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The paper by Lee et al. (2022) touches on various issues 
of amorphous silicas. In this comment, I shall discuss them, 
aiming at the metric of amorphous solids in structure property 
relationships. These were initiated in a pioneering study in 1874 
by le Bell followed by van‘t Hoff (Ramberg 2017), who showed 
optical activity in organic systems to be a consequence of a 
postulated edge or face sharing of tetrahedral carbon atoms. It 
was followed up by the Drude-Lorentz 1916 electron gas theory 
(cf. Ladd 1993) to account for transport properties of metals and, 
after Laue’s discovery of X-ray diffraction, by Bragg (1924), 
in his successful accounting for the birefringence of calcite/
aragonite from the structural position of point dipolar oxygen 
atoms. The elucidation of liquid and amorphous solid structures 
had to wait for the advent of radial distribution analysis. Here I 
shall start by discussing the merits and demerits of such analysis, 
followed by geometrical constraints on opals put on by theoretical 
chemistry and 29Si MASNMR, the nature of moisture in opals, 
and finally, opal morphogenesis. I shall finish by questioning 
the utility of opal phase transitions as stratigraphic markers in 
sedimentary basins.

Radial distribution analyses have been the principal tech-
nique for the last nearly hundred years to assess the structure of 
liquids and amorphous solids. The precise information content 
of this pair distribution function here designated the Prins radial 
distribution function, PRDF, after its inventor (Zernike and 
Prins 1927; Bernal 1964), has been argued since its conception. 
The primary bone of contention remains the assumed spherical 
electron density around the constituent nuclei, disregarding 
electrons in bonding regions (Rao 2002). Among its initial uses 
were discrimination between three models of silica as canonical 
glass: Zachariassen-Warren’s random network, Porai Koshits 
micro crystallites with attendant Debye line broadening, and 
Leadbetter and Wright’s quasi-crystalline model (Randall 1934; 
Morey 1938; Rawson 1967; Keefer 1981, 1986; de Jong 1989; 
Paul 1989; Mydosh 1993; Stebbins et al. 1995; Shelby 1997; 
Kurkjian and Prindle 1998; March and Tosi 2002; Leuzzi and 
Nieuwenhuizen 2008; Gutzow and Schmeltzer 2013; Mysen and 
Richet 2018, Kirchner et al. 2022).

Taylor and Brown (1979) used the quasi-crystalline model for 
a thorough test. They concluded that silica glass consists primarily 
of cristobalite-tridymite random layered sequences: 6-membered 
silica rings in chair configuration in a 3-layered CCP sequence for 
cristobalite and 6-membered rings in boat + chair configuration in 

a two-layered HCP sequence for tridymite. Convinced and buoyed 
by this assessment that PRDF could detect 6-membered rings, 
they went on to address the huge difference in morphogenesis, i.e., 
nucleation and growth between K-feldspar/albite and anorthite 
glass. All crystalline feldspars contain 4-membered rings as part 
of the characteristic crankshaft. The PRDF determined presence 
of 6-membered rings in the robust glassy alkali feldspars would 
prevent nucleation, whereas the 4-membered rings in the fragile 
system of the glassy calcium feldspars enhance it. This conclu-
sion was not supported by subsequent 29Si and 27 Al MASNMR 
on the albite-anorthite system (de Jong et al. 1984a). It heralds 
the first study in the quest for structure-nucleation relationships 
in oxide glasses (Zanotto et al. 2015), quantifying the internally 
nucleating lithium-disilicate-based glass ceramic discovery by 
Stookey (Höland and Beall 2020), and extending it to geologically 
relevant systems (Brown 1974).

Lee et al. (2022), in their study, used MoKα and synchrotron 
radiation to construct a PRDF of opal-A. Both radiations yield 
similar results, which may be attributed to their proximity in Qmax 
(synchrotron λ = 0.24116 Å, Qmax 19.9 Å–1; MoKα λ = 0.71 Å,  
Qmax 17.7 Å–1). It is well known, and their PRDF illustrates this, 
that oscillatory behavior in the scattering intensity function at 
high wave vector results in superior first neighbor distances 
(Rao 2002). They do not, however enhance distances in the 
mesosphere. Thus, the avowed presence of 4- and 8-membered 
silica rings in opal-A may exist but are not proven to do so despite 
an improved signal-to-noise ratio. Hochella and Brown (1984) 
concluded from thoughtful appraisal of the information content 
of the PRDF in rationalizing the impact of structure on the rhe-
ology of rhyolite that going from any amorphous or crystalline 
model to a calculated molecular distribution is unique, but the 
reverse path is not. That is to say, a particular pair distribution 
does not define a unique model beyond ~4 Å, and additional 
physical measurements, such as density and electronic spectra, 
are needed to validate it.

A pertinent assessment of the use of the PRDF as an indica-
tor of structural information is given in Boonman and de Jong 
(2007), in which synthetic radial distributions were calculated 
from the known 14 single and mixed (R2O·2SiO2) crystalline 
phases. These phases, all Q3, i.e., sheet silicates, contain next to 
solely 6-membered rings, sheets, tubes, and 3D networks with 
exclusively 4-membered (e.g., de Jong et al. 2000), 4-6-8, 6-8-
12, and 6–14-membered rings. Their result shows that no ring 
system assignment could be made from the calculated PRDF, 
nor that the large variety of ring systems in the different phases 
could be distinguished from one another. Validating molecular 
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