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Abstract
C48H200N8O104Si32, monoclinic, C2/m (no. 12), a = 16.2532(14) Å,
b = 13.3020(7) Å, c = 16.7771(14) Å, β = 96.476(10)°,V = 3604.07(3) Å3,
Z = 1, R(F) = 0.031, χ2 = 2.44, Rgt(F) = , wRref(F2) = , T = 293 K.

CCDC no.: 2341037

Table 1 contains crystallographic data and Table 2 contains
the list of the atoms including atomic coordinates and
displacement parameters.

1 Source of material

RUB-56 samples were hydrothermally synthesized in Teflon-
lined autoclaves at 140 °C for 2–7 days using dieth-
yldimethylammonium hydroxide (Sigma-Aldrich, 20 % in
water) as the structure directing agent (SDA). Reaction
mixtures of composition 0.9–1 SiO2 : 0.5 SDA : 6–10 H2O were
used. Lab-made silica gel (11 wt% H2O) served as the silica
source. A more detailed view on the synthesis of RUB-56 is
presented in a patent application [3]. The sample of highest
crystallinity with respect to purity and (small) halfwidths of
the reflections was used for the structure analysis.

2 Experimental details

Powder diffraction data were collected using a Siemens
D5000 diffractometer equippedwith a Braun linear position-

sensitive detector (2θ coverage = 6°) and a curved germa-
nium (111) primarymonochromator. The powderwas kept in
a sealed glass capillary (0.3 mm in diameter) to avoid
preferred orientation of the crystals. No absorption correc-
tion was necessary. The powder pattern contains a weak
additional peak at 5.75°. Since no other reflections could
be detected that do not belong to the pattern of RUB-56,
this peak was not assigned to an impurity phase. Instead,
the peak at 5.75° was included in the background. Soft
distance restraints were applied to d(Si–O) = 1.620(5) Å,
d(Si⋯Si) = 3.08(4) Å, d(O⋯O) = 2.63(3) Å, d(C–C) = 1.54(1) Å,
d(C–N) = 1.48(1) Å, d(N⋯C, next–next neighbour) = 2.45(4) Å
and d(C⋯C, next–next neighbour) = 2.50(4) Å. Common
isotropic displacement parameters B (iso) were refined for
all Si, all O (layer), all O (water molecules) and all C and N
atoms. The occupancy factors of carbon atoms and those
oxygen atoms representing water molecules were increased
to include the scattering power of the hydrogen atomswhich
could not be located. This procedure was chosen because the
highly diffuse electron density at the position of the carbon
and (water) oxygen atoms includes also the electrons of the
hydrogen atoms.

3 Comment

Hydrous layer silicates (HLSs) – sometimes also called
2-dimensional zeolites (2D-zeolites) – are materials
consisting of (i) pure silica layers (seldom traces of other

Table : Data collection and handling.

Crystal: Colorless grains
Size:  ×  × . μm
Wavelength: Cu Kα radiation (. Å)
μ: not determined
Diffractometer, scan mode: Siemens D, Debye–Scherrer
θ range used: .°–.°
N(hkl)measured 

N(param)refined: 

Programs: Fullprof K [], VESTA []
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elements are present such as Al, B, Ga, Fe), (ii) intercalated
cations of low charge density like [Na(H2O)6] complexes or
organic cations such as tetramethylammonium, and (iii) in
most cases water molecules. Overviews on HLSs have for
example been published by Marler et al. [4], Ramos et al. [5]
and Roth et al. [6]. HLSs are mainly used as precursors to
form expanded silica frameworks by techniques of pillaring,
mesoporous silicas by delamination of the structures, and
high silica zeolites by topotactic condensation of the layers.

RUB-56 forms very small and thin, quadrangular, plate-
like crystals (approx. size: 1 × 1 × 0.05 μm3). Because of the
small size of the crystals only powder datawere available for
structure analysis. The powder XRD pattern of RUB-56 was
indexed in the monoclinic system with approx. lattice pa-
rameters a = 16.22 Å, b = 13.28 Å, c = 16.76 Å and β = 96.45°. The
analysis of systematically extincted reflections led to
possible space group symmetries C2, Cm or C2/m. In addition,
RUB-56 had been characterized by thermal analysis, SEM,
FTIR spectroscopy as well as 29Si MAS and 1H–29Si CP MAS
NMR spectroscopy [7].

The structure was solved by model building taking into
account the close correspondence of the structures of RUB-56
and ITQ-8 [8, 9] which became obvious from the comparison
of lattice parameters, FTIR and NMR spectra. Based on the
known structure of ITQ-8 [9] a rough model of the structure
of RUB-56 was built to start the Rietveld refinement. While
the atoms of the silicate layer were, at the very beginning of
the refinement, already close to the finally refined positions,
the sites of the water molecules and the coordinates of the
carbon and nitrogen atoms were derived from successively
calculated difference Fourier maps. All atomic coordinates
(ignoring protons) were subsequently refined by the Riet-
veld method using FullProf [1] in space group no. 12 (C2/m).
The structure refinement of the title compound gave T–O,

Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

Si −. () . () . () . ()*

Si . () . () . () . ()*

Si . () . () . () . ()*

Si . () . () . () . ()*

O −. () . () . () . ()*

O −. () . () . () . ()*

OH . () . () . () . ()*

O . () . . () . ()*

O . . () . . ()*

OH . () . () . () . ()*

O . () . () −. () . ()*

O . () . () . () . ()*

O . () . . () . ()*

O . () . () . () . ()*

O . () . −. () . ()*

N . () . . () . ()*

C . () . () . () . ()*

C . () . . () . ()*

C . () . . () . ()*

C . () . () . () . ()*

N . () . . () . ()*

C . () . . () . ()*

C . () . . () . ()*

C . () . () . () . ()*
C . () . () . () . ()*

O(water) . () . . () . ()*

O(water) −. () . () . () . ()*

O(water) . . () . . ()*

O(water) . () . () . () . ()*

Figure 1: The lev layer projected on (010) to show the 8-ring pores.
Si: purple, O: red, O–/OH groups: blue.

Figure 2: The structure of RUB-56 constructed from silicate layers
([SiO4] = blue tetrahedra with terminal O–/OH groups as blue spheres),
bands of hydrogen bonded water molecules (light blue) and dieth-
yldimethylammonium cations (C: brown, N: green).
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T–T and O–O distances in the range of 1.606–1.652 Å,
3.072–3.163 Å, and 2.385–2.802 Å, respectively, which are
typical values for layer silicates possessing only Si at T sites
of the [TO4]-tetrahedra.

RUB-56 contains levyne-type silicate layers (lev layer) as
the main structural constituents. In contrast to most HLSs
[10], which possess dense silicate layers with 6-rings as
largest pores (free diameter ca. 2.5 Å), the lev layer of RUB-56
contains slightly elliptical 8-rings pores with free diameters
of 4.0 Å× 3.3 Å (see Figure 1). These pores are large enough to
let small organic molecules pass, rendering the lev layer a
microporous silicate layer. The lev layers in the structure of
RUB-56, are interconnected to neighboring ones by bands of
water molecules being hydrogen bonded to each other and
to the terminal Si–OH-/Si–O- groups of the layers (see
Figure 2). The diethyldimethylammonium cations which
are intercalated between water bands and lev layers
compensate their negative charge. Like ITQ-8, RUB-56 is
also an interesting material to act as a precursor for the
synthesis of microporous framework silicates by interlayer
expansion reactions. Intercalating suitable metal-linker
units like Si(CH3)2Cl2, Fe(III)Cl3 or Fe(III) acetylacetonate
and docking these linkers to two neighboring lev layers
would lead to framework structures with three-
dimensional pore systems.
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