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ABSTRACT
The crystal structure of yuksporite, (Sr,Ba)2K4(Ca,Na)14( ,Mn,Fe){(Ti,Nb)4(O,OH)4[Si6O17]2[Si2
O7]3}(H2O,OH)n, where n ∼ 3 [monoclinic, P21/m, a = 7.126(3), b = 24.913(6), c = 17.075(7) Å, β =
101.89(3)°, V = 2966.4(17) Å3] has been solved using X-ray synchrotron radiation data collected from
a needle-like crystal with dimensions of 6 × 6 × 50 µm3 at the Swiss-Norwegian beamline BM01 of the
European Synchrotron Research Facility (ESRF, Grenoble, France). The structure was reÞned to R1 =
0.101 on the basis of 2359 unique observed reßections with |Fo| ≥ 4σF. The structure of yuksporite is
based upon titanosilicate nanorods elongated along a and with an elliptical cross-section of ca. 16 × 19
Å = 1.6 × 1.9 nm. Silicate tetrahedra form double xonotlite-like chains 1∞[Si6O17] oriented parallel to
(001). Two 1∞[Si6O17] chains are linked into a rod via TiO6 octahedra and Si2O7 double tetrahedra. The
{(Ti,Nb)4(O,OH)4[Si6O17]2[Si2O7]3} nanorods are porous. The internal pores are deÞned by eight-membered rings (8MR) with open diameters of 3.2 Å. The interior of the titanosilicate nanorods is occupied
by Sr, Ba, K, and Na cations and H2O molecules. The nanorods are separated by walls of Ca coordination polyhedra that are parallel to (010) and link the rods into a three-dimensional structure.

INTRODUCTION
Titanosilicates represent a new and rapidly expanding class
of porous materials with important applications in catalysis, gas
separation (Kuznicki 1989; Kuznicki et al. 2001), optoelectronics (Lamberti 1999), ion-exchange (Attar and Dyer 2001), etc.
Before being synthesized under laboratory conditions, many of
these materials were known in nature, usually from alkaline lowtemperature hydrothermal assemblages (Khomyakov 1995). Here
we report the occurrence and structure of porous titanosilicate
nanorods in the structure of yuksporite, a mineral from the Kola
peninsula in Russia. We show that these nanorods are constructed
from octahedra (Ti) and tetrahedra (Si) and are structurally related to other titanosilicates such as ETS-4 (Philippou and Anderson 1996; Braunbarth et al. 2000; Nair et al. 2001), a synthetic
counterpart of zorite (Merʼkov et al. 1973; Sandomirskii and
Belov 1979), another mineral from the Kola peninsula, which is
now used in industry on a multitonne scale. The structure solution
of yuksporite was performed using high-energy synchrotron Xray radiation (Brown and Sturchio 2002). The occurrence of the
titanosilicate nanometer-scale rods are of interest to nanoscience,
in either applied (Patzke et al. 2002) or natural aspects (BanÞeld
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and Navrotsky 2002; Hochella 2002).
Yuksporite, a complex titanosilicate of calcium, potassium,
and sodium, was Þrst described by Fersman (1923) from the
Hackmann Valley, in Yuksporlak Pass, and on the upper Vuonnemiok River, all near Mt. Yukspor in the Khibiny massif. Subsequently, it was found in another part of Russia, in the Murun
massif, southwest of Olekminsk, Yakutia (Konev et al. 1985).
Yuksporite crystallizes at the late stage of hydrothermal activity
and is found in association with microcline, aegirine, titanite, pectolite, biotite, and astrophyllite. Pale pink needles of yuksporite,
up to 2–3 mm long and up to 0.01 mm across, usually form radial
aggregates in cavities between microcline crystals. Konev et al.
(1985) reported for yuksporite an orthorhombic unit cell with a =
24.869(8), b = 16.756(6), c = 7.057(3) Å. Recently, Menʼshikov
et al. (2003) re-investigated the crystallographic parameters of
yuksporite on the basis of electron microscopy data and reported
the mineral to be triclinic, a = 16.50(5), b = 25.21(4), c = 21.11(3)
Å, α = 100.4(3), β = 110.0(4), γ = 90.4(1)°.
Though yuksporite has been known for at least 80 years, its
structure resisted characterization because of the small dimensions and poor diffraction of its crystals. The recent introduction
of third-generation X-ray synchrotron sources provided a unique
opportunity to structurally characterize many minerals previously
inaccessible using in-house X-ray sources (Pluth et al. 1997;
Burns et al. 2000; Cahill et al. 2001).
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