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:\ccordillg to Cschuciducr aud VallcUas if the pressure 
rcquired for syuthesis incrcases with the atomic IIUlllber 
of the rare earth, there ll1llst be ·If-electron participation 
ill the chemical bOlldillg. If it decreases with increasillg 
atolllic I1llulber, there is 110 4f bOlldillg alld crystal 
structure is detertnilled by size clTects ouly. It appears 
that in this system both the size elTeet and LIf bondillg 
are importa.nt for GdSbz, TbSbz, and DySb?, but 4f 
bonding becomes increasingly important for the heavier 
rare earths. 

The diantillJonide of yllriul1l required about 10 
kbars higher pressure for synthesis than \\"ould be 
predicted by its ionic radius. This same effect has been 
observed in other yttrium systems. ' ,9 There are, of 
course, no 4f electrons in yttriullI, 

Acknowledgment.- Thanks arc extellded tu the 
Arll1y Research OfTice (Durham) for finallcial support 
of this research. 

(8) K . A. Gschneidner, Jr., and R. M. Valletta, A cta M et., 16. 477 (H)GS). 
(9) A. W. Webb, Ph.D. Dissertation, B rig ham Young Uni versity, l\fay 

1960. 

CONTRIDUTION FRO~1 THE D E PARDI E NT OF CIl E~lISTRY, 

BRIGHAM YOUNG Ul'\IVERSITY, PROVO, UTAH 84601 

High-Pressure Th3P4-Type Polymorphs 
of Rare Earth Sesquiseienides 

By NORMAN L. EATOUGH 1 AND H . TRACY HALL 

Received September 3, 1969 

Previous work has sho\\'n that the normal monoclinic 
and rhombohcdral forms of rare earth scsquisulfidcs 
could be converted to the more dense Th3P4-type cubic 
structure by high-pressure-high-temperature tech­
niques. 2 Also, the Th3P 4 forms of H02Sea and ErZSe3 
have been synthesized from the elements using high­
pressure techniques. 2 We have now succeeded in 
preparing TmzSe3, Yb2Se3, Lu2Se3, and YZSe3 in the 
Th3P 4-type structure by applying high pressure- high 
temperature to a stoichiometric mixture of the elements. 
Consequently, all the rare earth sesquiselenides except 
Eu2Se3 are now known in the Th3P. structure. 

Experimental Section 

The studies were carried out ill a tetrahedral press with O.S-in. 
anvils equipped with an anvil guide. I,. Sample geometry and 
experimental procedure were the same as described previously. I 
Pressures above 70 kbars were calibrated by taking the Bi(III)­
Bi(IV) transition pressure to be 77 kbars. 

Results and Discussion 

The ThaP.-type polymorphs of Y2SC3, T1112Se3, 
YbZSe3, and LuzSe3 have been synthcsized from stoichio­
metric mixtures of the elemcnts using the conditions 

(I) California State Polytechnic College, San Luis Obispo, Calif. 
(2) N. L. Eatough, A. W. Webh, and H. ·T. Hall, Illorg. Cil . In., 8, 2069 

(1969). 
(3) H. T. Hall, RC'IJ. Sci. II1 Slr ., 29 , 2G7 (1058). 
(4) H. T. Hall, ibid., 33, 12.8 (1962). 
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CUllIC RARE EARTH S ESQlII SliLli Nll>liS 

PrCSSllrc, Telllp . Lntti c..: C' P l ll";,.tITl -

khars ·C eter, A 

VISe, 70 1800 8 . GG~G ± O. ()()()il 
Tlll,Se, 70 1800 8 . 599~ ± 0 .0007 
Yb,Sc, 80 UlOO 8 .G15 ± O.OO~ 

Lu"Sc, 90 1800 8 . 570 ± O.OQ;3 

indicated in Table I. No extrancous lincs were ob­
served in the X-ray difIraction patterns of thc products, 
showing that the polymorphs \\'ere single phase. For 
runs at temperatures or pressures less than those given 
in Table I the disclenide was obtained as the major 
product. 

Guittard, et at.," found the scsquisclcnide series from 
Gd2Se3 to DyzSe3 to be nonstoichiolll etric with a 
selenium deftciency. It is quite possible tha t thc cubic 
polymorphs made in this work are also Ilonstoichio­
metric; howcver, facilities were not available to handle 
the small samplcs prepared so no chcmical analysis of 
the compounds formed was made. 

Lattice parameters of the new cubic sesquisclenidcs 
are compared with previously knowll compounds of this 
type in Figure l. 2,6 It can be seen that YZSe3 fits 'Nell 
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Figure I.-Variation of lattice parameter with ionic radius of the 
Th,P.-type rare earth scsquiselenides. . 

at an ionic radius of 0.915 A which is the same value as 
previously obtained for the sesquisulfide.2 Ionic radii 
for the other rare earths were taken from Templeton and 

(5) 111. Guittard. A. Bcnaccl'raf, and J. Flahaut, Ann. Chim., 9, 25 (lOG·!). 
(6) J. Flahaut, P. Laruellc, ilL P . Pardo, and 1IL Guittard, Bull S oc. 

Chilll. France, 1399 (IUGa). 
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