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Single crystals of LagRblr,Oz, grown from a molten rubidium
hydroxide flux, crystallize in the space group /4/m with lattice
parameters a = 7.7422(3) A and ¢ = 17.7979(11) A. The oxide
forms in a new complex structure type.

The formation of oxide structures is strongly influenced
by the relative sizes of the constituent cations and, in fact,
for many structure types, such as rock salt, spinel, and
perovskite, it is possible to anticipate their formation based
on radius ratio rule$.Rubidium is an interesting cation in
this respect because it is one of the largest in the periodic
table and, curiously, rarely reported in complex oxides.
Because of its large size, one would anticipate that it would 2
be found in a high coordination number environment and, Figure 1. Scannlng electron microscope picture ofasmgle crystal ¢f La
hence, not in a common structure type. In this Communica- RblrOz4 isolated from the RbOH flux matrix.

tion, we describe a new rubidium-containing complex oxide, hydroxide to the hydroxide flux growth medium has resulted
LagRb|r4024, that forms in a new oxide structure type in the Synthesis of the title Compound GBb|r40247 the
composed of layers of corner-sharing Lagetahedra, Ir@  composition of which was established by single-crystal X-ray
octahedra, and Rh@octa-face-capped octahedra. diffraction. A polyhedral representation of the tetragonal
Single crystals of LéRblr,O24 (Figure 1) were grown from  structure is shown in Figure 2a and can be described as
a molten rubidium hydroxide flux. L&; (0.75 mmol), It arising from the ABABA stacking of two different slabs:
metal powder (0.5 mmol), and RbOH (4.0 g) were loaded | aRbIr,0y (A), and Lalr,014 (B), where the A layer is
into a silver tube that had been previously flame sealed atoffset by ¢/,x, 1.y, ¥,7) from the A layer. The A layer
one end. After the reactants were loaded into the tube, theconsists of a |arge’ Rb&)octa_face_capped octahedron that
other end of the tube was crimped and folded three times vertex-shares with four Lagbctahedra at the corners of the
before being placed upright into a programmable box furnace. cell and face-shares with four lg@ctahedra situated on the
The tube was heated to 630 in 1 h, held at that temperature  edges of the unit cell. In addition, the lg@ctahedra corner-
for 24 h, and then cooled to room temperature by shutting share with the La@octahedra. The B layer contains five
off the furnace. The crystals were extracted from the flux isolated IrQ octahedra, four of which are located on the
matrix by dissolving the flux in deionized water and isolating edges of the unit cell, while the fifth octahedron is located
the crystals by vacuum filtration. at the center, directly below the rubidium atom of the A layer.
We have used molten hydroxide fluxes extensively to grow The large size of the rubidium atom forces this centrakIrO
crystals of ternary and quaternary platinum group metal- octahedron slightly out of the plane that contains the other
containing oxides, where typically barium and strontium were jsolated IrQ octahedra. The space in theglraO;4 slabs that
the largest cations present. As predicted by radius ratio rules,is not occupied by the Iroctahedra is filled by the
the large size of strontium and barium relative to the smaller Janthanum cations that are located in distorted, capped-
platinum group cations of ruthenium, osmium, and iridium  trigonal-prismatic environments. The layers are all connected
often led to the growth of perovskite-type oxide crystals. via chains of La@—IrOs—RbO,—IrOs—LaOs corner-shared
Our recent experimentation with the addition of rubidium polyhedra that run along thedirection.
- The La—0O bond distances in the La@ctahedra consist
* To whom correspondence should be addressed. E-mail: zurloye@sc.edu.mc two short 2.92(13) A bonds and four longer 2.467(9) A
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(1) Giaquinta, D. M.; zur Loye, H.-CChem. Mater1994 6, 365. bonds. The isolated Ir{octahedra of the A slab consist of
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2 Figure 3. (a) Unit cell of LaRblrs0,4 viewed down [010] I axis) with

: ; : ; : Rb atoms shown as blue octahedra. (b) Ahlayer viewed down [001]q
E'gu;foﬁq's (s?omt if]eltl)lafeLalgngtlgnOé; mexﬁgxogﬂ(}oﬁgl Etgi(r:? t\;\ka axis) shown as it is related to the double perovskite structure. Notice that

the IrGs octahedra (yellow) are no longer face-shared to the Rb polyhedra.
corresponds to the LaRb®;o layer, B corresponds to the lghi,014 layer, . . e .
andA’pcorresponds o thellgaFglb(Dm layer o?fset by Hox 1/2;’ 17212).)/@) (c) Comer-sharing connectivity of a generic, tiltedB8'Os double
The A layer viewed down [001]q axis). Oxygen atoms are shown as red perovskite that is related to the connectivity ofyRé&IrsO24 shown above.
spheres. (c) 14-fold coordination environment of the Rb atom.

0.015

two short 1.940(9) A bonds and four longer 2.021(6) A
bonds, and the IrPoctahedra in the B slab consist of one
short 1.938(14) A bond, one long 1.989(13) A bond, and

four intermediate bonds of 1.958(6) A, which are typical 0.010 o 5 o6
bond lengths found in octahedrally coordinated iridium(V)- . =
containing oxides. The L-aO bond distances in the capped- ) 04
trigonal prisms range from 2.423(6) to 2.736(7) A. ;: 02
Interestingly, we can relate this newdRblr,O,4 structure il .
type to that of the well-known perovskite structure by 0.005 -1 0 50 100 150 200 250 300

ignoring several of the longer RO bonds, thereby limiting Temperature (K)

the coordination environment of the Rb polyhedra to that of
an octahedron. The RO bond distances found in the
octahedra consist of four 3.267(10) A bonds and two 2.680-
(14) A bonds, which are consistent with the bond lengths 0.000 | rmm—
found in other rubidium-containing complex oxicke$ [For 0 30 100 150200 250 300
the sake of this argument, we are ignoring eight only slightly Temperature (K)
longer Rb-O distances (3.319(7) A) that would otherwise Figure 4. Temperature dependence ofth_e ZFC (squares) and FC (circles)
. . .magnetic susceptlblll_ty of LgRblryOza. Inset: Temperatu_re dependenc_e of
generate the octa-face-capped octahedral coordination envithe squared magnetic moment ofgRIrOz.. A linear fit of the data is
ronment.] This is depicted in Figure 3a, where the corner- shown as a solid line.
sharing connectivity along thedirection is illustrated, now )
resulting from chains of La@-1IrOs—RbOs—IrOs—La0s Notice how the Ir_(a octahedra of the B slab trans-vertex-
octahedra. What makes this description so intriguing is that Share oxygens with the La@nd RbQ octahedra and how
the A layer, shown in Figure 3b, is now reminiscent of the this LAQ—IrOs—RbQ;—IrOs—LaCs linkage prevents corner
corner-sharing octahedral arrangement found in double Sharing between the lgdctahedra in the B slabs. The much
perovskites. The corner-sharing of these octahedra leads tdarger size of the Lapand Rb@ octahedra causes the
the double perovskite-type layer. Because of the very large iridium cations to be se_parated from one another sufficiently
size of the La@and RbQ octahedra, however, there is room (O Prevent comer sharing. _ o
for the IrQ; octahedra, which additionally corner-share with  The temperature dependence of the magnetic susceptibility
two LaQs octahedra and one Ri@ctahedron. In Figure  for LaRbILOz4 is shown in Figure 4. The susceptibility
3b, the similarity of this layer to the layers found in double ncreases with decreasing temperature over the entire mea-
perovskites (Figure 3c) is emphasized by showing the cationsSured temperature range, and the zero-field-cooled (ZFC) and

in a corner-shared octahedral coordination environment. field-cooled (FC) data overlay in all cases.
Itis known that iridium(V) has a nonmagnetic ground state

Magnetic Susceptibility (emu/mol)

(2) Armstrong, R. A.; Anderson, P. Anorg. Chem 1994 33, 4366. and therefore contributes very little to the overall suscepti-
(3) Kumada, N.; Iwase, E.; Kinomura, Miater. Res. Bull.199§ 33, bility.6~1* Furthermore, because of the fact that in this

@) }rz,ﬁi K. Sato, MJ. Mater. Chem1996 6, 1067. structure the iridium cations are all isolated, we do not expect
(5) Porter, Y.; Halasyamani, P. 3. Solid State Chen2003 174, 441. significant magnetic coupling between them. We can deter-
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mine the magnetization at zero temperature following the (3) A, ¢ =17.7979(11) AV = 1066.84(9) & Z=2,D. =

procedure of Hayashi et al., which was later modified by

7.747 Mg n73, u(Mo Ka) = 44.783 mm?, crystal size 0.04

Darriet et al., by plotting the squared magnetic moment as a x 0.04 x 0.02 mn#, 6 range 2.29-30.5C°, 9959 reflections

function of temperaturg!* From a linear fit extrapolation
of this plot to zero temperature, it is possible to calculate
the iridium(lV) content in this compound that could arise
from an oxygen deficiency. The? vs T plot, shown as the
inset in Figure 4, corresponds to an iridium(IVP(d= 1/,)
content of no more than 2.0%.

 crystal data: X-ray intensity data of a small black-block
crystal were measured at 150(1) K on a Bruker SMART
APEX CCD-based diffractometer system using Ma K
radiation ¢ = 0.710 73 A). LgRblr,0,4, M = 2488.46 g
mol%, tetragonal, space groug/m (No. 87),a = 7.7422-

(6) Powell, A. V.; Gore, J. G.; Battle, P. D. Alloys Compd1993 201,
73.

(7) Walewski, M.; Buffat, B.; Demazeau, G.; Wagner, F.; Hagenmuller,
P. Mater. Res. Bull1983 18, 881.

(8) Hayashi, K.; Demazeau, G.; Pouchard, M.; HagenmulleiM&er.
Res. Bull.198Q 15, 461.

(9) Davis, M. J.; Mugavero, S. J., lll; Glab, K. I.; Smith, M. D.; zur Loye,
H.-C. Solid State Sci2004 6, 413.

(10) Wakeshima, M.; Harada, D.; Hinatsu, X .Alloys Compd1999 287,
130.

(11) Darriet, J.; Demazeau, G.; Pouchard, Nater. Res. Bull1981, 16,
1013.
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collected, 843 independerR{ = 0.0442), data/restraints/
parameters 843/0/46, RAY = 0.0300, wR2F ?) = 0.0652,
GOF= 1.098 (all data)p(max/min)= +2.31/-3.75 e A3,

The structure was solved and refined using SHELXTL
version 6.1. ICSD reference number 415582nagnetism:
Magnetic susceptibility measurements were performed on
loose crystals of LgRrblr,O4 using a QD MPMS XL SQUID
magnetometer. The sample was measured under both ZFC
and FC conditions in applied fields of 10 kG over the
temperature range of 2 K T < 300 K. The sample was
contained in a gel capsule suspended in a plastic straw for
immersion into the SQUID.
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