández, S.; López-Vidrier, J. Structural and High-Pressure Properties of

Rheniite (ReS2) and (Re,Mo)S2. Minerals 2021, 11, 207. [CrossRef]
4. Manjón, F.J.; Sans, J.Á.; Rodríguez-Hernández, P.; Muñoz, A. Combined Experimental and Theoretical Studies: Lattice-Dynamical

Studies at High Pressures with the Help of Ab Initio Calculations. Minerals 2021, 11, 1283. [CrossRef]
5. Ibáñez-Insa, J. Crystal Structure Prediction and Lattice Dynamical Calculations for the Rare Platinum-Group Mineral Zaccariniite

(RhNiAs). Minerals 2022, 12, 98. [CrossRef]
6. Qi, C.; Chen, Q.; Fourie, A. Role of Mg Impurity in the Water Adsorption over Low-Index Surfaces of Calcium Silicates: A DFT-D

Study. Minerals 2020, 10, 665. [CrossRef]
7. Rimola, A.; Ferrero, S.; Germain, A.; Corno, M.; Ugliengo, P. Computational Surface Modelling of Ices and Minerals of Interstellar

Interest—Insights and Perspectives. Minerals 2020, 11, 26. [CrossRef]
8. Lewis, E.C.; Dzade, N.Y. First-Principles Density Functional Theory Characterisation of the Adsorption Complexes of H3AsO3 on

Cobalt Ferrite (Fe2CoO4) Surfaces. Minerals 2021, 11, 195. [CrossRef]
9. Mutisya, S.M.; Kalinichev, A.G. Carbonation Reaction Mechanisms of Portlandite Predicted from Enhanced Ab Initio Molecular

Dynamics Simulations. Minerals 2021, 11, 509. [CrossRef]
10. Zhao, J.; Wang, Z.; Gao, W.; Wang, Y.F.; Huang, B.W. Theoretical Investigation on Rare Earth Elements of Y, Nd and La Atoms’

Adsorption on the Kaolinite (001) and (001¯) Surfaces. Minerals 2021, 11, 856. [CrossRef]
11. Ibáñez, J.; Sans, J.Á.; Cuenca-Gotor, V.; Oliva, R.; Gomis, Ó.; Rodríguez-Hernández, P.; Munõz, A.; Rodríguez-Mendoza, U.;

Velázquez, M.; Veber, P.; et al. Structural and Lattice-Dynamical Properties of Tb2O3 under Compression: A Comparative Study
with Rare Earth and Related Sesquioxides. Inorg. Chem. 2020, 59, 9648–9666. [CrossRef]

12. Sans, J.A.; Manjón, F.J.; de Jesus Pereira, A.L.; Ruiz-Fuertes, J.; Popescu, C.; Muñoz, A.; Rodríguez-Hernández, P.; Pellicer-Porres,
J.; Cuenca-Gotor, V.P.; Contreras-García, J.; et al. Unveiling the role of the lone electron pair in sesquioxides at high pressure:
Compressibility of β-Sb2O3. Dalt. Trans. 2021, 50, 5493–5505. [CrossRef]

13. Gomis, O.; Vilaplana, R.; Manjon, F.J.; Pérez-Gonzlez, E.; López-Solano, J.; Rodriguez-Hernandez, P.; Muoz, A.; Errandonea, D.;
Ruiz-Fuertes, J.; Segura, A.; et al. High-pressure optical and vibrational properties of CdGa2Se4: Order-disorder processes in
adamantine compounds. J. Appl. Phys. 2012, 111, 013518. [CrossRef]

14. Gallego-Parra, S.; Vilaplana, R.; Gomis, O.; Lora da Silva, E.; Otero-De-la-Roza, A.; Rodríguez-Hernández, P.; Muñoz, A.;
González, J.; Sans, J.A.; Cuenca-Gotor, V.P.; et al. Structural, vibrational and electronic properties of α′-Ga2S3 under compression.
Phys. Chem. Chem. Phys. 2021, 23, 6841–6862. [CrossRef]

15. Vilaplana, R.; Santamaría-Pérez, D.; Gomis, O.; Manjón, F.J.; González, J.; Segura, A.; Muñoz, A.; Rodríguez-Hernández, P.;
Pérez-González, E.; Marín-Borrás, V.; et al. Structural and vibrational study of Bi2Se3 under high pressure. Phys. Rev. B- Condens.
Matter Mater. Phys. 2011, 84, 184110. [CrossRef]

16. Gomis, O.; Vilaplana, R.; Manjón, F.J.; Rodríguez-Hernández, P.; Pérez-González, E.; Muñoz, A.; Kucek, V.; Drasar, C. Lattice
dynamics of Sb2Te3 at high pressures. Phys. Rev. B- Condens. Matter Mater. Phys. 2011, 84, 174305. [CrossRef]

17. Vilaplana, R.; Gomis, O.; Manjón, F.J.; Segura, A.; Pérez-González, E.; Rodríguez-Hernández, P.; Muñoz, A.; González, J.;
Marín-Borrás, V.; Muñoz-Sanjosé, V.; et al. High-pressure vibrational and optical study of Bi2Te3. Phys. Rev. B Condens. Matter
Mater. Phys. 2011, 84, 104112. [CrossRef]

18. Cuenca-Gotor, V.P.; Sans, J.Á.; Gomis, O.; Mujica, A.; Radescu, S.; Muñoz, A.; Rodríguez-Hernández, P.; Da Silva, E.L.; Popescu,
C.; Ibañez, J.; et al. Orpiment under compression: Metavalent bonding at high pressure. Phys. Chem. Chem. Phys. 2020,
22, 3352–3369. [CrossRef] [PubMed]

19. Wang, Q.; Manzano, H.; López-Arbeloa, I.; Shen, X. Water Adsorption on the β-Dicalcium Silicate Surface from DFT Simulations.
Minerals 2018, 8, 386. [CrossRef]

http://doi.org/10.3390/min10090778
http://doi.org/10.3390/min10090815
http://doi.org/10.3390/min11020207
http://doi.org/10.3390/min11111283
http://doi.org/10.3390/min12010098
http://doi.org/10.3390/min10080665
http://doi.org/10.3390/min11010026
http://doi.org/10.3390/min11020195
http://doi.org/10.3390/min11050509
http://doi.org/10.3390/min11080856
http://doi.org/10.1021/acs.inorgchem.0c00834
http://doi.org/10.1039/D1DT00268F
http://doi.org/10.1063/1.3675162
http://doi.org/10.1039/D0CP06417C
http://doi.org/10.1103/PhysRevB.84.184110
http://doi.org/10.1103/PhysRevB.84.174305
http://doi.org/10.1103/PhysRevB.84.104112
http://doi.org/10.1039/C9CP06298J
http://www.ncbi.nlm.nih.gov/pubmed/31976513
http://doi.org/10.3390/min8090386

	References

