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There has been new interest in using the thio(se1eno)pnictide 
anion as a building block in the preparation of new metal- 
phosphate-like materials (see for example refs 1-6). Indeed, 
explorations of the rich chemistry of the MPS3 layered solids 
has produced some unique selenophosphates such as CuCrP2- 
Se6.7 Very recent advances in the preparation of chalcopnictide 
materials include the early-transition metal chemistry of Tremel 
(K4TbP6S25, KVP2S7, K ~ V ~ P ~ S I ~ ,  K3Ti2P5S18, K2VP2S? 1, the 
supercritical fluid chemistry of Kolis (KCu2AsS3, K C U ~ A S S ~ , ~  

Ag3SbsS14, built from anions such as (Sbl2Se2o),Io (P2Ses2-)," 
(PSe4-PSe2)I2 ), Brockner's synthesis and vibrational analyses 

Hg2P2Se6,l9 T14P2Se6,20 and the first rare-earth thio- 
diphosphate(IV)2' ), and the molten thiophosphate chemistry 
of Kanatzidis (KMPzSe6 (Sb, Bi),22 CS&i4(P&6)5 (Sb, Bi),23 
ABiP2S7 (K, Rb),24 A2MP2Se6 (Mn, Fe), A2M2P2Se6 (Cu, Ag),25 

T13AgSbS4, RbzAgSbS4, Cs3Ag2Sb3S8, C~2Ag3Sb3S7, and Cs2- 

(Pb&Se6,I3 PrPs4, I 4  K2Mn(Fe)P&, I 5 , l 6  CuHgPS4,' TlSnPS4,' 
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and, most recently, &Pb(PSe4)2 and K ~ E u ( P S ~ ~ ) ~ ~ ~ ) .  We have 
also prepared a new copper selenophosphate, K3C~3P3Se9,~' as 
a result of our studies of the trigonal family of thermoelectric 
materials, MBi2Q3, MBi2Q4, M2Bi2Q5, and MBi4Q7 (M = 
tetrelide, Q = Se, Te).28929 We present in this communication 
the synthesis and structural characterization of the first quater- 
nary lanthanoid selenodiphosphate(IV), KLaP2Se6. 

There has been very limited chemistry explored in the area 
of lanthanoid and actinoid chalcophosphates, studies that have 
shown them to be useful luminescent materials.30 Lanthanoid 
chalcogenide and lanthanoid halide chemistries are well-known, 
the solids belonging to the Fe2As and Bi13 structure types, 
respectively.28 The PbFCl structure type of GdPS, a phosphide, 
is related to the LnS2 orthorhombic type, and the M"PS3 
structure type is related to the layered Bi13 type. Given these 
structural relationships, we believed that lanthanoid chalco- 
phosphates with structures of this type or other types could form. 
Evaluating the known lanthanoid chalcophosphates, we found 
LnPS4,'4.30 LnPS,31 S C P S ~ , ~ ~  EU2P2S6,2' T ~ E u P S ~ , ~ ~  and L E U -  
(PSe4)2.26 Indeed, until r e ~ e n t l y , ~ * - ~ ~  there had only been two 
reports of MI1' ternary or quaternary selenodiphosphates(1V): 

and a family of M'M"'(P2Se6) compounds related 
to FePSj.7 Our new ternary M'M"' selenodiphosphate(IV), 
KLaP2Se6, assembles in a unique structure type and is, to our 
knowledge, the first rare-earth selenodiphosphate(1V). 

Yellow plates of KLaP2Se6 were prepared by the molten 
alkali-metal polychalcogenide t e ~ h n i q u e . ~ ~ - ~ ~  A single-crystal 
X-ray structure was d e t e r n ~ i n e d . ~ ~ , ~ ~  The structure resembles 
that of the KBiP2Se6 prepared earlier,22 but the larger coordina- 
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of P (99.999%, Johnson Matthey), and 79.0 mg (1.0 mmol) of Se 
(99.999%, Johnson Matthey) with 39.4 mg (0.100 mmol) of K2Se4 
(prepared from stoichiometric amounts of K and Se in liquid ammonia; 
see ref 38). The reactants were heated in a fused silica ampule, sealed 
under vacuum, to 700 "C for 120 h and cooled to ambient temperature 
at 5 "Ch. Yield: 80% based on La (from X-ray powder diffraction). 
Semiquantitative EDS confirmed the elemental composition. The 
isostructural praseodymium compound was also prepared: KPrP2Se6; 
a = 12.302(3) A, b = 7.735(1) A, c = 11.860(2) A, /3 = 109.28(2)'. 
Yttrium forms a different, orthorhombic haw, KyP2s.e~; u = 6.739- 
(1) A, b = 7.428(1) A, c = 21.608(4) 1. ' 
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Figure 1. Solid state crystal structure of KLaP2Se6 viewed along b 
showing the layered morphology of the structure. Open circles are Se, 
stippled atoms are P, crossed atoms are La, and shaded atoms are K. 

tion sphere of lanthanum creates a more intricate, selenodiphos- 
phate linkage. A view of the layers running along the bc-family 
of crystal planes is shown in Figure 1. The potassium cations 
lie within %coordinate, distorted square antiprisms of selenium 
ions and are not found in the center of the interlayer void, but 
rather they are nestled in holes that penetrate the la ers, with 

holes are slightly elliptical with a diameter of 5.12 A. 
The lanthanum atoms are linked within the layers through 

an intricate selenide network. Each lanthanum atom lies within 
a distorted, bicapped pentagonal bipyramid of nine selenium 
atoms. Each selenium atom in the net belongs to a seleno- 
diphosphate unit. The bonding of the diphosphate unit in this 
structure is truly unique. Figure 2 shows the diphosphate(1V) 
unit in which one diphosphate acts as a cap to one of the 
triangular faces of each of two Lase9 units (Se3, Se4, and Se5; 
Sel,  Se4, and Se6). Sel and Se5 are then poised to interact 
with the interlayer potassium cations and form a bridge to the 
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unique reflections (Rlnt = 0.0737, I 2 2uO used to refine 92 parameters, 
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Figure 2. Environment around the diphosphate(1V) unit (50% prob- 
ability ellipsoids shown). Selected bond distances (A) and angles 
(deg): P1-Sela, 2.183(3); PI-SeSa, 2.158(3); Pl-Se4b, 2.179(3); 
P2-Se2; 2.173(3); P2-Se3b, 2.199(3); P2-Se6b, 2.205(3); Pl-P2, 
2.231(4); Lalb-Sela, 3.1070(12); Lal-Se2,3.1344(12); Lalc-Se3b, 
3.2225(12); Lala-Se3b, 3.2366(11); Lalb-Se4b. 3.3777(12); Lala- 
Se4b, 3.1381(11); Lala-SeSa, 3.3625(12); Lalc-Se6b, 3.1506(12); 
Lalb--Se6b, 3.1898(12); Lala-Se4b-Lalb, 157.81(4); Lalb-Se6b- 
Lalc ,  131.81(4); Sela-Lalb-Se4b, 65.64(3); Se4b-Lalb-Se6b, 
63.92(3); Sela-Lalb-Se6b, 79.41(3). 

next layer, as does Se2, which only forms one other bond to 
another Lase9 unit. The last two selenium atoms (Se3, Se6) of 
the diphosphate form a pz-bridge to a fourth LaSeg unit. The 
type of selenodiphosphate bonding in this structure is unlike 

We have shown that the ubiquitous alkali-metal polyselenide 
melt is useful in preparing new lanthanoid materials. The 
diffuse reflectance spectrum of KLaP2Se6 shows a broad 
absorption near 435 nm, indicative of a moderately wide, indirect 
band gap semiconductor material. We are currently investigat- 
ing other new lanthanoid chalcopnictides prepared by this 
synthetic method4' that may be useful phosphor agents or 
thermoelectric materials. 
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