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IntrOd u Ctl O n (Rb,Cs)2MgSi5012 leucite (Rb,Cs)2NiSi5012 leucite (Rb,Cs)2CdSi5012 leucite

Synthetic anhydrous analogues Of the Slllca‘te framework jzzz 0 RbCsMgSi5012 hfter heat suml234 .prf Flgure 1 000000 | 0 RbCsNi glass after conv .prf Flgure 2 00000 | O RbCscd|leucite after heat weekend _dist.prf Flgure 3

minerals leucite (KAISI,Og) and pollucite (CsAISI,Og) : 5 N :
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can be prepared with the general formulae A,BSicO;, £ ... : 2 oo
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and ACSi,O,, where A is a monovalent alkali metal £ | v \

cation, B Is a divalent cation and C is a trivalent cation. : My | : *
These structures all have the same topology with B and - [ ™ N T * V T e "

C cations partially substituting onto tetrahedrally Y P Ao o k”“” T — ol e
coordinated sites (T-sites) in the silicate framework and w000 [T T R T e e B i |
charge balancing A cations sitting Iin extra-framework
channels. The A cations can be replaced by ion
exchange and these materials are of potential
technological interest as storage media for radioactive
Cs from nuclear waste [1].

We have used X-ray and neutron powder diffraction to
determine and Rietveld [2] refine the Pbca crystal
structures of leucite analogues [3-7] with the general
formulae A,BSIi:O,,, (A = Rb, Cs; B = Mg, Mn, Co, Ni,
Cu, Zn, Cd). These structures all have ordered T-site
cations and also have A cation sites fully occupied with
either Rb or Cs. In this poster we report the Rietveld
refinements of the Pbca crystal structures of three more
cation ordered leucite analogues with both Rb and Cs
on the A cation sites, these have the stoichiometry of
RbCsX?*Si:O,, (X = Mg, Ni, Cd). The Pbca structure has
two different sites for A cations, this study Is to
discover whether these sites have Rb and Cs cation )\
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Figures 4 (X = Mg), 5 (X =
Ni) and 6 (X = Cd) show
VESTA [9] structure plots for
RbCsX?*Si:O,,.

SIO, tetrahedra are shown
in blue with O% anions are
shown In red. MgO,
tetrahedra are shown In
orange. NIO, tetrahedra are
shown Iin grey. CdO,
tetrahedra are shown iIn
green. Light blue (Cs*) and
pink (Rb*) shadings show
the occupancies of the two
A cation sites.
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_ Figure 4
Synthesis

Discussion

Rb,X?*Sit0,, and Cs,X?*Si:O,, were prepared from
appropriate stoichiometric mixtures of Rb,CO,, Cs,CO,,
SIO,, and XO (X = Mg, Ni, Cd) [3-5, 7] and then 50:50
mixtures of the Rb and Cs samples were made. For X =
NI the starting materials were both glasses, the mixture
was sealed in a gold capsule and heated in a furnace at
1173 K for a week. For X = Cd and Mg the starting
materials were both crystalline, the mixtures were sealed
In a gold capsule (X = Cd) or a Pd-Ag alloy capsule (X =
Mg) these were heated in a furnace at 1173 K for 6
hours.

Crystal structures have been refined for RbCsX?*Si:O,, (X = Mg, Ni, Cd)
leucite analogues from X-ray powder diffraction data. All are isostructural
with their Pbca Rb,XSi:O,, and Cs,XSi:O,, analogues, with divalent X
cations ordered onto separate T-sites than those occupied by Si.

For X = Mg and Ni the RbCsX?*Si:O,, structures have unit cell volumes
Intermediate between that for the pure Rb and pure Cs analogues.
However, for X = Cd the RbCsX?*Si:O,, structures has a unit cell volume
much closer to that for the pure Cs analogue.

For X = Mg the RbCsX?*Si-O,, structure has partial A site ordering of the
alkali metal Cs* and Rb* cations. However, for X = Ni and Cd the
RbCsX?*Si:O,, structures have complete A site disorder of the alkali
metal Cs* and Rb* cations.

Data collection and analysis

After heating the samples were removed from the metal
capsules and mounted on low-background silicon wafers
orior to ambient temperature X-ray powder diffraction.
Data were collected for the X = Mg and Cd samples on a
PANalytical X'Pert Pro MPD using Cu Ka X-rays and an
X'Celerator area detector. For the X = Ni sample data
were collected on a PANalytical Empyrean diffractometer

Figure 6

Table 1 - refined lattice parameters and A site occupancies

a Co Ko X h a2 PIXCEL-3D detect A* cations Rb Rb Cs Cs Rb Rb Cs Cs Rb Rb Cs Cs
ZS'”IQ 0 fO;h Tays d""' d.]f;‘ MG ﬁ‘rea d‘ihe‘i Orli X2+ cations Mg Mg Mg Ni Ni Ni Cd Cd Cd
S;‘r?] VIS(S V‘\’,ereesf’no"l"e_e';]a;eragn'g”isoi f;usc tl(J)I\‘/lee Witha tﬁe a(A) 13.422(1) 13.5676(9) 13.6371(5) 13.469(3) 13.5399(5) 13.6147(3) 13.4121(1) 13.6935(3) 13.6714(1)
Pbcg‘f Ut of gs g 45L.0... [3]. Rietveld refinements b(A) 13.406(1) 13.7115(1) 13.6689(1) 13.480(3) 13.563(1) 13.6568(5) 13.6816(1) 13.8031(3) 13.8240(1)
were done using FULLPROF 18], using the structures of c(A) 13.730(1) 13.5366(9) 13.7280(5) 13.442(2) 13.560(1) 13.6583(5) 13.8558(1) 13.8592(4) 13.8939(1)

| J , USINg . V(A3) 2470.5(4) 2518.2(3) 2559.0(2) 2440.6(8) 2490.1(3) 2539.5(1) 2542.53(5) 2619.6(1) 2625.86(6)
Rb,XSIi:0,, [4, 5 and 7] as starting models with both A

2/ 2l5 . a5 St | A1 Rb occ. 1 0.63(3) 0 1 0.49(6) 0 1 0.52(2) 0
cation sites occupied 50:50 with Rb and Cs. Figures 1 (X
_ N _ . A1 Cs occ. 0  0.37(3) 1 0  0.51(6) 1 0  0.48(2) 1
= Mg), 2 (X = Ni) and 3 (X = Cd) show the Rietveld A2 Rb . 0 37(3 " . 051(6 " . 0.48( 0
difference plots for these structures. Table 1 shows the OcC. 37(3) 51(6) 48(2)

A2 Cs occ. 0 0.63(3) 1 0 0.49(6) 1 0 0.52(2) 1

comparison of the refined lattice parameters and A
cation site occupancies for RbCsX#*Si:O,, compared to

the published values for Rb,XSi:O,, and Cs,XSi:O,,.
Conclusions

Crystal structures have been refined for RbCsX?*Si:O,, (X = Mg, Ni, Cd) leucite analogues. These are isostructural with their Pbca Rb,XSi:O,, and Cs,XSi:O,, analogues. For X = Mg there
IS partial ordering of the Rb and Cs cations over the alkali metal cation A sites. However, for X = Ni and Cd these alkali metal cations are completely disordered.
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