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Editorial on the Research Topic 
Refractory Astrochemistry

The cornerstone of all chemistry (and astrochemistry is no exception) has long-been the element carbon with its capacity to form numerous strong bonds to itself and other atoms. Although observation has verified the presence of carbonaceous and organic species in space, other materials also play an important role in astrochemistry. Although, over 90% of all the unique molecules observed thus far in the Universe contain element-6 in volatile, organic materials, carbon also forms refractory carbides in C-rich circumstellar environments. Additionally, in carbon poor environments the chemistry of oxygen becomes dominant. The Earth is a prime example inclusive of the lithosphere, atmosphere, magnetosphere, and beyond. Nearly all of these telluric regions are dominated, or at least strongly influenced, by oxygen and not carbon. In fact, oxygen is the most abundant element in the Universe behind only hydrogen and helium. The detailed chemistry of this element and its refractory oxides has often been neglected in astronomical studies. This special issue is an attempt to highlight the exciting and creative work going on in the inorganic realm of refractory astrochemistry whether carbon is included or not.
Refractory materials, as opposed to volatiles, most simply are those that do not easily enter the gas phase. They need extremely high temperatures (typically > 1000 K) to do so. Often such materials are viewed as ceramics, glasses, or crystals. However, all elements’ nuclei smaller than iron are believed to be formed in the cores of massive stars making the pathways to any of these types of materials often long and arduous. This special issue will touch on some of the ways that inorganic processes (even inorganic processes involving carbon) can take place to provide a rich depth of astrochemistry that is not reliant upon volatile, complex organic molecules.
This issue has contributions that showcase chemical reactions of carbon monoxide on imperfect surfaces of silicate (i.e., Si-based oxides; Fioroni and DeYonker) as well as ice chemistry taking place on porous silicate grains (Christianson and Garrod). Other contributed papers examine the growth of silicate dust grains from nanoscale precursors in the interstellar medium (Rimola and Bromley), and how such grains may be necessary to create the most abundant molecule in the Universe, H2 (Suhasaria and Mennella).
Beyond silicates, silicon can also combine with other elements for the creation of refractory carbide materials. Another theoretical study reports on the calculated ionization potentials of the smallest grains of SiC (Gobrecht). Small silver carbide species are also studied in a joint theoretical-experimental investigation, where they are found to promote the formation of Ag clusters and catalyzed hydrocarbon growth (Bérard et al.). Vibrational and rotational spectra of inorganic hydrogen-containing species are computed in another paper (Watrous et al.), which may be helpful in deducing their spectral fingerprints along the pathway from atoms to dust grains as observed by the newly launched James Webb Space Telescope.
Despite the breadth of topics examined in this work, refractory astrochemistry is really in its infancy. A huge swathe of experimental and theoretical work is still open to chemical exploration. This research helps to bring astrochemistry in line with many aspects of geochemistry, and the two fields will likely collaborate closely in the future. Indeed, the same materials that are being made in interstellar environments also may have novel terrestrial applications. Hence, materials chemistry may find beneficial applications from the study of refractory astrochemistry especially in those applications where refractory surfaces may catalyze chemical reactions. In all things, the pursuit of new knowledge inevitably leads to new technology while also painting a clearer picture of the science originally motivating the study. The hope of this special issue is to continue to encourage practitioners of inorganic astrochemistry that their efforts are needed for filling out and adding to our astrophysical knowledge and to convince others that these research pursuits are giving unique and beneficial insights to astrochemistry, geochemistry, materials science, and beyond.
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