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Th3I'.-type polymorphs of the sesquisulfides of holmium, erbium, thulium , ytterbium, lutetium, and yttrium were made 
from the normal forms at 77 kbars and 2000°. Holmium and erbium sesquiselenides of the Th3P. type were formed from 
the elements at 68 kbars and 1800°. 

Introduction 

The crystal structures of rare earth sesquisulfides, 
sesquiselenides, and sesquitellurides prepared near 
atmospheric pressure have been systematically in­
vestigated by Flahaut and coworkers.3- 5 A summary 
of the polymorphic forms of the sesquichalcogenides is 
given in Tabl~ 1. This table is similar to one given by 
Flahaut but has been expanded and updated . 

There is a large density difference between the crystal 
form of the light rare earth sesquichalcogenides and 
the modification found in the heavy rare earth com­
pounds. This difference is quite evident when the 
theoretical densities are plotted against ionic radius of 
the rare earth elements6 as in Figure 1. Extrapolation 

(1) This research was s upported by the National Science Foundation and 
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(3) M. Picon. L. Domange. J . Flahaut. M. G uitlard. a nd M. Patrie. 

Bull. Soc. Chi",. Fra>!c; , II, 221 (1960). 
(4) J. Flahaut, P. l.aruelle, M. P. Pardo, and M. G uittard. ibid., 1399 

(1965). 
(5) G. Collin and J. Loriers. Compl. Rem/ .• 260, 5043 (1965). 
(6) D . H. Templeton a nd C . H. Dauben J . Am. Chem. Soc., 76, 5237 

( 1954). 

of the densities of the light rare earth compounds sug­
gests that the heavy rare earth chalcogenides might be 
converted to the crystal form of the lighter compounds 
by high pressure. This has been found to be true for 
the sesquioxides by Hoekstra7 and Sawyer, Hyde, and 
EyringS and has been accomplished in this work for six 
sesquisulfides and two sesquiselenides. 

Theoretical densities of the sesquiselenides and 
sesquitellurides are shown in Figure 2. They indicate 
that a transformation from the SC2S3 type to either the 
Th3P4 type or the U2S3 type might also be made for the 
heavy rare earth sesquiselenides and sesquitellurides. 

Experimental Section 
The studi!!s on the rare earth sesquisulfides were carried out in 

a tie-bar type of cubic anvil press equipped with an anvil guide 
for synclironizing anvil motion . 9 The square faces of the tungsten 
carbide anvils were 9.9 111m on each edge. Cubes mad e of pyro­
phyllite were used to hold the sample and form the compressible 
gasket. The cubes had 1:U)-JlJIll edges and a 4.0-111111 sample hole. 

(7) H. R. Hoekstra, [norg. Chew., 6, 754 (1966). 
(8) J. O. Sawyer, B. G. Hyde. and L. Eyring. ibid .• 4 ,426 (1965). 
(9) H . T. Hall , Rev. Sci. I1Is/r., 33, 1278 (1962). 
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Figure I. - Theoretical densi ties of rare earth sesquisulfides as a 
function of ionic radius. 

Two steel rings, of 7.g5-mm o.d., 5.8-mm i.d., and ~ .8-mm 
thickness, served as electrical connectors between the graphite 
heater, the current disks, and the anvils. The molybdenum 
current disks were of 7.95-mm diameter and O.125-mm thickness. 
The sample was heated by electrical resistance using a gra phite 
t1,lbe of 4 .0-mm o.d., 2.9-mm i.d., and 5.6-inm length with two 
end caps 0.75 mm thick and 4.0 mm in diameter. A boron nitride 
liner fit inside the graphite heater and was made of a tube of 
:!.9-mm o.d., 1.9 mm i.d ., and 4.1-mm length with two end caps 
:2 .9 mm in dia meter and 0.75 mm thick. The sample was tamped 
by hand into the BN liner. 

Studies on the rare earth sesquiselenides were carried out in a 
tie-bar type of tetrahedral anvil press with anvil guide. 9 The 
triangular faces of the tungsten carbide anvils were 19 mm on an 
edge. Pyrophyllite t etrahedrons with :!4-mm edges were used 
as sample containers. As with the cubic sam ples a B N liner inside 
the graphite hea t er was used to isola te the sample. 

The monoclinic forms of Dy,S" Ho,S" Er,S" Tm,S3, and V,s, 
and rhombohedral Vb-lS, and Lu,S3 were obtained from K & K 
Laboratories. Indicated purity was 95- 99 % . 

A stoichiometric mixture of the elemen ts was used for the 
sesquiselenide studies. The selenium was 99.5% pure powder 
from Fisher Scientific Co. E rbium and holmium of 99.5% purity 
were obtained from the R esearch Chemicals Division of Nuclear 
Corp. of America. The metals were obtained in ingot form and 
filed and sieved to -100 mesh before mixing with powdered 
selenium. 

The cubes were assembled a nd painted with a slurry of rouge 
in methanol, dried at 110° for 1 hr, and allowed to cool in a 
desicca tor ; then the sample was packed in the BN liner with a 
lIIeta l talllP. The cOlllpleted salllple was COlli pressed to pressurc, 
heated to t elllpt'ruture within abuut 15 sec, anti held there for 3 
lIIin. Power for heati ng' was supplied frolll (iO-eycJt· a lterna tin g­
current. 

The sample was quenched to room temperature in about 7 sec 
by abruptly disconnecting thc clectr ical power and was a llowed 
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Figure 2.-Theoretical densities of rare earth sesquiselenides and 
sesquitellurides as a function of ionic radius. 

t o remain at pressure for 1 min longer . The pressure was th en 
released over about a 30-sec period. The sample was removed 
from the B N tube, crushed between two polished cemented 
tungsten carbide surfaces, and l<Jaded into a 0.5-mm diamet er 
X-ray capillary. A Debye- Scherrer powder diffraction pattern 
was taken using a 143-mm camera with a copper X-ray tube and 
nickel filter . The d values were calculated using h(Ka ) 1.5418 
and h (Kaq) 1.54050 A. 

·Pressure was calibrated as a function of hydraulic ram load 
by use of fi xed-point electrical resistance transitions in Bi a nd Ba . 
The Bi I- II transition was taken as :26.5 kbars, th e Ba I - II 
transition as 54.6 kbars, and the Bi III-V transition as 88 kba rs. 
Temperatlire was estimat ed by comparing the heating power 
input to runs of the same geometry which had been calibrated 
with Pt-Pt- lO% Rh thermocouples. The procedure followed 
with the tetrahedral cells was simila r to that for the cubic. 

Results 
Monoclinic Dy2Sa was completely converted to the 

ThaP4-type cubic form at 70 kbars and 1200°; however, 
monoclinic Ho2Sa and Er2Sa did not undergo this con­
version at 70 kbars and 1700°. Subsequent runs at 
77 kbars and 2000° resulted in complete transition to 
the Th3P4-type cubic structure for Ho2Sa, Er2Sa, 
Tm2Sa, Tb2Sa, Yb2Sa, and Y2Sa in 3 min. Lu2Sa was 
about 50% converted to the cubic form under these 
conditions. 

Ho2Sa of the cubic ThaP4 type was also obtained from 
the elements at pressures above 50 kbars and tempera­
tunc's above 15()()0 . Cubic Yb2Sa was obtained from the 
elements at pressures above :35 kbars and temperatures 
above 1500°. At 7() kbars and 1800°, ThaP4-type Ho2Sea 
and Er2Sea were formed from a stoichiometric mixture 
of the elements. 
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u Recent worksd,!,q have introduced two conflicting sets of English letters for the designation of the sesquichalcogenide structure 
types. Since polymorphism also exists, we have chosen to follow Flahaut in the use of Creek letters to designate uniquely the different 
structural modifications and to indicate also the structure types in the series.. b]. Flahaut, L. Domange, M. Cuittard, and M. P. 
Pardo, Bull. Soc. Chim. France, 326 (1965). c Reference 4. d]. P. Dismukes and ]. G. White, [norg. Chem., 4, 970 (1965). • A. W. 
Sleight and C. T. Prewitt, ibid., 7, 2282 (1968). f C. T. Prewitt and A. W. Sleight, ibid., 7,1090 (1968). ']. G. White, P. N. Yocom, 
and S. Lerner, ibid., 6, 1872 (1967). 

Lattice parameters for the cubic structures are given 
in Table II. About 30 lines were measured from Debye­
Scherrer patterns for each compound except Lu2S3 for 
which 17 lines were measured. 

C\>mpound 

Ho.S, 
Er2S, 
T m2Sa 
Vb2Sa 

TABLE II 

CELL PARAMETERS OF SOME RARE 

EARTH SESQUICHALCOGENIDES 

Cell parameter ± Cell parameter ± 
2cr, A. Compound 2 cr, A. 

8.265 ± 0.001 Lu,S, 8.198 ± 0.005 
8.244 ± 0.001 Y2S, 8.306 ± 0.002 
8.~25 ± 0.002 H02Sea 8614 ± 0.006 
8.224 ± 0.001 Er,Sea 8.581 ± 0.006 

Discussion 

Picon, et al.,3 found cubic Dy2S3 to be nonstoichio­
metric with a sulfur deficiency. Guittard, et ai., 10 

found a similar nonstoichiometry in the sesquiselenide 
series from Gd2Se3 through Dy2Sea. It is therefore 
possible that the cubic polymorphs found by this work 
are also nonstoichiometric. No determination of the 
actual composition by chemical analysis was made. 

The lattice parameters of the new cubic rare earth 
sesquisulfides as shown in Figure 3 form a smooth exten­
sion of the previous work with the exception that the 
lattice parameter for Yb2S3 indicates some Yb2+ 
character. The lattice parameter of Y2S3 indicates that 
yH has an ionic radius of about 0.915 A, compared to 
0.910 A found by Ring and Tecotzkyll and Iandelli. 12 

The synthesis of these new compounds suggests that 

(10) rvr. Guittard. A. Benacerraf, Hnd J. Ftahaut, A llU. Chim. (Paris), 9, 
25 (IV(H). 

(II) :->. A. Hing and M . Tecotzky, II/org. (,11",.. , 3,182 (IV64). 
(12) A. landelli in "Rare Earth Research ," E. V. Kelber, Ed ., The 

IVlacmillan Co., New York , N. Y., 1961, I>P 135--141. 
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Figure 3.-Variation of cell parameters with ionic radius of the 
cubic rare earth sesquisulfides: D, Picon, et at.;3 /:;, Collins and 
Loriers;6 0, present work. 

the ThaP4 forms of the sesquiselenides of Tm, Vb, Lu, 
and Y and the sesquitellurides of Gd, Tb, Dy, Ho, Er, 
Tm, Vb, Lu, and Y can also be made using high-pres­
sure, high-temperature techniques. 
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