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Crystals of (NaLay)NaPtOg were grown in an acidic (“wet”) NaOH
flux. (NaLa,)NaPtOg forms in a 2H-perovskite related structure type
and contains mixed cation (Na/La) occupancy on the A-site. The
crystal was a rhombohedral obverse-reverse twin, and it crystallizes
in the space group R3c (hexagonal setting) with lattice parameters
of a = 9.5031(2) A and ¢ = 11.4625(5) A. (NaLaz)NaPtOy is the
first example of an m = 0, n = 1 (AsA'BOs) member of the
Asn+3mA"\Bam+nOgmeen family of oxides where either a lanthanide
or a sodium cation occupies the A-site.

(NaLa)NaPtQ is a novel and unusuah = 0,n =1 (or
A3A'BOg) member of the AnamA'nBamtnOom+en family of
2H-perovskite related oxides by virtue of being the first
example of an oxide in this family containing a rare earth
cation on the A-site. Motivated by the interesting magnetic
properties observed in some members of this family, and
intrigued by the compositional diversity,numerous research
groups have targeted the synthesis of new compositions
belonging to this family. This has resulted in a multitude of
oxides of them = 0, n = 1 structure type (AA'BOs)
containing metals in oxidation states ranging frofi/B5*
to A"4*/B?*. Up to now, the A-site cations have always been
Ca, Sr, or Ba with representative examples df/B5t,
SrLIRhOg® and SgNaSbQ;* A'27/B*", CaMgIrO¢® and
SiPtG;® APT/B3T, SESMRhQ’ and SgInNiOg;® and A4t/

B2", SPbNiOs.° During our exploration of the LaNa—
Pt—0O phase space, we synthesized (NahNaPtQ, a novel
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m= 0, n = 1 oxide and the first example of one containing
La®" (or any lanthanide, for that matter) on the A-site.
Furthermore, (NaLaNaPtQ is the first example of an oxide
with this structure type having two types of elements in the
A-site.

The idealized ABQ@ perovskite structure results from the
stacking of close-packed [A{layers and the filling of the
thus generated octahedral sites with B cations, where an
ABCABC stacking results in the cubic and the ABAB
stacking results in the hexagonal perovskite structure. In
addition, the triple and quadruple perovskite structures are
generated by mixed cubic (ABC) and hexagonal (AB)
stacking sequences. Further structural variety is obtained if
one allows for the use of a close-packed layer other than
[AOg3]. For example, the inclusion of an fA'Og] layer leads
to a family of 2H-related perovskites with general formula
Asznt3mA'nBamnOamten that was first described by Darriet and
SubramaniafA?!! The simplest member of this family, the
m = 0, n = 1 or AsA'BOs structure, results from the
hexagonal stacking of all [fA'Og] layers and the filling of
the generated octahedral sites by the B-cations. This gives
rise to a structure that contains infinite chains of alternating
face-sharing octahedra and trigonal prisms; these chains are
in turn separated from each other by chains composed of
the A-cation.

A major breakthrough in the synthesis and structural
characterization of oxides belonging to this family was
realized by the ability to grow single crystafsom molten
salts or fluxes? Interestingly, while carbonates and halides
have been the most successful fluxes for the growth of high
quality single crystals of this family, they have failed to yield
crystals containing any lanthanides. Fortunately, it is known
that hydroxide melts are an excellent medium for synthesiz-
ing lanthanide containing oxid&s4and that the acidbase
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chemistry of hydroxide fluxes is well described by the Eux
Flood acid-base definitiort>1¢ Moreover, the application

of the Lux—Flood description dictates the necessity of
controlling the water content of the flux in order to control
its acid—base properties and hence the solubility of the rare
earths within itt>"17 specifically, it has been established that
rare earth oxides (RBs's) are soluble in acidic (“wet”)
hydroxide solutiond® Our group has recently begun a
concerted effort to use hydroxide fluxes to grow single
crystals of perovskite and perovskite related oxides contain-
ing both platinum group metals and lanthanide elements. One
result, the growth of crystals of the unusual (NghaPtQ,

is communicated herein.

Crystals of (NaLgNaPtQ'® were grown from a high
temperature “wet” hydroxide melt. L@ (Alfa, 99.9%, 0.5
mmol) and (NH),PtCk (prepared according to Kaufmah,

1 mmol) were mixed thoroughly and placed in a silver
crucible and topped with 10 g of NaOH (Fisher, ACS
reagent) ad 2 g of HO. The crucible was covered with a
silver lid and heated in air at a rate of’&/min to 700°C,

and held at that temperature for 12 h, at which point the
furnace was shut off and allowed to cool to room temper-
ature. Small yellow crystals of (Nak@NaPtQ were isolated
from the flux by washing with water, aided by the use of
sonication. All of the several crystals examined were obverse-
reverse twins, and typical crystals measured approximately
40 um x 60 gm.

Scanning electron micrographs of several crystals were
obtained using an FEI Quanta 200 ESEM instrument utilized
in the low vacuum mode. A representative image of a
(NaLa)NaPtQ crystal emphasizing crystal morphology is

; i i i S Figure 2. Structure of (NaLgNaPtQ viewed along [110] consisting of
shown in Figure 1. Energy dispersive spectroscopy verified chains of alternating face-sharing Rt@rtahedra (blue) and Na@igonal

the presence of La, _Na’ Pt, and O, and also within the ,isms (red) separated by chains of Na/La atoms. Lanthanum/sodium atoms
detection limits of the instrument, the absence of extraneousare shown as black spheres; oxygen atoms are shown in yellow.

elements.

An approximate [110] view of the structure of (Naja DY Six spiral chains of distorted [(La/NajPsquare anti-
NaPtQ is shown in Figure 2. (NalgNaPtQ is anm = 0, prisms.
n = 1 member of the AvamA'nBaminOam+en family, whose (NaLa)NaPtQ is the first example of an oxide having
structure consists of infinite chains of alternating face-sharedthis structure type in which a lanthanide cation {ba
[NaQy] trigonal prisms and [Pt§) octahedra. The structure — occupies the A-site. All previous examples have contained
is derived from the hexagonal stacking of close packed divalent alkaline earth cations, such asC&r*, and B&".
[(La;Na)NaQ] layers with the subsequent filling of the Itis not, however, unprecedented for lanthanide elements to
generated octahedral sites by the Pt atoms. The polyhedrafXist in the AA'BOs structure; however, they have previ-
chains run along [001] and are separated from each otherously only occupied the trigonal prismatic’-Aite. 820723
From a size standpoint, it is not surprising that La would
(15) Lux, H.Z. Elektrochem1939 45, 303. occupy the A-site, as 134 (1.18 A) and C&" (1.12 A) in an

8% g'g:g’ JHB;JI:IO%%T' CThAirCntaF?Qg?zi ?8?2‘1941 1,592. 8-fold coordination environment are quite simi#f&Further-
(18) Crystal data for (NalaNaPtQ;: formula LaNaPtQ;, MM = 614.89 more, the A-site in this structure type appears to be very
%/mol,t%gonggoSpacelgzrgotR\f/%c, a8;6b4=8?é)5(§>12(2) %CT: 112.332}?(/?) receptive to cations of variable size, accommodating lan-
La=f=9C,y =120, V= 896. 7226 T= , . o .
= 0.71073 A.D. = 6.834 glcrd, crystal size 0.06« 0.04 x 0.02 thanum and alkaline earth cations into this structure.

mne, u = 37.498 mm?, Omax = 33.2T, independent reflections 390 Another interesting feature of (Nab&laPtQ is the fact

(Rt = 0.0339), data/restraint/parameters 390/0/22, fiRgF) = _ai ; ;
0.0234 Ru(F?) = 0.0457 (all data). Atomic coordinates §, %) and that the A-site is shared between one sodium and two

equivalent isotropic displacement parameters: Pt (0, 0, 0) 0.00501(12)

Figure 1. SEM micrograph of a (NalLNaPtQ crystal.

AZ La (0, 0.3612(4)4) 0.00970(16) & Nal (0, 0.3612(4)%/,) (20) James, M.; Attfield, J. RI. Mater. Chem1994 4, 575.
0.00970(16) & Na2 (0, 0,%4) 0.0113(9) &; O (0.1863(5), 0.0255(5), (21) Layland, R. C.; Kirkland, S. L.; Niez, P.; zur Loye, H.-CJ. Solid
0.1025(3)) 0.0125(3) A The La site occupancy is 0.677(4), and the State Chem1998 139 416.
Nal site occupancy is 0.323(4). The crystal was an obverse-reverse(22) Nifiez, P.; Rzeznik, M. A.; zur Loye, H.-&Z. Anorg. Allg. Chem.
twin; see Supporting Information for complete details of refinement. 1997 623 1269.
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lanthanum cations. Sodium and lanthanum are of coursetrigonal prismatic coordination about the sodium atoms is
known to substitute for one another and are very close in unusual outside this structure type, the-N& distance of
size (N& = 1.16 A, L&t = 1.18 A)2 When A= alkaline 2.371(4) A is comparable to previous examples (N®
earth, charge neutrality requires theakhd B site chargesto  bond 2.33-2.40 A)42° Accepting, therefore, that (Naba
sum to+6. A corresponding A= lanthanide analogue would  NaPtQ contains L&", Na*, and Pt", a charge balance is
only allow a sum of+3 for the A and B site€® Since the achieved between the A-site-{), the A-site(+1), the B-site

B and A site cations, platinumif4) and sodium-1), sum (+4), and the oxygens—<12).

to a previously unheard of5, charge neutrality prevents In summary, (NaLgNaPtQ, a novel 2H-related
the A-site from being fully occupied by a trivalent lanthanide perovskite, is the first example of a member of the
cation. However, charge balance can be achieved by mixedAzn:+3mA’nBamnOom+en family containing L&" in the A-site
(NaL&) occupancy, as is observed for this compound. as well as having mixed A-site occupancy. This study further
Refinement of the X-ray data supports this argument. establishes the utility of molten hydroxides for the crystal
Refinement of the A-site as a mixed La/Na position (with growth of oxides containing both a platinum group and a
the total occupancy constrained to sum to unity) resulted in lanthanide row element. Finally, since the A-site appears to
La/Na occupancies of 0.677(4)/0.323(4), very close to adapt to elements of a wide size range, work toward the
satisfying charge balance as well as giving excellent refine- crystal growth of analogous compounds containing additional
ment statistics. lanthanide elements is currently underway.
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correlation between oxidation state and metal oxygen bond

lengths. ;he Z{?] bopd dls;ance n (Nalgmspt%e‘;f information for (NaLa)NaPtQ in CIF format. Detailed information
2.035(4) and thus in good agreement with ot Pt regarding the strategy used in the refinement of the obverse-reverse

containing oxides of both this structure type and others yinned (NaLa)NaPtQ crystal. This material is available free of
(Pt—0O bond 2.0+2.04 A)228 Likewise, while the  charge via the Internet at http://pubs.acs.org.
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