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AbstrACt

The Na-form of the synthetic counterpart of the mineral sitinakite (sitinakite-Na) was studied in situ 
for the ion exchange systems of Na→Cs and Na→H→Cs using time-resolved Raman spectroscopy. 
Raman spectral mode analysis was performed based on a comparative study of previous titanium 
silicate Raman spectroscopy, as well as time-resolved X-ray diffraction studies. The Raman spectrum 
of sitinakite can be broken down to three main groups of bending and stretching modes, respectively: 
Ti-O-Ti, Si-O-Ti, and O-Ti-O bends between 200 and 400 cm–1; and Ti-O stretch between 400 and 
625 cm–1. During Na-form to H-form ion exchange, rapid red shifts were observed in absolute peak 
positions, as well as relative changes between peak positions, indicating a symmetry change. TiO6 
polyhedral groups distort as hydroxyl groups form on the TiO6 octahedra. Upon Cs exchange into the 
H-form, a rapid, two-step blue shift was observed for all peak positions, which indicated that the eight 
membered-ring becomes more circular. Upon Cs exchange into the Na-form, slow changes of peaks 
in the Raman spectrum indicated up to four discrete polyhedral distortions during ion exchange. The 
advantage of Raman spectroscopy in this study was the observation of transient polyhedral distor-
tions for the initial swelling of sitinakite while immersed in deionized H2O and during H and Cs ion 
exchange in the crystal structure. Previous X-ray diffraction studies were not of sufficient resolution 
to model H2O swelling effects and framework polyhedral distortions during ion exchange, thus Raman 
spectroscopy offers a complementary tool to measure changes in framework geometry in situ during ion 
exchange. The results presented here are directly relevant to other ion exchange research on titanium 
silicates, zirconium silicates, aluminum silicates, and aluminum phosphates. Additionally this work 
shows the usefulness of in operando experiments, conducted in deliberately variable environments, 
which can monitor the molecular dynamics of a system, collect information concerning structure-
response mechanisms, and capture the catalytic parameters for the reaction/process.
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introduCtion

Ion exchange in zeolites and other microporous materials 
has broad-ranging applications, including water purification, 
gas separation, catalysis, and heavy cation sequestration. One 
particularly beneficial application is the selective sequestration 
of Cs and Sr from aqueous solutions. Spent nuclear fuel produces 
large quantities of high- and low-level radioactive waste, where 
the majority the radioactivity is generated by 90Sr and 137Cs 
(Wilmarth et al. 2011). In addition, Cs and Sr are generated in 
low concentrations (10-3 to 10-5 M) (Zheng et al. 1995), and the 
wastes can be highly alkaline (Anthony et al. 1994; Pertierra et 
al. 1999; Wilmarth et al. 2011). Sr and Cs removal results in a 
reduction of the overall radioactivity of the solutions. It is most 
advantageous that candidate host materials for Sr and Cs be 
highly ion selective, resist molecular degradation from high g 
radiation doses, and be thermally stable to at least 400 °C (Gal-
loway et al. 2006; Thorogood et al. 2010).

The mineral sitinakite (HNa2KTi4Si2O14·4H2O), a micro-
porous material, successfully removes Cs and Sr ions from an 

aqueous media (Celestian et al. 2010, and references therein). 
Sitinakite (also known as CST or TS in the literature, for crys-
talline silicotitanate or titanium silicate, respectively) is found 
predominantly in mines of northern Russia (Khibiny Massif, 
Kola Peninsula), where it crystallizes in hydrothermal systems 
(Menshikov et al. 1992). Despite the scarcity of the mineral in 
nature, sitinakite can easily be synthesized in large quantities in 
the laboratory from a basic Na gel. Sitinakite-Na (the synthesized 
Na-form of the material) crystallizes in tetragonal space group 
P42/mcm with unit-cell parameters of a ≈ 7.8 Å and c ≈ 11.9 Å 
(Poojary et al. 1994). The framework structure can be described 
as edge-shared TiO6 octahedra forming a columnar structure 
trending along the c-axis. These TiO6 columns are linked by SiO4 
tetrahedral groups in the a-b plane (Fig. 1). The resulting struc-
ture generates 8-membered-rings (8MR) consisting of four SiO4 
and four TiO6 groups running parallel to [001], and perpendicular 
6-membered-rings (6MR) along [010]. The negatively charged 
framework must be neutralized by cations residing within the 
8MR and/or 6MR channels. Cations of large ionic radius (>1.0 
Å, e.g., K, Rb, Cs) can only reside in the larger 8MR (diameter 
of ≈6.5 Å) and are typically bound to molecular H2O. Cations * E-mail: aaron.celestian@wku.edu


