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The synthesis of all the rare earth diantimonides with 
the exception of EuSbs and LuSbz has been reported 
previously. Diantimonides from LaSbs to SmSbz can 
be prepared by conventional methods2 while those from 
GdSba to TmSbs require high-pressure techniques. a 

In previous work we investigated all of the rare 
earth-antimony systems at a mixture ratio of 1 mol of 
rare earth:2 mol of antimony at pressures up to 70 
kbars3 Since then the Yb + 2Sb and Lu + 2Sb 
systems have been investigated at higher pressures. 
No phases other than the ZrSis structure of YbSbz4 
were found in the Yb + 2% system up to 90 kbars and 
1500O. In the Lu + 2Sb system, LuSb2 of the high- 
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pressure orthorhombic type found in GdSb, through 
TmSbz was synthesized a t  73 kbars and 10iNo. No 
other phases were found up to 90 kbars and 1500". 

Experimental Section 
Experimental procedure and sample geometry were essentially 

the same as has already been described elsewhere3 except that a 
tetrahedral press with 0.5-in. anvils was used to  obtain pressuies 
above 70 kbars.6sg Pressures above 70 kbars were calibrated by 
taking the Bi(III)-Bi(IV) transition pressure to be 77 kbars. 

A Debye-Scherrer powder diffraction pattern was taken using 
a 143-mm camera with copper X-ray tube and nickel filter. 
The d values were calculated using X(Ka)  1.5418 and X ( K ~ I )  
1.54050. 

Results 
The high-pressure orthorhombic form of LuSb2 was 

made from the elements a t  73 kbars and 1 0 0 0 O  or at 
higher pressures and temperatures. A Debye-Scherrer 
powder diffraction pattern for LuSbz is given in Table 1. 
This powder pattcrn indexed to an orthorhombic 
structure with lat+.ice ccnstants of a = 5.935 =t 0.006, 
b = 3.244 f 0.054, and ; = 7.585 * 0.009 -4. 

Using data from this vrork and the previous investiga- 
tion3 a graph of the vaiiation of minimum pressure of 
formation for the high- yessure orthorhombic form of 
the rare earth diantimclnides of GdSbs to Lushz as a 
function of ionic radiw7 is shown in Figure 1. It is 
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Figure 1.-Minimum pressure required for synthesis of high- 
pressure orthorhombic type rare earth diantimonides. 

seen that GdSbn, TbSbn, and DySbn all require about 
the same pressure for synthesis but the heavier rare 
earths require somewhat higher pressures. 

( 5 )  H. T. Hall, Reg. Sci. Ins t i , . ,  29, 267 (19.58). 
( 6 )  H. T. Hall, ib id . ,  33, 1278 (1962). 
(7 )  I). H. Templeton and C. H. Daubeu, J .  Am. Chem. Soc., 76, 3237 

(1964). 
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According to Gschneidner and Vallettas if the pressure 
required for synthesis increases with the atomic number 
of the rare earth, there must be 4f-electron participation 
in the chemical bonding. If i t  decreases with increasing 
atomic number, there is no 4f bonding and crystal 
structure is determined by size effects only. It appears 
that in this system both the size effect and 4f bonding 
are important for GdSbl, TbSbz, and DySba, but 4f 
bonding becomes increasingly important for the heavier 
rare earths. 

The diantimonide of yttrium required about 10 
kbars higher pressure for synthesis than would be 
predicted by its ionic radius. This same effect has been 
observed in other yttrium  system^.^^^ There are, of 
course, no 4f electrons in yttrium. 
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Previous work has shown that the normal monoclinic 
and rhonibohedral forms of rare earth sesquisulfides 
could be converted to the more dense ThyPd-type cubic 
structure by high-pressure-high-temperature tech- 
niques2 Also, the Th3P4 forms of Ho2Se3 and ErzSe3 
have been synthesized from the elements using high- 
pressure techniques. We have now succeeded in 
preparing Tm2Se3, YbzSe3, Lu2Se3, and YzSe3 in the 
Th3P4-type structure by applying high pressure-high 
temperature to a stoichiometric mixture of the elements. 
Consequently, all the rare earth sesquiselenides except 
EuzSe3 are now known in the Th3P4 structure. 

Experimental Section 
The studies were carried out in a tetrahedral press with 0.5-in. 

anvils equipped with an anvil g ~ i d e . ~ , ~  Sample geometry and 
experimental procedure were the same as described previously.$ 
Pressures above 70 kbars were calibrated by taking the Bi(II1)- 
Bi(1V) transition pressure to be 77 kbars. 

Results and Discussion 
The Th3Pd-type polymorphs of Y2Se3, Tm2Se3, 

YbzSes, and LuzSes have been synthesized from stoichio- 
metric mixtures of the elements using the conditions 

(1) California State Polytechnic College, San Luis Obispo, Calif. 
(2) N. L. Eatough, A. W. Webb, and H. T. Hall, Inorg. Chem., 8, 2069 

(1969). 
(3) H. T. Hall, Rea. Sci. Insty., 29, 267 (1358). 
(4) H. T. Hall, ibid., SS, 1278 (1962). 

TABLE I 
CUBIC RARE EARTH SESQUISELENIDES 

Pressure, Temp, Lattice param- 
kbars O C  eter, d 

YzSe3 70 1800 8.6626 i 0.0008 
TmpSeB 70 1800 8.5992 & 0.0007 
Yb8es  80 1800 8.615 =Lc 0 002 
LuzSea 90 1800 8.570 i 0.003 

indicated in Table I. No extraneous lines were ob- 
served in the X-ray diffraction patterns of the products, 
showing that the polymorphs were single phase. For 
runs a t  temperatures or pressures less than those given 
in Table I the diselenide was obtained as the major 
product. 

Guittard, et ~ l . , ~  found the sesquiselenide series froin 
GdzSe3 to DyzSe3 to be nonstoichiometric with a 
selenium deficiency. I t  is quite possible that the cubic 
polymorphs made in this work are also nonstoichio- 
metric; however, facilities were not available to handle 
the small samples prepared so no chemical analysis of 
the compounds formed was made. 

Lattice parameters of the new cubic sesquiselenides 
are compared with previously known compounds of this 
type in Figure 1.2p6 It can be seen that Y2Se3 fits well 

0 F lahou t ,  e t  a l .  ( 6  ) 

0 Eatough,  W e b b , a n d  Hall (2 )  
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Figure 1.-Variation of lattice parameter with ionic radius of the 
ThsP*-type rare earth sesquiselenides. 

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

( 5 )  M. Guittard. A. Benacerraf, and J. Flahaut, Ann .  Chim., 9, 25 (1964). 
( 6 )  J. Plahaut, P. Laruelle, hII. P. Pardo, and XII .  Guittard, Bull SOC. 

Chim. France, 1399 (1365). 


