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Single crystals of a new series of lanthanide-containing palladates, LnKPdOs (Lh = La, Pr, Nd, Sm—Gd), and a
partially copper-substituted palladate, PrK(Cug14Pdogs)0s, Were grown from potassium hydroxide fluxes. The
compounds are all isostructural and crystallize in the C2/m space group with lattice parameters ranging from a =
13.4232(8) to 13.0212(2) A, b = 3.9840(2) to 3.9096(2) A, ¢ = 7.4424(4) to 7.3209(9) A, and B = 105.644(2) to
104.427(2)°. The crystal structure contains ordered slabs of LnO;- and KO+-capped trigonal prisms arranged in a
complex network of face-, edge-, and vertex-shared polyhedra which, in turn, share edges with PdO, square planes.

Introduction palladium, can substitute on the B site and result in
The ability to substitute elements for one another in oxides COMPOsitions such as G, SLPQ;, CaPdQ,* and Ca-

is known for virtually every structure type where, in general, MdlrOs,** to name a few. _

the two most important factors for a given chemical Other substitutions are more complex and involve the
substitution are the size and charge of the constituent cations€Xchange of two divalent cations by one monovalent cation
In this regard, platinum group metals make excellent @nd one trivalent cation. For example, (NglaPtQ was
substitutes for each other in many structure types becauseh® first example of a 2H-perovskite-related oxide in which
they are very similar in size for a given oxidation state and, the A-S|_te substitution of_an alkallng-earth metal cat|qn by a
furthermore, are able to assume a wide range of oxidation/@nthanide and an alkali-metal cation was accomplisfed.
states. An excellent example demonstrating this interchange-Since then, several other A-site-substituted 2H-perovskite-
ability of platinum group metals can be found in the related oxides with the general formulag(ANa)NaBO; (A
lanthanide-containing double perovskite osmates, ruthenates=— L&, Pr, Nd; B= Rh, Pt) have been reportétiSimilarly,

and iridateswith the general formula LaMM'Og (Ln = La, the oxide GdodNaodrO, is related to CdrO,, via the

Pr, Nd, Sm, Eu; M= Li, Na; M’ = Ru, Os, Ir)2- Similarly substitution of two Ca cations for one Gd cation and one
in the 2H-perovskite-related oxides described by the generalNa cation. In that series, LaNa.xIrO4 (Ln = Gd—Er, Y;
formula Agys amA nBamnOameen’ 9 @ Wide variety of platinum X = 0.04-0.25), itis interesting to note that the composition
group metals, including platinum, rhodium, iridium, and adjusts itself in an attempt to maintain a constant unit-cell
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volume (Lr#* (1.00-0.945 A) and Na (1.12 A))25 There

are, thus, several complex substitutions that can be achieved,
including 2C&" = Ln3" + Na*, 2Sf" = Ln3" + K™, and
2B&" = Ln3" 4+ KT for differently sized lanthanides.
Traditionally, to achieve such compositional changes, one
has relied on solid-state powder synthesis to prepare materials
with new compositions, where one or more of the constituent
elements from a previously prepared and structurally char-
acterized phase have been substituted.

We have been interested in the discovery of new materials
through crystal growth, where we have focused our efforts
on studying the reactivity of lanthanide and platinum group
metals in alkali-metal hydroxides as a means of growing
high-quality single crystals of new oxide materials. Within
this group of platinum group metal oxides, the chemistry of
new palladates grown from alkali-metal hydroxides remains
relatively unexplored. Several years ago, we reported the

hydroxide flux synthesis of CaR@, and SrPg0,,'® and
more recently, we succeeded in synthesizing LUuN@g,c
new material structurally related to the Al (A = Ca,
Sr) phase&¢ 18 from a sodium hydroxide flux. Interestingly,
LuNaPdOg represents the first example of an ordered

Figure 1. Scanning electron micrograph of a EuKPgdéngle crystal.

Experimental Section

Crystal Growth. Golden-brown, needle-shaped single crystals

substitution of a lanthanide metal and an alkali metal for an of LnKPdO; (Ln = La, Pr, Nd, Sm-Gd) and Prk(Cy14Pth.s9Os

alkaline-earth metal on the A site of a platinum group metal were grown from molten potassium hydroxide fluxes,0a(Alfa
oxide and also the first palladate to contain both a lanthanide Aesar, 99.9%, 0.5 mmol), RDs (prepared by heating 5., (Alfa

and an alkali meta? In an effort to further explore the

Aesar, 99.9%, 0.5 mmol) in a reducing atmosphere at 2Q0for

chemistry of palladium in hydroxide fluxes, we have prepared several days), N@s (Alfa Aesar, 99.9%, 0.5 mmol), Si0s (Alfa

a new series of ordered, lanthanide- and alkali-metal-

containing palladates, LnKPddLn = La, Pr, Nd, Sm-
Gd), and a partially copper-substituted analogue, Pr({&€u
Pdh g9 O3, from potassium hydroxide fluxes. For this structural
series, we essentially modified theMO3 (A = Ca, Sr, Ba;

M = Cu, Pd}"2%2° alkaline-earth metal palladates and
cuprates, where we took advantage of the 2BaLn3" +
K*)-type substitution. The crystal growth and structural
characterization of the new palladates LnKBdOn = La,

Pr, Nd, Sm-Gd) and the partially copper-substituted ana-
logue, PrK(Cy.14,d 5603, are reported herein.
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Aesar, 99.9%, 0.5 mmol), Q3 (Alfa Aesar, 99.9%, 0.5 mmol)

or GO3 (Alfa Aesar, 99.9%, 0.5 mmol), Pd metal (Engelhard,
99.9%, 1 mmol), and KOH (Fisher, ACS reagent, 15.0 g) were
loaded into alumina or silver crucibles and covered. In the case of
Prk(Cuw 14t 8Os, CuO (Alfa Aesar, 99.7%, 1 mmol) was utilized
as the source of copper. The crucibles were placed into a
programmable box furnace and heated to 760in 2 h, held at
that temperature for 5 h, and then cooled to 800in 36 h. The
reaction was allowed to cool to room temperature by shutting off
the furnace. The crystals were removed from the flux matrix by
dissolving the flux in water and isolating the crystals by vacuum
filtration. Attempts were made to synthesize the analogous
LnK(CuPd—4)Os (Ln = La, Nd, Sm-Gd) phases; however, the
reactions failed to yield either single crystals of acceptable quality
for single-crystal X-ray diffraction or polycrystalline samples for
powder X-ray diffraction.

Scanning Electron Microscopy.Single crystals were analyzed
by scanning electron microscopy using an FEI Quanta Scanning
electron microscope instrument utilized in the low-vacuum mode.
A scanning electron micrograph of a single crystal of EUKP®O
shown in Figure 1 and is representative of the crystal morphology
observed for both the LnKPd@Ln = La, Pr, Nd, Sm-Gd) series
and PrK(Cy.14,thgeOs. Energy-dispersive spectroscopy (EDS)
verified the presence of Ln, K, Pd, and O in LnKPg@n = La,

Pr, Nd, Sm-Gd) and Pr, K, Cu, Pd, and O in PrK(guPd) g5 O3
and, within the detection limits of the instrument, confirmed the
absence of extraneous elements, such as silver.

Structure Determination. Single crystals of LnKPd@(Ln =
La, Nd, Pr, Sm-Gd) and PrK(Cul14Pth 89 Os formed as transparent,
golden-brown needles. X-ray diffraction intensity data for each were
measured at 294(2) K on a Bruker SMART APEX diffractometer
(Mo Ko radiation,A = 0.71073 A)3° The data collections were
programmed to provide high redundancy tf,g = 65° (62° in
the case of L= Gd due to small crystal size). Raw area detector
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Table 1. Crystallographic Data and Structural Refinement for LaKRd@KPdQ, NdKPdG, SmKPdQ, EuKPdQ, and GAdKPd@

empirical formula

LaKPdG; PrkPdQ NdKPdQ
fw (g mol™?) 33241 334.41 337.74
space group C2/m Q/m Q2/m
unit-cell dimens
a(h) 13.4232(8) 13.2620(5) 13.2053(6)
b (R) 3.9840(2) 3.9576(2) 3.9444(2)
c(A) 7.4424(4) 7.3865(3) 7.3711(4)
p (deg) 105.644(2) 105.1580(10) 104.970(2)
V (A3 383.26(4) 374.20(3) 370.91(3)
z 4 4 4
density (calcd) (g cm?) 5.761 5.936 6.048
abs coeff (mm?) 16.602 18.608 19.636
F(000) 584 592 596
cryst size (mm) 0.0& 0.02x 0.02 0.08x 0.04x 0.02 0.08x 0.03x 0.02
Omax (deg) 32.55 32.57 32.54
reflns collected 4344 4041 3117
independent reflns 781 765 758
[Rint = 0.0357] Rint = 0.0278] Rint = 0.0344]
goodness-of-fit orfF2 1.100 1.086 1.076
Rindices (all data) R* 0.0324 R1=0.0165 R1=0.0291
wR2 = 0.0697 wR2= 0.0383 wR2= 0.0566

largest diffraction peak
and hole (e A3)

4.261 and-1.892

0.978 and-1.180

1.884 and-1.686

empirical formula

SmKPdQ EuKPdQ GdKPdQ
fw (g mol™Y) 343.85 345.46 350.75
space group C2/m Q/m Q2/m
unit-cell dimens
a(A) 13.1015(7) 13.0582(5) 13.0212(2)
b (A) 3.9281(2) 3.9198(2) 3.9096(2)
c(A) 7.3400(4) 7.3298(3) 7.3209(4)
B (deg) 104.684(2) 104.5620(10) 104.427(2)
V (A3 365.41(3) 363.13(3) 360.94(3)
z 4 4 4
density (calcd) (g cm?) 6.250 6.319 6.455
abs coeff (mm?) 21.792 23.030 24.168
F(000) 604 608 612
cryst size (mm) 0.0% 0.03x 0.02 0.10x 0.04 x 0.02 0.06x 0.02x 0.01
Omax (deg) 35.52 32.57 31.05
reflns collected 3420 4069 2986
independent reflns 744 743 650
[Rint = 0.0597] Rint = 0.0303] Rint = 0.0363]
goodness-of-fit orfF2 1.020 1.148 1.052
Rindices (all data) R* 0.0428 R1=0.0248 R1=0.240
wWR2=0.0697 wR2= 0.0607 wR2 = 0.0501

largest diffraction peak
and hole (e A3)

3.159 and—2.252

data frame integration was performed with SAIN° The reported

1.958 and-2.974

with anisotropic displacement parameters. Refinement of the metal

1.166 and-1.409

unit-cell parameters for each were determined by least-squaressite occupancies showed no deviation from unity occupancy in any

refinement of all reflections with > 8o(l) from each data set.

case, with the exception of PrK(gwuPd s¢Os. For this compound,

Absorption corrections based on the multiple measurement of refinement of the Pd site occupation factor (sof) yielded sof(Pd1)

equivalent reflections were applied to each dataset SADABSP
Direct methods structure solution, difference Fourier calculations,
and full-matrix least-squares refinement agaffsivere performed

with SHELXTL3?

LnKPdG; (Ln = La, Nd, Pr, Sm-Gd) and PrK(Cul14Pth g9 O3
are isostructural and crystallize in the space gr@@@m as

= 0.955(3). This was ascribed to substitution of Cu onto the Pd
site, since Cu was present in the synthesis and the elemental analysis
(EDS) indicated the presence of Cu in a 1/4.5 ratio of Cu/Pd.
Refinement as a mixed Cu/Pd site resulted in occupancies of 0.863-
(8) (Pd1)/0.137(8) (Cul), with the total site occupancy constrained
to sum to 1.0. Atomic coordinates and displacement parameters

determined by the pattern of systematic absences in the intensitywere held equal for the two constituents of the site. Relevant
data and by the successful solution and refinement of the structure.crystallographic information is compiled in Tables-@.

There are six atoms in the asymmetric unit: K1, Lnl, Pd1, and
three oxygen atoms G103. All atoms reside on mirror planes, (
0, z Wyckoff site 4). All atoms in each structure were refined

(30) SADABSyersions 6.45, 2.10; Bruker Analytical X-ray Systems, Inc.:

Madison, WI, 2003.

(31) Sheldrick, G. MSHELXTL version 6.14; Bruker Analytical Systems,
Inc.: Madison, WI, 2000.
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Results and Discussion

Single crystals of LnKPd®(Ln = La, Pr, Nd, Sm-Gd)
and PrK(Cy 14t 85 Os were grown from molten potassium
hydroxide flux reactions. The new materials are structurally
related to the AMO3 (A = Ca, Sr, Ba; M= Cu, Pd}"20-2°
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Table 2. Atomic Coordinates and Equivalent Isotropic Displacement Table 3. Selected Interatomic Distances (A) for LaKPg®rkKPdQ,
Parameters for LaKPdQPrkPdQ, NdKPdG;, SmKPdQ, EuKPdQ, NdKPdQG;, SmKPdQ, EuKPdQ@, and GAdKPd®@
and GdKPdQ@
LaKPdO; PrkPdQ
X Y z il Pd(1)-0(1) 2.062(5) Pd(10(1) 2.065(3)
LaKPdO Pd(1)-0(2) x 2 1.9990(5) Pd(BO(2) x 2 1.9866(3)
La(1) 0.6503(1) 0 0.0827(1) 0.009(1) Pd(1)-0(3) 2.034(4) Pd(H0O(3) 2.028(3)
K(1) 0.3574(1) 0 0.4348(2) 0.012(1) La(1)-0(1) 2.397(5) Pr(1}0(1) 2.339(3)
Pd(1) 0.0061(1) 0 0.7746(1) 0.008(1) La(l-O(1)x 2  2.614(3) Pr(1}0(1) x 2 2.5800(18)
0(1) 0.8345(4) 0 0.1358(7) 0.012(1) La(1)-0(2) 2.461(5) Pr(1-0(2) 2.422(3)
0(2) 0.4941(4) 0 0.2030(7) 0.014(1) La(1)-0(2) 2.492(5) Pr(1)}0(2) 2.455(3)
0o(3) 0.1510(3) 0 0.2862(7) 0.011(1) La(1)-0O(3)x 2  2.501(3) Pr(1}0(3) x 2 2.4631(16)
K(1)—O(1) x 2 2.940(4) K(1}O(1) x 2 2.938(2)
Pr(1) 0.6505(1) PrKoPdQ 0.0810(1) 0.008(1) K(1)-0(2) 2.837(5) K(1)0(2) 2.824(3)
K(D) 0.3575(1) 0 0.4356(1) 0.014(1) E&;‘ggg ggggg Eg;ggg gg%gg
g((’g) g_gggg((zl)) 8 gg;f((i)) 8_'8?17((11)) K(1)-0@3)x 2 2.901(4) K(1}0@)x2  2.911(2)
0(2) 0.4938(2) 0 0.1989(4) 0.013(1)
0(3) 0.1515(2) 0 0.2801(4) 0.010(1) NdKPdGy SmKPdQ
NdKPd Pd(1)-0(1) 2.064(4) Pd(1yO(1) 2.065(6)
Nd(l) 0.6503(1) 0 03 0.0795(1) 0.008(1) Pd(l)—O(Z) x 2 19803(4) Pd(l‘}O(Z) x 2 19730(7)
K(1) 0.3571(1) 0 0.4360(2) 0.014(1) Pd(1)-0(3) 2.021(4) PA(1O(3) 2.023(6)
Pd(1) 0.0066(1) 0 0.7778(1) 0.007(1) Nd(1)-O(1) 2327(4)  Sm(HO(1) 2.293(6)
0@ 0.4937(3) 0 0.1981(6) 0.011(1) Nd(1)-0(2) 2.407(4) Sm(1y0(2) 2.390(7)
0@3) 0.1516(3) 0 0.2788(6) 0.010(1) “353—88 ) g-jg;‘((g)) Sm((;)gg; ) §'2§§§Z§
— X . m X R
sm(1) 0.6504(1) SmléPdQ 0.0782(1) 0.008(1) K(1)—O(1) x 2 2.936(3) K(1O(1) x 2 2.936(5)
m - . - K(1)—0(2) 2.823(4) K(1)-0(2) 2.819(8)
K(1) 0.3568(2) 0 0.4357(3) 0.016(1) K(1)—0(2) 2.900(5) K(130(2) 2.905(7)
Pd(1) 0.0068(1) 0 0.7791(1) 0.008(1) K(1)—-0(3) 2.661(5) K(1>-0(3) 2.636(6)
o(1) 0.8305(5) 0 0.1299(9) 0.011(1) K(1)—O(3) x 2 2.906(3) K(1-O(3) x 2 2.912(5)
0(2) 0.4943(5) 0 0.1960(10) 0.015(1)
0o(3) 0.1525(5) 0 0.2761(9) 0.012(1) EuKPdQ GdKPAG
EuKPdQ
G om0 oomy  ooswy  pabod el banod,  remd
K(1) 0.3565(1) 0 0.4361(2) 0.015(1) Pd(1)-0(3) 2018(4)  Pd(1yO(3) 2.020(4)
Pd(1) 0.0070(1) 0 0.7792(1) 0.008(1) Eu(1)-0(1) 2.285(4)  Gd(HO(1) 2.268(5)
o) 0.8305(3) 0 0.1310(6) 0.012(1) Eu(1}O(1)x2  2535@3)  Gd(1}O(1)x2  2.528(3)
0(2) 0.4938(3) 0 0.1946(6) 0.014(1) Eu(1)-0(2) 2.373(a) Gd(1}0(2) 2.362(5)
o@d) 0.1523(3) 0 0.2740(6) 0.012(1) Eu(1)-0(2) 24104)  GA(HO(Q) 2.400(5)
GdKPdQ, Eu(1)-0(3) x 2 2.429(2) Gd(10O(3) x 2 2.421(3)
Gd(1) 0.6502(1) 0 0.0763(1) 0.009(1) K(1)—O(1) x 2 2.929(3) K(1)-O(1) x 2 2.929(4)
K(1) 0.3564(1) 0 0.4371(2) 0.015(1) K(1)—-0(2) 2.818(4) K(1)-0(2) 2.822(5)
Pd(1) 0.0700(1) 0 0.7792(1) 0.008(1) K(1)—-0(2) 2.913(4) K(1)-0(2) 2.913(6)
0o(1) 0.8295(4) 0 0.1309(7) 0.013(1) K(1)—0(3) 2.632(4) K(1)-0(3) 2.624(5)
0(2) 0.4938(4) 0 0.1937(8) 0.013(1) K(1)—0(3) x 2 2.914(3) K(1)}-O(3) x 2 2.913(4)
0(3) 0.1528(3) 0 0.2725(7) 0.010(1)
. . ) Table 4. Crystallographic Data and Structural Refinement for
8Ueqis defined as one-third of the trace of the orthogonalidgdensor. PrK(Clb.1a1Pth 861) O3
empirical j?rmula Pri(Cul141Ph.g6(1)03
alkaline-earth metal palladates and cuprates, and the crystal Qgégggorloui) gzz?nf 2
structure of LnKPd@is shown in Figure 2. The structure unit-cell dimens
contains ordered slabs of #hand K in a seven-coordinate E‘Eég é%-igé(zg )
environment and Pd atoms in a square-planar coordination c(A) 7j3773(4)
environment. In each slab, there are six Ln@ KO.-capped f (deg) 105.122(2)
trigonal prisms, with four centrally located and one located \Z/(A3) 272-66(3)
at each edge of the unit cell along thdirection of the slab. density (calcd) (g crm) 5.855
The four centrally located Ln® or KOs-capped trigonal abs coeff (mm?) 18.806
prisms edge-share with each other and corner-share with the Er(osotos)ize () 5(?3& 003 0.02
apical oxygen of the cap of the additional Lpr KO;- Hrz;x(deg) 3256 '
capped trigonal prisms near the edge of the cell alongthe refins collected 3899
direction. The LnG- and KO-capped trigonal prisms further L]”gfé’rfggse_glf_;ﬁﬂor‘;z L ggfﬁ“ =0.0384]
connect via the sharing of one triangular face alongzhe Rindices (all data) RE 0.0306, WR2= 0.0682
direction to form infinite chains of Ln@-KO;—LnO; largest diffraction peak 2.044 and-1.661

polyhedra. Figure 3 shows a comparison of the chains and hole (e A9)

running along thez direction for both the (a) LnKPd© from ideal in that the square planes are made up of two
structure and the (b) BRAG; structure. The square-planar equivalent and two nonequivalentP@ bond lengths (Table
coordination environment of the Pd atoms is slightly distorted 3). The PdQ square planes are situated perpendicular to the
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Table 6. Selected Interatomic Distances (A) for

Prk(Cub.141Ph.86(1)Os3

Cu(1)/Pd(1)-O(1) 2.054(5)

Cu(1)/Pd(1}-0(2) x 2 1.9809(4)

Cu(1)/Pd(1)-0(3) 2.023(5)
Pr(1)-0(1) 2.347(5)
Pr(1-0O(1) x 2 2.570(3)
Pr(1-0(2) 2.426(5)
Pr(1-0(2) 2.460(5)
Pr(1)-0(3) x 2 2.463(3)
K(1)—O(1) x 2 2.938(3)
K(1)-0(2) 2.814(5)
K(1)-0(2) 2.890(5)
K(1)-0(3) 2.670(5)
K(1)—O(3) x 2 2.900(4)

However, because the Enhcation and the K cation are of
unequal size, the Pd atoms along #tdhrection are unevenly
spaced. The PdPd distances vary as a function of the size
of the lanthanide and, as the size of the lanthanide decreases,

Figure 2. Structural representation of LnKPg@ith LnO;-capped trigonal .
prisms shown In teal, Kcapped trigonal prisms shown in orange, and the distance between the Pd atoms decreases as well. Thus,

PdQ, square planes shown in black. O atoms are represented as red sphere$he decrease in the lattice parameters (Table 1) is controlled
solely by the size of the lanthanide cation.

LnKPdG; (Ln = La, Pr, Nd, Sm-Gd) and PrK(Cuis
Pdh g9 O3 differ from the AMO; (A = Sr, Ba) phasé$2>27
in that, in place of two St or B&" cations, an ordered, 1:1

Table 5. Atomic Coordinates and Equivalent Isotropic Displacement
Parameters for Prk(Guaa P th.ss(1)Os

X z U . .

4 - arrangement of L¥T and K" cations is observed. The overall
Pr(1) 0.6505(1) 0 0.0810(1) 0.009(1) . . : o
K(1) 0.3572(1) 0 0.4356(2) 0.016(1) charge on the A site remainst4but is maintained by one
Cu(1)/Pd(1) 0.0067(1) 0 0.7782(1) 0.008(1) Ln®" atom and one Katom. The general formula AMO3,
o(1) 0.8329(4) 0 0.1323(86) 0.012(1) i i inati
o) 0.4936(4) 0 0.2003(7) 0.014(1) where A gnd Aare Mo divalent cations or the comb|nat|on

of one trivalent cation and one monovalent cation, can be

0(3) 0.1512(4) 0 0.2808(7) 0.012(1) @ : one _
utilized to describe the stoichiometry. As a result of this

ordered cation substitution, the parameter effectively
doubles, a reduction in symmetry is observed, and the space
z direction and occupy the space created in the middle of group changes from orthorhombitmimn) to monoclinic

four of the LnG- and KO-capped trigonal prisms. The (C2/m). The reduction in symmetry and ordering can be
complex connectivity of the capped trigonal prisms leads to attributed to the significant size and charge difference of the
an evenly spaced distribution of Pgi€quare planes along Ln3* and K" cations, where the L3 cation (1.06-1.00 A)

the x andy directions, with the distance between Pd atoms is much smaller than K (1.46 AP2 and most likely the
equal to thea and b lattice parameters, respectively. dominant force of cation ordering.

@ Ugqis defined as one-third of the trace of the orthogonaligdgdensor.

Figure 3. (&) Face-shared chains along théirection of LnG—KO7—LnO7-capped trigonal prisms. (b) For comparison, BaBaO; face-shared-capped
trigonal prisms of the structurally related phasemBiO;.
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Figure 4. Cartoon displaying the decrease in cell volume in thBdOs-type structures as one Ehcation and one K cation are substituted for two Ba
cations, leading ultimately to §2dQ;, situated slightly above the apparent limit of stability. On the basis of cell volume, phases that have been synthesized
are indicated by a stary() and phases that have not been synthesized and should not form are indicated by a “no sgbol” (

When analyzing the structural relationship between thie A  Table 7. Cell Volumes of the APdQs-type Oxides

PdG; (A = Sr, Ba}”??"and the LnKPd®@ (Ln = La, Pr, composition cell volume (A
Nd, Sm—Gd) compositions, we can consider the existence BaPdO; 417.4702)
of a structure stability limit based on the size of the A cations. LaKPdQy 383.26(4)
The BaPdQ; phase roughly represents the upper limit of PrkPdQ 374.20(3)
stability, since Ba is the largest alkaline-earth metal, apd Sr g'g]ﬁ%% %gf&g;
PdG; roughly represents the lower limit, since thePAG;- EuKPdQ 363.13(3)
type structure does not form for &a for which the cubic GdKPdQy 360.94(3)

CaPd0O, phase is observe1’:?>The ionic radii of B&" SrPdCy 359.96(1)
aThe cell volumes for B&#dG; and SsPdQ; were estimated by assuming

" . . . . .
and Sf” cations in a seven-coordinate environment are 1.38 that these phases could crystallize in the monoclinic LnKPst@icture.

and 1.21 A, respectively; therefore, the range of the average ] ) .
ionic radii on the A site of the LnKPdO(1.26-1.23 A) parameters if we double tligparameter in the orthorhombic

phases ideally falls between 1.38 and 1.282An the  Cell. The estimated cell volumes otRdC; (A = Sr, Ba) in
LnKPdO; phases, the two divalent A cations have been C2/m and the cell volumes of the ARdQ; phases as
replaced by one trivalent A cation and one monovalent A determined crystallographically are shown in Table 7. Unlike
cation, giving the general formula ARdQs. The primary  the Lm—NawdrO, (Ln = Gd—Er, Y) structure, where a

structural difference between the,dQ; and AAPAQ relatively constant cell volume is maintained by adjusting
structures is the effective doubling of thearameter; thus the sodium content to counter the effect that the size of the

we can roughly estimate the cell volume ofR&IO; (A = smaller lanthanide cations has on the structure, the LnKPdO
Sr, Ba) in the monoclinic ABPdQ; structure from the lattice ~ Structure appears to accommodate a range of cell volumes
while maintaining a 1:1 order of the Ehand K" cations.

(32) Shannon, R. DActa Crystallogr., Sect. A976 32, 751. The cartoon in Figure 4 offers a visual representation of the
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change in cell volume as a result of the decrease in the A and thus only a small percentage of copper was substituted

and A-cation size, where the limit of stability for RdQGs-
type compounds appears to exist just slightly beloyP80;.

into the Prk(Cy 18P dh 5903 structure.

As a consequence of this structural limitation, the analogous Conclusion

LNKPdG; (Ln = Th—Lu) and LnNaPd®@ (Ln = La—Lu)

Single crystals of a new series of ordered, rare-earth

should not be stable because the cell volume in thesepg|ladates, LnKPd@Q(Ln = La, Pr, Nd, Sm-Gd), and a

compounds falls below the apparent limit. Interestingly, if
one substitutes a smaller lanthanide {Tlu) in place of a
larger lanthanide (LaGd) while simultaneously substituting
sodium for potassium, the structural analogues to Lub@agd
LnNaPdOg (Ln = Th—Yb, Y) (Figure 4, bottom left), phases
result®33 However, replacing the sodium by potassium in
anticipation of synthesizing the analogous Lnk®g (Ln

copper-substituted palladate, Prk@GiPd 59 Os, have been
synthesized from potassium hydroxide fluxes. The materials
are all isostructural and contain ordered slabs of {-rebd
KO7-capped trigonal prisms and isolated R&dQuare planes.
Work is currently underway to further explore the synthesis
of novel palladates and examine structural relationships that
may exist within this regime.

= Tb—Lu, Y) phases is apparently unsuccessful because the . _
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