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Abstract
An aluminum-free zinc-bearing smectite (Zn-smectite) was synthesized under hydrothermal condi-

tions, together with its magnesium substituted products. Its layer charge calculated by cation exchange 
capacity (CEC) is 117.4 mmol/100 g. Powder X-ray diffraction (XRD) revealed turbostratic stacking 
and showed that the d06l value of the Zn-smectite was >1.525 Å, indicating that it is trioctahedral. Its 
d001 value increased from ca.12.8 Å to ca. 16.0 Å after ethylene glycol (EG) saturation. The Zn-smectite 
did not irreversibly collapse after heating the Li+-saturated sample to 300 °C, suggesting that its layer 
charge was generated from octahedral-site vacancies (defects). The Zn-smectite resembles zincsilite-
like minerals with interlayer Na+ and Zn2+. The intralayer structure of zincsilite was confirmed by pair 
distribution function (PDF) analysis, and the whole crystal structure was built and optimized by DFT 
calculation in the CASTEP module of the Materials Studio software. Synthetic zincsilite is triclinic, 
space group P1, and its optimized unit-cell parameters are: a = 5.294 Å, b = 9.162 Å, c = 12.800 Å, 
α = 90.788°, β = 98.345°, and γ = 90.399°.

Keywords: Smectite, layer charge, local structure, turbostratic disorder, PDF

Introduction
Smectites are the most abundant group of clay minerals in 

Earth’s near-surface environments, and they therefore, play cru-
cial roles in geological processes, such as enrichment and migra-
tion of surface elements. Most smectites in soils and sediments 
are formed by weathering transformation of micas to vermiculites 
to smectites and by diagenetic and hydrothermal alteration of 
rocks (Hillier 2003). Zinc-rich smectites (Zn-smectites) are as-
sociated with supergene non-sulfide ores worldwide (Mondillo 
et al. 2015). Some of these are predominant economic minerals 
(e.g., sauconite) (Schingaro et al. 2021) of the mineral assem-
blage derived by weathering (Newman and Brown 1987; Ross 
1946). As natural two-dimensional (2D) inorganic materials, 
Zn-smectites have wide applications as catalysts and catalyst 
supports, luminescent materials, adsorbents, etc. (Liu and Zhang 
2014; Wang et al. 2019).

Zincsilite is a Zn-containing but aluminum-free end-member 
of the montmorillonite-zincsilite series (Smolianinova et al. 
1960), whose crystal structure is far from well understood 
(Bergaya and Lagaly 2013). At present, there are relatively few 

studies on Zn-smectites synthesis (Ponce and Kloprogge 2020; 
Vogels et al. 2005; Zhou et al. 2017) compared with saponite and 
hectorite of the same subgroup (Kloprogge et al. 1999). These 
studies were conducted mainly on synthetic Zn-smectites pre-
pared in the presence of Al (Ponce and Kloprogge 2020; Vogels 
et al. 2005; Zhou et al. 2017). There had been no recording of 
the synthesis of such a mineral until 2008 (Petit et al. 2008), 
although they considered their products to be sauconite-like ste-
vensite. The products were proposed to have a similar structural 
formulas with stevensite, but with octahedral Zn instead of Mg, 
i.e., Rx

+Si4(Zn3–xox)O10(OH)2, where R+ and x are for interlayer 
cations and the number of octahedral vacancies, respectively 
(Petit et al. 2008). Apart from the results of Petit et al. (2008), no 
reliable unit-cell parameters and structural information are avail-
able for smectites of this series (Anthony et al. 2001). A lack of 
crystal structure information of these smectites would limit their 
potential applications, for example, affecting the revelation of the 
reaction mechanism when they are used as functional materials.

Refining the crystal structure of smectites is difficult, primar-
ily because they lack three-dimensional (3D) order structures and 
because of their fine grain size (usually <2 μm) and widespread 
layer stacking disorder (such as rotation and translational shifts) 
(Meunier 2006). Random rotations and translations within the 
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