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High Pressure Transformation of La;CusMo0O1, to a the cell® a new perovskite phase is found which contains unmixed
Layered Perovskite copper oxygen layers. LnAKILn =Y, Eu—Er)’is a previously
reported example of a simple AB®eries which transforms under

Douglas A. Vander Griend, Sophie Boudin, and .
Kenneth R. Poeppelmeier* pressure from a hexagonal phase to a perovskite. However,

. ) La,CwsM00;; is the first example of a AP~ HP transformation
Department of Chemistry and the Science and Technology for an A(BB")O; type compound. Transformation also occurs
Center for Supercondueity with Pr,CsMoO;, and NdCusMoO,, and studies are continuing
Northwestern Uniersity, 2145 Sheridan Road ) e other members of the series. On the basis of the Rietveld
Evanston, lllinois 60208-3113 refinement, the HP lanthanum phase crystallizes inRBgm
Masaki Azuma, Hiroki Toganoh, and Mikio Takano space group (No. 11) wita = 8.2354(5) Ab = 7.7809(4) Ac
. . N = 7.8572(4) AB = 92.155(2, V = 503.1 &, Z = 2 (Figure
Institute for Chemical Research, Kyoto Weisity 1b)5 Differential thermal analysis and XPD reveals that it reverts
Uji, Kyoto-Fu 611, Japan  15°the AP phase at around 80C in air. As described by
Receied June 29, 1998  Anderson et alf,a monoclinic cell of approximatelyad x 2aj

High pressure (HP) can facilitate the synthesis of metastable ™ 28, whereg, is the CUb'C. cell parameter of_s_lmple perovskite,
superconductors because it stabilizes the perovskite structure. IrPuggests that the phase is layered. Speqﬂcally, the structure
this paper, we describe the HP synthesis of a new copper-rich consists of alternatlng layers of corner-sharl_ng Gpartahedra
layered perovskite, L&uMoOs,, which is isotypic with La- and corner-sharing (Cu/l\_/lo),Q octahedra _(Flgure 2b). In the
CuSnQ.! When synthesized at ambient pressure (AP), it forms copper I}ilyers, the C*}:f\o in-plane: bond @stances range from
a structure with remarkably low and unusual coordination of the 1.94(3) Iy to 2.11(3) ,’thereas the_ apical bond distances are
constituents, which after treatment at high pressure and high2'26(3) and 2.41(3) A. In the mixed layers, however, the

- - B-cations coordinate with longer in-plane (Cu/Md) bond
temperature adopts the new peroysklte structu.re that contamsIengths ranging from 2.09(4) A to 2.17(2) A, and shorter apical
unmixed copperoxygen planes linked by mixed copper/ bond lenaths of 1.83(3) A and 1.99(3) A Th ite 3ah
molybdenum-oxygen planes. ond lengths of 1.83(3) A and 1.99(3) A. ese opposite sann

: : . : Teller distortions cause a mismatch between adjacent layers which
Unlike previous layered perovskites synthesized under pres-
sure? LafCLbMOOQ yalso gxists as a ;))/olymorphic ambignt forces them to buckle, and as expected, the (Cu/M@)@yers
pressure phase.The complete AP series, LBWMoO:, (Ln = buckle more than the Cu{ Iaye.rs. The average in-plane
Y, Pr, Nd, Sm-Tm), can be synthesized and will be reported in (Cu/Mo)~O—(Cu/Mo) bond angle is 133(3)while the average
subsequent papers. The X-ray powder diffraction (XPD) pattern in-plane Cu-O—Cu bond angle is J_USt 162(1) )
of AP La;CsMoOs, (Figure 1a) is similar to that of InME(M In other layered double perovskite structures, the buckling of
= Mn, Fe, Gaj (P6/mmcspace group (No.194)= 3.95303(5) the cuprate planes is understood to result from the size mismatch
A, c=10.9997(2) AV = 148.9 & andZ = Y/,.5 The average between the copper and non-copp@ifcations? _In layered
structure consists of sheets of lanthanum cations between layerd-n2CuSNQ (Lnlz La, Pr, Nd, Sm) for example, Snis markedly
of corner-sharing (Cu/Mo)Qas trigonal bipyramids (Figure 2a)). Iarger than Cl and maintains a near octahedral coordination
The Cu and Mo cations are distributed on trigonal bipyramidal €nvironment. The size mismatch causes both the gp@nd
sites D3, Symmetry) that are oxygen-bridged to three neighboring CUCs:z1ayers to buckle with an average in-plane-&b—Sn bond
sites. The two remaining apical oxygen atoms are bonded to the@ngle of 141,1(3) and an average in-plane €E0—Cu bond angle
lanthanum cations. However, the XPD data clearly show a of 164(3f.! These angles compare with those of HR,Ci&-
superstructure (Figure 1a) which indicates that the structure is aM0Or2 even though MY is considerably smaller than 8n The
homeotype of INM@. Electron microscopy and neutron diffrac- @verage CtrO and Cu/Me-O bond lengths are nearly equal, but
tion studies are in progress to confirm the precise structure.  the in-plane bond distances of adjacent layers differ because of
The AP lanthanum phase contains large metal cations, smallthe different orientations of the Jahiieller axes.

metal cations, and oxygen anions in a ratio of 1:1:3, the same as  The susceptibility data of the HP lanthanum sample reflect the
perovskite. The low coordination of the Cu, Mo, and La ions of magnetism of the Cug) planes without strong interference from
5, 5, and 6-2, respectively, observed in the AP phase, makes it the La ions? In Figure 3, two antiferromagnetic tran5|_t|0ns_ are
a prime candidate for a high pressure study because pressur@bserved affy, = 280° K and Ty, = 25° K.*° The first is
increases the coordination preferences of the constituent ions attributed to the 2D antiferromagnetic ordering, similar to that
When the ambient phase is subjected to 6 GPa and°1QaGor which was observed in XCuQ;,° within the cuprate plane and

30 min in a cubic anvil-type HP apparatus and removed from Occurs at even higher temperatures than in the layered perovskites,
Ln,CuSnQ (Ln = La, Pr, Nd, Sm where 235 Kk Ty; > 200
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(99.99%). Mo (99.99%). and Lagy in stoichiometric ratios. The mixture which has been confirmed by electron diffraction, the 2b and the

was then pressed into pellets, fired at 1085 4 days with two intermittent 2d Wyckoff positions are the two crystallographically independent
grindings, and finally air quenched.
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6.63%,R = 5.29% for the ambient phase, aRd = 3.83%, R, = 5.55%, (1()) Susceptibility measurements for both phases were performed on a
Rexp = 4.77%,%? = 1.35, Roragg = 8.18%, R = 7.31% for the high-pressure Quantum Design MPMS SQUID magnetometer from 5 to 350 K in an external
phase. field of 1000 Oe.
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Figure 1. (a) XPD and Rietveld refinement of AP kawMoO;,. Supercell peaks, indicated with a star, can be described by either a hexagonal or
orthorhombic supercell. (b) XPD and Rietveld refinement of HRALgMoO; ..

MoO,, families) and high-temperature superconductors (HTSCs).
In the layered stannates and molybdates, the gguf@tahedra
distort and organize into layers at the expensB-oétion entropy.
These Cu-O planes possess the connectivity of known HTSCs
but they buckle heavily. Almost all HTSCs possess nearly flat
cuprate planes consisting of oxygen deficient Guénd CuQ,
units which promote charge delocalization in the plane. Barium
substitution for lanthanum in L&NCuQ@ to make LaBa,Cu,-
Figure 2. High-pressure transformation of AP JGLeMoO, to a layered SOy, introduces oxygen vacancies and flattens out the cuprate

perovskite. Cu@. polyhedra are white, whereas (Cu/M@)}Oand planest* A similar tactic may help to flatten out the cuprate

(Cu/M0)Qy4313 polyhedra are gray. Black circles are lanthanum. planes in HP LgCusMo0;; as well. The HP title phase has the
advantage of additional ®uin the blocking layers to facilitate

gz @ e ® charge transfer between the €0 planes. It is clear that

i g 1 %rc ] molybdenum contributes uniquely to the nature of these phases

Eoe 2204 % 007 as well because LELWWO;, (Ln = La, Pr, Nd, Gd) does not

gf % g A 1 form under similar ambient or high-pressure conditions.

i ; \ :':- 1.0 In conclusion, the new copper-enriched, layered perovskite, La

51 s CwMoO,, has been synthesized under high pressure from a

Y S s T R T e —— polymorphic phase. Li€uTiOs forms perovskite for L= La—
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of the present work, we suggest that members of the latter
hexagonal series would be good candidates for high-pressure
transformation into perovskite structures with cuprate planes. Also,
other high valenB-cations could be utilized as well to make more
sites in the mixed plane. These sites are arranged in rows alongCu-rich perovskite-type compounds such asz;@upMYOy,
the b axis, owing to the set of mirror planes perpendicular to the Lns,CusMY'Oy,, and LCuMY'Oys5. Most importantly, modifica-
b axis. According to the Rietveld refinement, the copper and tion of theA-cation constituency to include mixed aliovalent and
molybdenum cations are arranged randomly rather than in rows heterovalent species should further stabilize Cu-rich perovskite
for this quenched sample. structures and create oxygen vacancies or introduce hole-charge

The Goldschmidt tolerance factdt? (t), which is calculated carriers.

based on the assumption that the constituent ions are spherical,
predicts that the perovskite structure forms for 0s80< 1.00%3

Figure 3. (a) Zero field cooled molar (per copper ion) susceptibility
data for AP LaCusMoO;3, in contrast with (b) Zero field cooled (ZFC)
and field cooled (FC) molar susceptibility data for HP,CasM0O;2.
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