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Microporous materials are used in heterogeneous catalysis and
for separation technologies in selective ion exchange and gas
sorption processes.1,2 Applications may depend critically on the
size and shape of the channels and on the choice and siting of
extraframework cations residing inside the voids. These cations
can be ion-exchanged to sequester contaminants3 or impart
selectivity over and above that determined by the framework
geometry.4 Therefore, a variety of microporous materials have
been investigated in application-oriented research, and the search
for new crystalline microporous compounds remains of great
interest.

Silicate zeolitic materials have a generalized chemical formula
Ax+

a[Si1-yTy
w+O2]‚zM, wherea ) (4 - w)y/x is required to balance

charges.5 SpeciesA are mono- or divalent exchangeable cations.
Framework cation speciesT, with typical valencew ) 3, are
tetrahedrally coordinated by oxygen. The symbolM is used for
neutral guest species, such as H2O, that may be occluded in the
regularly spaced pores and channels. Conventionally, the ion-
exchange capacity, determined by the Si/T ratio, is maximized
in alumosilicate zeolites by producing materials with low Si/Al
ratio.6 However, the minimum value obtainable is 1.0, limiting
the ultimate number of extraframework cations. Further, most
zeolitic frameworks can be prepared only with the Si/T ratio in
a very limited range.7

Minimizing the valence of the T framework, through use of
framework Li, provides an alternative approach to increase the
ion exchange capacity. Further, [LiO4]-tetrahedra are more flexible
than [SiO4]- or [AlO4]-tetrahedra.8 [LiO4] can form strain-free
three-membered rings with [SiO4]-tetrahedra.9 In contrast, only
one highly strained material, benitoite (BaTiSi3O9), contains three-
membered rings of [SiO4]. This flexibility allows novel porous
frameworks capable of both ion exchange and sorption to be

produced.10 Following this strategy, several new porous lithosili-
cates have been synthesized.11 Here we report the structure and
properties of a novel microporous lithosilicate, RUB-29 (Ruhr-
Universitaet-Bochum, #29), which exhibits the highest ratio of
Li to Si (1:4) for any of the open framework structures synthesized
so far.

A structural model of RUB-2912 was obtained from synchrotron
single-crystal diffraction intensities by direct methods and Fourier
calculations.13 To confirm Li-siting and to find the extraframework
(nontetrahedrally coordinated) Li+ cations, Rietveld analysis using
neutron powder diffraction data was essential.14 The excellent
agreement between the observed and calculated diffraction pattern
over the entire 2θ range (Figure 1) confirms the quality of the
model.

The structure of RUB-29 consists of two different structural
building units: pure [SiO4]- and pure [LiO4]-LLBU’s (layer-like
building units). The pure silica [Si72O144] building blocks consist
of rigid [SiO4]-tetrahedra and there are two such blocks per unit
cell. Another LLBU contains exclusively corner- and edge-shared
flexible [LiO4]-tetrahedra. Within these building units, all tetra-
hedral interstitial sites are partially occupied by Li cations, and
these [LiO4]-tetrahedra form a body-centered network. A 3-di-
mensional framework structure is created by connecting these via
Li-O-Si linkages. These linkages give rise to two types of
unusual structure building units, (Li,Si)-spiro-3,5 and (Li,Si)-spiro-
5, that contain three-membered rings of [LiO4]- and [SiO4]-
tetrahedra (Figure 2). This is the first report of the silicate (Li,Si)-
spiro-3,5 unit. The RUB-29 framework shown in Figure 3 is a
3-dimensional channel system of intersecting 8MR/10MR-10MR-
8MR in the [100], [010], and [001] directions, respectively (MR:
membered-ring). Within the pores, nonframework Cs and Li
cations and water molecules are occluded.

The high degree of isomorphic substitution of Si by Li (Li:Si
) 1:4) gives rise to a large negative charge on the framework
that must be compensated by a high density of extraframework
cations, an essential prerequisite for optimized ion-exchange
capacity. The Cs cations within the RUB-29 channel system are
readily exchanged with other cations. In preliminary ion-exchange
experiments, at least 60% of Cs cations were exchanged by Na.
The133Cs and23Na MAS NMR spectra indicate that the Na cations
replace most of the Cs cations on the larger sites, such as those
at the intersections of the 10MR-channels.15
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pearance of the spinning sidebands due to the7Li satellite tran-
sitions is seen as the Li+ hopping frequency approaches first the
time scale of the magic angle spinning (160-200 °C) and then

the quadrupolar interaction (g250°C; Figure 4). Diffraction mea-
surements are also consistent with dynamical disorder of Li ca-
tions. Thus, RUB-29 may be an excellent two-dimensional ion
conductor. A conductivityσ200 °C of 2 × 10-6 Ω-1 cm-1 was est-
imated for lithium cations at 200°C in the RUB-29 structure based
upon the NMR experiments.16 Conductivity values of the same
order of magnitude have been observed in a lithium-stuffed deri-
vative ofâ-quartz structure,â-eucryptite (LiAlSiO4). This material
shows a conductivity of 10-5 and 10-8 Ω-1 cm-1 at 200°C par-
allel and perpendicular to [001], respectively, and the one-dimen-
sional ionic conductivity (||[001]) reaches values consistent with
superionic conductivity (>10-2 Ω-1 cm-1) at temperatures above
500°C, due to the dynamically disordered Li ions parallel to the
c-axis.17 A.C. impedance measurements of RUB-29 are now in
progress to determine the temperature dependence of the ionic
conductivity and to correlate local probes of motion (NMR) with
bulk measurements.

Despite the high degree of Li mobility, RUB-29 is stable to at
least 500°C in a vacuum. The enhanced flexibility of the [LiO4]-
moiety may explain the presence of three-membered rings of
[LiO4]- and [SiO4]-tetrahedra and the stability of the RUB-29
framework structure. This stability should be contrasted to many
zeolitic materials with high aluminum content that lose crystal-
linity following multiple rehydration and dehydration steps.18

The unique framework properties of tetrahedral Li atoms and
high ionic conductivity clearly demonstrate that this class of new
materials deserves further investigation.
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Figure 1. Computed (line) and observed (crosses) diffraction for the
neutron data of deuterium-exchanged RUB-29 and the crystallographic
model. The upper and lower sets of short vertical lines indicate reflections
of the impurity compound RUB-23 and RUB-29, respectively. The lower
curve shows the difference between the observed and calculated data.
The plot is enlarged in the high angle range 50°< 2θ < 75° to emphasize
agreement between the data and the model.

Figure 2. Novel structure building units Li,Si-spiro-3,5 (left) and Li,-
Si-spiro-5 (right). Small circles indicate the centers of [SiO4]-tetrahedra,
and big circles those of [LiO4]-tetrahedra. In Li,Si-spiro-3,5, Li is located
at the center of one 3MR and two 5MR’s of [(Si,Li)O4]-tetrahedra.

Figure 3. Projection of the RUB-29 framework structure on (100). The
centers of each [SiO4]- (smaller circles) and [LiO4]-tetrahedron (larger
circles) are indicated.

Figure 4. 7Li MAS NMR experiments performed in the temperature
range 25 to 250°C. By 250°C all spinning sidebands disappear and
only the isotropic resonance remains. This suggests that all framework
and nonframework Li+ cations are mobile.
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