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with hard acids (class a metals). Using this theory, it 
would appear that  the cyanide groups in [Co(CN)E- 
NCSeI3- enhance the hard character of cobalt(ll1) by 
the withdrawal of d, electron density into their vacant 
T* orbitals, thereby reinforcing the tendency of the 
cobalt to bond to the hard nitrogen end of the seleno- 
cyanate, while in [Co(CN)&CN the cyanide groups 
convert the cobalt(II1) into a soft metal by strong ~7 

donation of electron density, thereby making the bond 
to the soft sulfur end of the thiocyanate the preferred 
one-conclusions which seem to be mutually exclusive. 

If the r-bonding explanation of Turco and Pecilel’ 
is used to rationalize the bonding in the [M(bipy)- 
(SeCN)g] and [M(bipy)(NCS)2 1 complexes, the con- 

(17) A Tux-co and C Pecile, N a t w e ,  191, 66 (1961). 

clusion reached is that the r-bonding factor is of lesser 
importance in the selenocyanate complexes, whereas, 
by virtue of the parallel behavior of their infrared 
frequencies, T bonding would be expected to be of com- 
parable importance for both. In point of fact, the 
only over-all bonding trend observed is that  observed 
for the selenocyanate complexes which, in all of the 
complexes prepared thus far, exhibit the “normal” 
class a N-bonded, class b Se-bonded bonding pattern. 
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Thermogravimetric, differential thermal, and effluent gas analyses were performed on Bas[Fe( C Z O & ] ~ ’  8Hz0 and Srs[Fe- 
( C n 0 4 ) a ] 2 . 2 H z 0 .  These results were compared with those of the individual oxalates and with a physical mixture having the 
same metallic ratio as the complex oxalates. The stoichiometry of the decomposition was found t o  be highly complex, in- 
volving a t  least four changes in the oxidation state of the iron. At an intermediate stage, a considerable fraction of the 
total iron has the usual oxidation state of +4. 

Introduction 
It was suggested by Derbyshire, et a1.,2 that the cal- 

cination of a coprecipitated barium-iron(1II) oxalate 
produced stoichiometric barium ferrate(1V) (BaFe03). 
By analysis of the X-ray pattern of this material and 
comparison with that of barium titanate, they further 
concluded that  barium ferrate(1V) had a cubic perov- 
skite structure a t  room temperature. Other investi- 
gators have prepared a material approaching this com- 
position by calcining the mixed oxides or carbonates 
and have discussed its properties and possible struc- 
ture. 3-6 The magnetic and electrical properties of 
the analogous strontium compound have been more 
extensively Confirmation of the actual 

(1) Presented a t  the Symposium on the Chemical Reactivity of Solids, 
American Chemical Society, Ann Arbor, Mich., Nov. 12-13, 1964. 

(2) S. W. Derbyshire, A. C. Fraker,  and H. H. Stadelmaier, Acta Cyyst.,  
14, 1293 (1964). 

(3) M. Erchak, I. Frankuchen, and R. Ward, J .  A m .  Chem. Soc., 68, 2085 
(1946). 

(4) W. W.  Malinofsky and T. Kedesdy, ib id . ,  ‘76, 3090 (1954). 
(5) R .  Scholder, H. R. Bunson, F. Kinderwater, and W. Zuss, Z .  unovg. 

(6) H. J. Van Hook, J .  Phys .  Chem., 68, 3786 (1964). 
(7) J. L. Waugh, “Formation of FeC4 in the System SrFeOa-SrTiOa,” 

(8) T. R.  Clevenger, J. A m .  Cevam. Soc., 46, 207 (1963). 
(9) J. B. MacChesney, R. C. Sherwood, J. F. Potter,  and H. J. Williams, 

(10) C. Brisi, Ric. Sci., 24, 1858 (1954). 

allgem. Chem., 282, 268 (1955). 

Massachusetts Insti tute of Technology, Technical Report  152, Aug. 1960. 

to be published. 

existence of iron(1V) has been provided by measure- 
ments of the Mossbauer effect for the strontiumll 
and bariumlZ compounds. All the aforementioned 
studies, with exception of those of MacChesney, et 
d., O, have employed nonstoichiometric material and, 
therefore, possible preparation of the stoichiometric 
compound by simple calcination of the complex oxalate 
has great interest. 

The nature and stoichiometry of the thermal decom- 
position of such an alkaline earth-iron(II1) oxalate is 
likely to be complex because of the probable changes 
in the oxidation state of iron. Iron(II1) oxalate is 
readily photoreduced to iron(I1) oxalate and such a 
reduction might occur during the thermal decom- 
position. The data of Derbyshire2 require iron(1V) at 
‘700” while MacChesneyg has shown that above about 
1000° the iron is predominantly trivalent. In  this work, 
thermogravimetric (t.g.a.), differential thermal (d.t.a.), 
and effluent gas analysis (e.g.a.) were performed on the 
individual barium, strontium, and iron (III) oxalates as 
well as on the coprecipitated barium or strontium tris- 
oxalatoferrates(II1). Similar experiments were per- 

(11) P. K .  Gallagher, J. B. h.IacChesney, and 11. N. E. Buchanan, J .  
Chem. Phys. ,  41, 2429 (1964). 

(12) P.  K. Gallagher, J. B. MacChesney, and U.  S .  E. Buchanan, Paper 
FA11, Xational Meeting of the American Physical Society, New York, 
li, Y . ,  Jan. 28, 1965; to be published. 



966 P. K. GALLAGHER Inorganic Chemistry 

formed on a physical mixture of the appropriate in- 
dividual oxalates having the same composition, except 
for water, as the coprecipitated compound. These 
data are used to elucidate the nature and stoichiometry 
of the thermal decomposition of these materials and to 
evaluate the synthesis of barium or strontium ferrate- 
(IV) by this technique. 

Experimental 
Reagent grade oxalates were used without further purification. 

Triply distilled de-ionized water was used. The alkaline earth- 
iron( 111) oxalate was prepared by dissolving weighed quantities 
of the individual oxalates in a minimum of 0.02 M oxalic acid 
a t  about 80". The solution was allowed to  cool slowly with 
constant stirring. At approximately 55", yellow-green crystals 
began to separate. At room temperature the slurry was filtered 
and washed with acetone. The preparation was performed in 
the dark as much as possible and the product stored in dark 
bottles because the compound has a tendency to darken upon 
exposure to room light. X-Ray fluorescence analysis of borax 
beads indicated the ratio of alkaline earth to iron to be 1.50 * 

The t.g.a. apparatus has been described previously.'& A 
standard heating rate of 100"/hr. was employed. Samples, 
0.1000 g., were arranged in a thin unlform layer which had ex- 
cellent contact with the furnace atmosphere. The d.t.a. fur- 
nace was originally built by P. D .  Garn in the manner of Lodding 
and Hammell.lh The sample holder was a platinum block and 
chromel-alumel thermocouples were used. Dynamic gas at- 
mospheres were employed with a heating rate of 600°/hr. The 
gas stream from the sample side of the d.t.a. apparatus could be 
led to a Fisher-Hamilton gas partitioner for subsequent gas 
analysis. The output from the chromatograph was fed to 
a Perkin-Elmer Model D2 integrator, which printed the intc- 
grated value and time of the peak. The results were simul- 
taneously monitored on a Leeds and Northrup Speedomax H 
h Z k R  recorder. Helium was used as the carrier gas in both the 
chromatograph and furnace. In this manner the gas stream was 
analyzed for nitrogen, oxygen, carbon dioxide, and carbon 
monoxide a t  10-min. intervals. .4 heating rate of 100"/hr. 
was employed for the e.g.a. 

Samples of iron( 111) oxalate and barium and strontium tris- 
oxalatoferrates(II1) were heated a t  a rate of 200"/hr. in air. 
Small samples were removed at 100' intervals up to 1200" and 
cooled rapidly. Separate samples of the barium and strontium 
salts were also heated a t  1000" for 60 hr. and allowed to cool 
slowly with the furnace. X-Ray difractometer tracings of these 
samples were made employing a General Electric Model XRD-3 
and Cr KCX radiation. 

0.02.13 

Results 
For convenience of comparison, the results of the 

t.g.a. are plotted as the differential (d.t.g.a.) in units 
of per cent weight loss per minute. This was obtained 
by calculating the per cent weight loss during 10-min. 
intervals and plotting this against the average tempera- 
ture during that  interval. The results of the d.t.g.a., 
d.t.a., and e.g.a. for the compounds are presented in 
Figures 1-5. Values of per cent weight loss are given 
in Table I for the t.g.a. experiments in oxygen. The 
nitrogen atmosphere did not have a significant effect 

(13) This indicates a formula Ma[Fe(CzOn)a]2. rH10,  which seems reason- 
able on t h e  basis of the known stability of trisoxalatoferrate(II1) ion. This,  
however, is in contradiction to  Dei-byshire, el el.,% who implied equal numbers 
of barium and iron ions in the  precipitate. The  ratio of 1.5 was obtained 
for samples in which the  starting iron to  alkaline ea,-th 1-atio in solution varied 
from 0.6 to  2 .0  and therefore is clearly the  proper value. 

(14) P. K. Gallagher and F. Schrey, J .  A m .  Cerom. Soc. ,  46, 567 (1963). 
(15) W. Lodding and L. Hammell, R m  Sci .  I m l ~ . ,  SO, 885 (1959). 

on the actual values of weight loss ; however, there were 
obvious changes in the temperatures at which some 
reactions oixur. 

The physical mixtures of the individual oxalates did 
not have the same thermal analysis patterns as the 
coprecipitated material. The separate decomposi- 
tions of the iron and alkaline earth oxalates mere clearly 
evident. The weight loss near 800" corresponded to 
the decomposition of three molecules of alkaline earth 
carbonate, indicating that there has been little if any 
formation of iron(IV) prior to this temperature. The 
separate peaks were even more evident in the d.t .a.  
curves. This dissimilar behavior, along with the for- 
mation of the same precipitate over a wide range of 
starting concentrations, indicates that  the precipitate 
is, in fact, a true compound. 

,4s expected, the X-ray results were not particularly 
illuminating since in the regions of greatest interest, 
;.e., regions of change, the particle size was very small 
and the structures were poorly formed. Consequently 
even a semiquantitative estimate of the concentration 
of a component based upon its peak height or area was 
doubtful. As the particle size grew and the structure 
annealed, the intensity could vary greatly without a 
change in concentration. Nevertheless, the X-ray 
data were of qualitative value and indicated that the 
alkaline earth carbonates were present in the 500-900' 
region. The principal peak of the alkaline earth fer- 
rate(IV)4ag appeared from GOO to 700" and gradually 
shifted with increasing temperature to a value associ- 
ated with a predominantly iron(II1) constant.11j12 
At 900" the patterns associated with Sr3Fe207--z1fi and 
Ba3Fe207-,17 predominate. The exact values of the 
X-ray parameters vary with oxygen content but thc 
values obtained from the calcinations at 1000", which 
were allowed to cool slowly, were within experimental 
error of those of Brisil6 for the strontium compound 
and those of Derbyshire, -et a1.,2 which were reported 
for BaFeOs. No patterns were discernible for iron(II1) 
oxalate samples which had been calcined a t  less than 
500". At temperatures greater than this the product 
u7as hematite. 

Discussion 
The data for barium and strontium oxalates, shown 

in Figures 1 and 2, are in good agreement with previous 
investigations. 1*, l9 The stepwise endothermic loss of 
water, carbon monoxide, and carbon dioxide is straight- 
forward in each case. The oxidation of carbon mon- 
oxide to carbon dioxide a t  the surface and in the pores 
and interstices of the powder leads to an exothermic 
peak in oxygen a t  around 400". This is typical of 
oxalate decompositions. The split nature of t h e e  
exothermic peaks may be due to a partial or local 
depletion of oxygen during the decomposition. The 
endothermic phase transition in barium carbonate 

(16) C .  Brisi, Aizn. Chinz. (Rome), 5 1 ,  13% (1961). 
(17) J. B. NIacChesney and J. F. Potter,  to  be published. 
(18) I,. Rrdey, F. Pauli%, G. Suehla, and I< .  Liptay, Z .  a?zaZ. Che f%,  182, 

(19) B. V. Strizhkov, A. V. Lapitskii, and L. G. Vlasov, Zh .  Prikl .  Khim.,  
329 (1961). 

33, 2009 (1960). 
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TABLE I 
RESULTS OF THE T.G.A. EXPERIMENTS IN OXYGEN 

---yo wt .  loss---- Temp. Products" 7 

Compound range, O C .  Solid Gas Obsd.b Calcd. 

BaC204.'/2HzO 100-150 BaC204 '/i"O 3 . 1  3 . 4  
400-525 BaC03 co 12.2 11 .9  
900-1200 BaO con 19.0 18.8 

SrCe04.HzO , 100-175 SrC204 H2O 9.2 9 . 3  
400-500 SrCOa co 14.1 14 .5  
700-950 Sr 0 co2 23.4  22.7 

Fez( Cz04)3.6H20 50-125 Fed C204)3.3H20 3Hz0 8 . 1  11.2 
125- 170 Fez(CnO4)a 3Hz0 11.2 
150-350 2FeCz04 2c02 [57.2] 18.2 
225-350 Fez03 2C02,2CO 26.4  

Bar[Fe( C,O4)a]2.8H20 50-175 Bas [Fe( CzO4)al2 8Hz0 11.1 12.4 
175-300 Bad%( GO& ~ 2c02 7.6 2 . 6  
300-400 3BaCO3, Fez03 2CO2,5CO 18.2 
300-800 BaCOs, 2BaFe02.8 1.4C02, 0 .  RCO 123.81 6 . 1  
750-900 BasFeaO6.6 CO2 [5.51 3 . 8  

>so0 Ba3Fe206 0.302 0 . 5  
10a-li~ Srr[Fe( Cz04)~lz 2H20 3 . 5  3 . 8  
175-350 Sr3Fed C204)~ 2c02 9 . 4  
300-450 3SrCOa, Fen03 2C02, 5CO p2.21 22.6 
500-650 SrC03,2SrFeO~.a 1.4C02, 0.6CO 5 .6  6 . 3  
700-901) SrsFe20e.e coz 4 . 7  

> 800 Sr3Fe206 0 .  $0, r4.91 0 . 5  
a These are based on mechanisms proposed in the Discussion and subject to the limitation described. There is an uptake of oxygen 

The observed values quoted a t  high temperatures are not necessarily for the temperature span 
Values in hrackets are sums for 

involved in the oxidation of iron(I1). 
indicated but only include weight losses to the highest temperature indicated in the appropriate figure. - 
reactions which overlap as indicated in the temperature column. 

I 0.5 I . 

1.00, I 

Figure 1.-Thermal analysis of barium oxalate: (a) d.t.g.a. 
in 02, - - - - in  N2; (b)  d.t.a. - in 0 2 ,  - - - -in He; 

(c) e.g.a. - co2, - - - - co. 
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Figure 2.-Thermal analysis of strontium oxalate: ( a )  d.t.g.a. 
- in 0 2 ,  - - - -  in N2; (b) d.t.a. - in 02, - - - - in 
He; (c) e.g.a. - con, - - - - co. 
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near 800" is well-known and clearly evident; a similar 
but smaller peak occurs in the strontium curve. This 
small peak is closer to the carbonate decomposition, 
and since the weight loss peak appears asymmetric it 
may be associated with the loss of carbon dioxide in 
an unspecified two-step process rather than a phase 
transition. 

Points pertinent to the subsequent discussion are 
the temperature of anhydrous oxalate and carbonate 
decompositions, for comparison with mixed and co- 
precipitated material, and the disproportionation of the 
carbon monoxide. Carbon monoxide is thermody- 
namically unstable in this region of temperature but 
the kinetics of the reaction are normally unfavorable. 
Apparently there is catalytic action by either the 
furnace it-alls or the finely divided carbonate because a 
significant amount of carbon dioxide is evident in the 
effluent gases. Failure to detect the carbon, formed 
by the possible disproportionation, in the t.g.a. experi- 
ments is probably the result of either its rapid oxida- 
tion upon formation or the suppression of the dispro- 
portionation because of the direct oxidation of the 
carbon monoxide. The exclusion of oxygen, to the 
extent necessary to prevent the oxidation, was im- 
possible in the t.g.a. apparatus employed due to the 
hole a t  the top of the furnace tube for the exit of the 
sample suspension \Tire. 

The decomposition of iron(II1) oxalate is more con-  
plex as shown in Figure 3. Much less prior informa- 
tion is available for this compound. Dollimore, et ul . ,  2o 

have performed t.g.a. experiments in air and, although 
the total weight loss, initial temperature of decom- 
position, and end product are compatible with this 
work, the shape of the weight loss curve is markedly 
different. Figure 3 and the weight loss given in Table 
I distinctly show the two-step loss of water with the 
additional loss of a molecule of carbon dioxide simul- 
taneous with or immediately following the last three 
molecules of water. Dollimore, et aZ.,20 indicate a single 
unresolved weight loss. Their use of a much larger 
sample (1.5 g.) may have caused the reduced resolution. 

The proposed scheme of decomposition is indicated 
in Table I. The temperature separation between the loss 
of water and carbon dioxide is based on the results of 
the e.g.a. The formation of iron(I1) oxalate is inferred 
from the separation of the carbon dioxide and monoxide 
peaks near 350". It is also consistent with the multistep 
appearance of the d.t.a. and results presented later for the 
complex oxalates. There is a much more apparent de- 
pendence of the decomposition temperature upon atmos- 
phere. The observed decomposition temperature of 
iron(I1) oxalate is compatible with its immediate de- 
composition upon 2 2  This would further 
complicate any possible resolution. Similar reductions 
have been shown to occur in the decomposition of 

(20) D. Dollimore, D. L. Griffiths, and L). Nicholson, J .  Chtn7. SOC., 2617 
(1963). 

(21) J. Robin, Bull. soc. chim. France, 1078 (1953). 
(22) P. K. Gallagher and F. Schrey, J .  Am.  Cwam. Soc.,  47, 434 (1964). 

3 5 ,  

IO 

Figure 3.-Thermal analysis of iron(II1) oxalate: (a) d.t.g.a. 
in 02, - .- - - iii  ~- in 02, - - - - in K2; (b) d.t .a.  

He; ( e )  e.g.a. -__ CO?, - - - - co. 

europium(Il1) oxalate23 and barium or strontium titanyl 
oxalates.24 

The small weight loss near 450" probably arises from 
the desorption of gas associated with the crystalliza- 
tion of the amorphous iron(II1) oxide. The X-ray 
results indicated such an ordering process in this tem- 
perature range. The exothermic peak which should be 
associated with this process has very likely been as- 
similated with the major decomposition peak at the 
lower temperature. Presumably the lower heating 
rate enables the distinction in the d.t.g.a. curve. 

Figures 4 and 5 present the results of the thermal 
analysis of the strontium and barium trisoxalatofer- 
rates(II1) ~ respectively. The proposed scheme of 
decomposition for both complex oxalates is indicated 
in Table I. The quoted zones of temperature are 
naturally not exact. The comparison of calculated 
and observed weight losses is quite satisfactory in view 
of the overlapping reactions. 

Reactions It-hich lead to the formation of the alka- 
line earth carbonate and iron(II1) oxide are similar 
to those for the individual oxalates but i t  is significant 

(23)  A.  Glassner, E. Levy, and M. Steinberg, J .  Inorg.  A'ucl. Chem.,  25,  

(24) P, K. Gallagher and J. Thomson, Jr., to  be published. 
1416 (1963). 
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Figure 4.-Therrnal analysis of strontium trisoxalatofer- 

(b) d.t.a. rate(II1): ( a )  d.t.g.a. -- in 0 2 ,  - - - - in Nz;  
in Oz, - - - - in He; (c) e.g.a. ~- Cot,  - - - - CO. 

that the major decompositions of the iron(I1) and 
alkaline earth oxalate portions occur simultaneously. 
This decomposition shows as a single peak in all the 
curves. The subsequent step in Table I is the inter- 
esting one in that i t  leads to the formation of iron(1V). 
The conversion to iron(1V) is incomplete and in fact 
only slightly more than one-half of the total iron is 
oxidized to iron(1V). There is a wide range of solu- 
bility of anion vacancies in these corn pound^.^^^^^^^ In 
the formation of iron(1V) the necessary oxygen is ob- 
tained by distorting the ratio of gases in favor of carbon 
monoxide, rather than introducing ambient oxygen, 
because the reaction occurs even in the absence of 
o ~ y g e n , ~ ~ ~ ~  although to a lesser extent. In addition 
the e.g.a. indicates a significant amount of carbon mon- 
oxide in this region. Subsequent loss of oxygen and 
conversion to the alkaline earth ferrate(II1) is slow and 
would take place over a wide range; however, the 
compound reacts with the additional alkaline earth 
carbonate prior to its complete reduction. The heat- 
ing rate is such that  equilibrium is probably not estab- 
lished during this process. The M3Fez07-, compounds 

(25) J. B. MacChesney, J. F Potter, R. C. Sherwood, and H. J. Williams, 
Paper FA10, National Meeting of The American Physical Society, New 
York, N. Y., Jan. 28, 1965; to  be published. 
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Figure 5.-Thermal analysis of barium trisoxalatoferrate( 111) : 

( a )  d.t.g.a. - in 0 2 ,  - - - - in Nq; (b)  d.t.a. - in 02, 
in He;  (c) e.g.a. - co2, - - - - co. _ _ _ -  

continue to lose oxygen as the temperature increases. 
Measurements of the Mhssbauer effect during the de- 
composition of strontium trisoxalatoferrate(II1) clearly 
support the frequent changes in oxidation state pro- 
posed.26 

The results of the X-ray analysis are consistent with 
the proposed mechanisms of decomposition. The 
structure of the oxygen-deficient barium ferrate(1V) is 
h e ~ a g o n a l . ~ ~ ~ ~  12,25 The cubic pattern reported by 
Derbyshire, et al., is associated with a polymorph of Bas- 
Fez07--2.17 Strontium ferrate(1V) is c ~ b i c ~ , ~ ~  and under- 
goes a tetragonal distortion with increasing concentration 
of anion vacanciesg The Sr3Fe207-, compound is tetrag- 
onal. 16, l7 

Conclusions 

Barium and strontium trisoxalatoferrates(II1) are 
readily precipitated from a dilute oxalic acid solution. 
Thermogravimetric, differential thermal, effluent gas, 
and X-ray diffraction analyses were employed to deter- 
mine the nature and stoichiometry of the thermal de- 

(26) P. K .  Gallagher and C. R. Kurkjian, paper presented a t  the 149th 
National Meeting of the American Chemical Society, Detroit, Mich., April 
4-9,1965; to be published. 
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composition of these compounds. Comparisons were 
made with similar analyses of the individual oxalates 
and appropriate physical mixtures thereof. The re- 
sults indicate that the oxidation state of the iron changes 
frequently during the course of the decomposition of 
the complex oxalates and in the region of 700-900” 
the principal oxidation state is iron(1V). The com- 
ponents of the mixtures, however, behave independ- 
ently and do not appear to form significant amounts 

of iron(1V) a t  these temperatures. Unfortunately, 
decomposition of the complex oxalate does not yield 
stoichiometric barium or strontium ferrate(IV), as had 
been previously suggested.2 

Acknowledgments.-The author wishes to express 
his appreciation to hlessrs. F. Schrey and J. Thomson 
for some experimental assistance and to Dr. J. B. Mac- 
Chesney for access to results prior to publication. 
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Rare Earth Sesquiselenides and Sesqui tellurides with the SCaS, Structure 

BY J. P. DISMUKESAND J. G. LTHITE 

Keceiacd J a n u a q  6, 1965 

The sesquiselenides of Sc, Yb, Tm, Ho, and Y and the sesquitellurides of Tm, Ha, Dy, and Y have the Sc2S3 structure which 
is a superstructure of the KaC1 type based on the ordering of cation voids. The tellurides with this structure are stable only 
over a very narrow range of cation/anion radius ratio, centered a t  about 0.414. This suggests that  the tellurides require 
both cation-anion and anion-anion contacts to stabilize the structure. The selenides are stable over a nider range of radius 
ratio, and the relative values of the orthorhombic cell parameters a ,  h ,  and c show appreciable deviation from the ideal values 
2, 4 2 ,  and 3&, respectively, times the NaCl subcell parameter ao. Thus ,  factors other than geometrical considerations 
are important in determining the stability of the selenides, 

Introduction 
The rare earth sesquichalcogenides, Ln2X3$ of the 

elements from La to Gd crystallize principally in a 
defect-type ThsP4 structure,l of which Ce2S3 is a well- 
known example.2 The structures of most of the ses- 
quichalcogenides of the higher atomic number rare 
earth elements, Tb to Lu, are not well characterized, 
however. Single crystal data are almost entirely 
lacking, and even X-ray powder data are not availablc 
for many of these compounds of Tb, Ho, and Tm. Al- 
though unit cell dimensions for some compounds ob- 
tained from X-ray powder data have been r e p ~ r t e d , ~ - ~  
only the structures of Yb2Sy and L U ~ S ~ , ~  both cu-A120s 
type, have been established. 

Very recently, however, Haase, Steinfink, and Weisslfl 
have shown that ErpSes and Er2Te3 have the Sc&- 

(1) K. A. Gschneidner, Jr., “Rare Ear th  Alloys,” D. Van Nostrand Co., 

(2) W. H. Zachariasen, Acta Cvyst., 2 ,  57 (1949). 
(3) M. Picon, L. Domange, J .  Flahaut, M. Guittard, and &I. Pattrie, 
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type structure,’I which is a superstructure of the NaCl 
type based on the ordering of cation voids. In  Sc,Sa 
the ucit cell is orthorhombic with a = 2no, b = &ao, 
and c = 32/%0, where a0 is the SaC1-type subcell 
lattice constant. The axes a, b,  and c are parallel to 
the directions [loo], [Oll], and [Oli], respectively, of 
the subcell. The fact that  Flahaut, et nZ.,s have re- 
ported a face-centered cubic subcell for many of the 
sesquiselenides and sesquitellurides of the higher atomic 
number rare earth elements suggests that the occur- 
rence either of the Sc2Ss structure or of another struc- 
ture having a NaC1-type subcell is widespread in these 
compounds. The sesquisulfides of these rare earth 
elements, however, appear not to have the SczSl struc- 

Therefore, the present investigation is 
limited to the occurrence and range of stability of the 
Sc& structure among the sesquiselenides and sesqui- 
tellurides of the rare earth elements between Gd and Lu, 
which also includes Y and Sc because of their chemical 
similarity. 

Experimental 
Preparation .-Polycrystalline samples of Sc&i and SczTc:$ 

were prepared by the direct reaction in stoichiometric propor- 

(11) J. P.  Dismukes and J. G. White, Ino?g. C h e m . ,  3 ,  1220 (1964). 
(12) We have prepared the sesquisulfides of all the high atomic number 

rare earth elements, TbzSs had the  ThaPa structure with aa = 8.3:13 -4. 
HozSa and TmzSs, da ta  for which have not been published to  oui- knowledge, 
give very complex Bowder patterns and appear t o  be isostructural with Er& 
and Y& However, indexing of these compounds on the basis of the mono- 
clinic unit cell suggested by Picon. el ~ l . , u  has not yet been tested. The  da ta  
for 12u2S3 agree with tha t  published by Flahaut,  et nl.8 Thus none of these 
compounds appears to  have the Sc& structwe. 


