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1.72 and 2.33 A; the lower limit is typical of those oc- 
curring in MoO4 tetrahedra but it has been reported 
for MoO6 octahedra in the structure of sodium dimol- 
ybdate (Lindquist, 1950a). 

Inter-cation distances (Table 4, Fig. 3a) also show 
wide variation, particularly for the edge-sharing octa- 
hedra. Distances between cations in octahedra which 
share corners either within a chain, e.g. Co(1)-Mo(1), 
Mo(2)-Co(2) or between chains, e.g. Mo(1)-Co(2) and 
Co(1)-Mo(2), are close to those found in the complex 
molybdenum oxides, MO8023 and MO9026 (Magn61i, 
1948), though less than those reported in the complex 
ions (Mo7024) 6- and (Mo8026) 4- (Lindquist, 1950b). 
On the other hand, the cation distances for the edge- 
sharing octahedra show a very wide range of distances. 
Extreme values arise between like cations: e.g. 
Mo(2)-Mo(2)=3.80 ,~ compared with Co(1)-Co(2)= 
3.07 A. Other intercation distances compare favorably 
with those in the complex para- and tetra-molybdate 
ions. 

Why these displacements 0f the cations from the 
centers of their octahedra occur is not known, but a 
study of the magnetic and electrical properties of 
CoMoO4 might possibly provide pertinent information. 
There are very few well-refined complex oxide struc- 
tures reported in the literature, and we believe that the 
displacements found here are probably more common 
than one would suspect on the basis of the classic 
oxide structures, many of which are sorely in need of 
redetermination or refinement. 

It has been reported (Smith, 1962) that nickel mol- 
ybdate is isomorphous with cobalt molybdate and 
simple attempts have been made to synthesize the other 
molybdates of small cations such as Fe, Mg, Mn, and 
Zn. The X-ray powder photographs of these molyb- 
dates all gave exceedingly complex patterns all differ- 
ing from each other. As the valency state of the iron 
and manganese in the starting materials was uncertain, 

the composition of the iron and manganese compounds 
is in doubt. 

However, Young (1964) reports that at ambient pres- 
sures MnMoO4 and MgMoO4 give similar diffraction 
patterns but that ZnMoO4 and FeMoO4 each give 
unique patterns. It is also reported (Young & Schwartz, 
1963) that when the small-cation molybdates are syn- 
thesized at high pressures and temperatures the stable 
structure is of the wolframite type with cell parameters, 
in each case, very close to those of the tungstate ana- 
logues; but after prolonged heating at 600°C reversion 
takes place to their respective structures at ordinary 
pressures. 

The early calculations were made on a DEUCE 
computer, using programs written by Dr Rollett, and 
on an Elliott 803. Thanks are due to Mr D. J. Smith, 
who made the calculations, for his structure-factor pro- 
gram for the Elliott machine. 

We wish to thank the Chairman and Directors of the 
British Petroleum Company Limited for permission 
to publish this paper. 
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Introduction 
In the past not much attention has been paid to the alloy 
formation between scandium, yttrium or rare earth elements 
and tin or lead as second components. AB3 compounds with 

Cu3Au structure type were the only compounds reported 
which have been analyzed structurally. Partial phase dia- 
grams have been reported for La-Pb (Canneri, 1931) and 
Ce-Pb (Vogel & Heumann, 1943) based mostly on metallo- 
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graphic and thermal analysis studies. These two diagrams 
show compounds with the composition (RE)2Pb (RE = rare 
earth element) as the only compound between 50 and 100 
at. Yo RE. However, X-ray studies in related systems demon- 
strated that phases with composition (RE)2X3 occur with 
silicides and germanides of scandium, yttrium and rare 
earth elements (Parthd, 1960; Arbuckle & Parthd, 1962; 
Baenziger & Hegenbarth, 1964) and the formation of homo- 
log stannides and plumbides appeared likely. In view of this 
disagreement between structural studies on silicides and 
germanides and the result of the phase diagram studies of 
lead systems, an X-ray investigation of alloys with compo- 
sition (Sc, Y, La, Ce)5(Sn, Pb)3 seemed to be of interest. 

Sample preparation 

The starting materials used were 99.9~o cerium, 99.9 
lanthanum, 99 Yo scandium, 99.99 % lead and 99.9 % tin. The 
alloy specimens were prepared by arc melting stoichiometric 
mixtures of the metals. On first sight this method might not 
seem appropriate since the melting points, for example, 
of scandium (1539°C) and lead (327°C) are more than 
1000 ° apart; however, the boiling point of the lower melting 
metal (lead 1725 °C, tin 2270°C) was always above the melt- 
ing point of scandium, yttrium or cerium and lanthanum. 
Purgon (purified argon) was used as inert atmosphere during 
the melting process, and a titanium button was melted prior 
to each melt. After remelting every sample twice, some 
specimens were annealed for homogenizing in evacuated 
quarts tubes for 400 hours at 600°C. However, it was found 
that the last step was not really necessary as the samples 
were found to be homogeneous, even with the arc melting 
alone. 

All samples investigated were rapidly attacked by the 
water vapor of the air. Therefore, it was necessary to keep 
the samples in a desiccator. The specimens were ground 
under ligroin which had been dried with metallic sodium. 
For the X-ray diffraction experiments, the ground material 
was put into capillaries and X-rayed while still under dried 
ligroin. When exposed to moist air, the alloy powder reacts 
rapidly with the formation of hydrogen. The hydrolysis 
reaction in the case of LasPb3 is probably as follows: 

LasPb3 + 15H20 --~ 5La(OH)3 + 3Pb +-~÷ H2 

Only diffraction lines of hexagonal La(OH)3 (Roy& McKin- 
stry, 1953) and elementary Pb were observed in the reaction 
product of LasPb3. In the case of YsSn3 and YsPb3, only 
Sn and Pb lines were observed and the hydroxide of Y was 
present in an amorphous form. Interestingly enough, no 
oxide lines of lead or tin could be observed in any of these 
films. 

Structure of ScsPb3 

A powder diffraction pattern of ScsPb3 could be indexed 
with a hexagonal unit cell of: 

a = 8-467 + 0.004, c = 6.158 + 0.003 A. 

The extinctions for hOhl with l = 2n + 1 lead to possible space 
groups P63/mcm (D361,), P~c2 (D~h), P63cm (C3v), P~cl 
(D]~,) and P3cl (C3j. The pattern of ScsPb3 resembles the 
pattern for (Ti, Zr)sPb3 which has been reported to crys- 
tallize with the D88 structure (Nowotny, Auer-Welsbach, 
Bruss & Kohl, 1959). Therefore, in the first trial space 
group P63/mcm (D3h) was chosen and 4Sc atoms were placed 
in position 4(d), 6Sc in 6(gh with x~= 0.25 and 6 Pb in 
6(g)u with xu = 0.61. The calculated intensities agreed rather 

well with the observed intensities which showed that the 
structure of ScsPb3 is of the D88 structure type. However, 
efforts were made to change the adjustable parameters in 
order to improve the agreement. The intensities of a powder 
film were measured and corrected for absorption (Bradley, 
1935). An absorption correction was necessary here, since 
- as described above - capillaries had to be used for the 
powder photograph. The best fit between observed and 
calculated values was obtained for an x~ value of 0.24 + 0.01 
for the Sc atoms in position 6(g)~ and an x ,  value of 
0.606 + 0-002 for the Pb atoms in postisions 6(g)H. Owing 
to the larger scattering power of lead, the parameter value 
of the latter could be determined more accurately than that 
for scandium. Table 1 shows the intensity calculation for 
ScsPb3 with these parameters. 

lsotypic stannides and plumbides 

The powder patterns of ScsSn3, YsSn3, YsPb3, LasPb3, and 
CesPb3 could be indexed with similar hexagonal unit cells. 
The lattice constants, axial ratios and calculated densities 
are given in Table 2. The intensities of the diffraction lines 
of YsSn3, LasPb3 and CesPb3 agreed very well with those 

Table 1. Intensity calculation for ScsPb3 with 
D88 structure (Cr K~ radiation) 

3 2 10 3. sin20 hki/,, dc(A ) I0 . sin 8 ° o Ic Io 

IOTO 7.333 24.4 *) 2.66 *} 
11~0 4.233 73.2 73.8 2.95 2.5 
ZO~O 3. 667 97.6 97.9 I. 81 2 
II'~1 3.488 107.8 107.8 I0.00 I0 
0002 3.079 138.4 138.1 3.94 4 
IoT2 2. 839 162.8 - O. 16 - 
213"0 2.771 170.8 171.2 0.63 0.5  
21~I 2.528 205.4 205.6 7.77 8 
II~2 2.491) 211.6 211.4 4.82 4 
30~0 2.444 319.6 219.3 3.41 3.5 
20~2 2.358 236.0 236.6 2.32 2 .5  
22~0 2.117 292.8 0 .02  - 
21~2 2.060 309.2 - 0 .04  - 
31~0 2. 034 317.2 317.5 I. 14 1 
22~I 2 . 0 0 2  327.4 327.4 1.65 I. 5 
31"41 1.931 351.8 351.5 4.39 4 .5  
30~2 1.914 358.0 358.4 1.36 I 
I|~3 1.847 384.6 384.4 1.76 2 
40~0 I. 833 590.4 - O. 04 - 
22"42 1. 780 431.2 431.9 O. 48 O. 5 
31~2 1.697 455.6 455.8 0.66 0.6 
3~0 I. 682 463.6 463.4 O. 65 O. 6 
21~3 1 . 650 482.2 482.8 2.29 2. 5 
32'51 1.623 498.2  497.8 0.19 0 .2  
41~0 1.600 512.4 0.00 - 
40~2 1. 575 528.8 - O. O0 - 
41~I 1.549 547.0 547.2 0. II 0.2  
0004 1.539 553.6 553.6 0.95 0.8 
10]'4 1. 507 578.0 578.3 O. 11 O. 2 
3~2 1.476 6°2"°l 603.1 1"91l 
22"43 I. 474 604. Z J O. 871 2.5 

50~0 1.467 610.0 610.4 1.65 1.5 

112"4 1.447 626.8~ 628.1 O. 43 "~ 3.5 
31~'3 1 . 4 4 5  628.6J 2.59] 

4192 ,.420 65°" ~8 l 651.4 °'471 
20~4 1 . 4 1 9  651..~ o.41/ 1 
33~0 1.411 658.8 - 0.02 - 
42~0 1. 386 683.2 683.4 1. Ol 1 
33~1 1.376 693.4 693.4 0.83 0 .9  
4~61 I:35~ 717,6 717, Z 3, : '0  3 
21~4 1.346 724.4 725.0 0.22 0 .2  
50~2 1.324 748.4 748.1 4.61 4.5 
51~0 1.317 756.4  756.3 0.23 0 .2  
30~4 1.303 773~ 2.18l 
32~'3 1.301 775. v / 773.6 O.18J  2.5 
51~1 1. 288 791.0 790.8 O. 33 O. 4 
33~2 1. 285 797.2 O. 09 - 
42~2 1 . 2 6 4  821.6 l l. SZ 1 
41~3 1.262 823.8] 822.1 0.13[ 1.5 
2~4 1.245 846.4 - 0.03--  - 
31~4 1.227 870.8 870.8 1.77 2 
60~0 1.222 878.4 0.00 - 
51~2 1.211 894.8 0.17 - -- 
4370 1. 206 902, 8 - O. 18 - 

4371 1.183 937.41 3.561 
l l Z 5  1.183 9 3 8 . 2 J  937.9 2 . 7 o j  8 
4044 1.179 944.0 - 0.14 - -- 
5270 1.174 951.6 951.6 1.84 2 
33~3 1.163 970.2 970. I 2.58 4 

*} not observed 
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Table 2. Lattice constants and theoretical densities o f  D88 phases 

Compound a c c/a 
ScsSn3 8.408 + 0.004 ,~ 6"081 __. 0"003 ,~ 0"7232 + 0"0005 
Sc~Pb3 8-467 + 0"004 6" 158 + 0"003 0"7273 + 0"0005 
YsSn3 8"878 + 0"005 6"516 _ 0"004 0-7339 + 0"0005 
YsPb3 8"971 + 0"004 6"614 + 0'003 0"7373 + 0"0003 
LasPb3 9.528 + 0.005 6.993 + 0.003 0.7339 + 0.0006 
CesPb3 9.473 + 0.004 6.825 + 0.002 0.7204 + 0.0004 

0 
4-65 g.cm-3 
6.45 
5.53 
6.93 
7.32 
7.63 

for ScsGa3 (Schob & Parth6, 1964) and the intensities of 
ScsSn3 and YsPb3 were similar to those of ZrsPb3 (Nowotny 
& Schachner, 1953). All five compounds, therefore, crys- 
tallize with the D88 structure type. The d values and the 
intensities observed with chromium K~ radiation for the 
five compounds are listed in Table 3*. 

Conclusion 

The X-ray study has demonstrated that the published phase 
diagrams for La-Pb and Ce-Pb are not complete, since the 
phases La+Pb3 and Ce+Pb+ do not appear in the diagrams. 
An additional correction is necessary for the diagram Ce-Pb, 
since it was shown recently that a compound Ce3Pb exists 
which crystallizes with a Cu3Au structure (Jeitschko, No- 
wotny & Benesovsky, 1964). Therefore, in the system Ce-Pb 
there occur two compounds with the CuaAu structure, one 
having composition Ce3Pb, the second CePb3. (Zintl & 
Neumayr, 1933). 

The six new compounds reported here increase the num- 
ber of known D88 phases to more than fifty. The available 
results indicate that the D88 structure occurs with transition 
metals of the third to the eighth group as one partner and 
B elements of the third, fourth and fifth group as the second 
component.  The structure can accommodate a very wide 
range of size differences of the participating atoms. The 
size ratio varies from 0.83 for TisPb3 to 1-35 for Y+Si3. A 
more detailed study on the characteristics of the D88 struct- 
ure type and its variations will appear in the near future. 

This study is a contribution from the Laboratory for 
Research on the Structure of Matter, University of Penn- 
sylvania, supported by the Advanced Research Projects 
Agency, Office of the Secretary of Defence. 
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Table 3. d values and observed intensities (Cr K~. radiation) 
for new compounds with D88 structures 

ScsSn3 
KILl d++(+~) I ° 

I 00  7 `'81 • )  
110 4. ` '04 - 
ZOO 1 6 4 0  vvvw 
I I I 5 .459 w 
00`' 1 .040 w 
I0` '  ` ' 8 0 6  - 
ZlO 21.75`' w w  
Z l l  Z S 0 7  mS 
I I Z  ` ' 4 6 4  m 
100 `'.4`'7 m w  
`'OZ 2 3 1 3  
zzo  z .10` '  - 
,11-1 Z 0 4 0  - 
I I 0  Z OZO w 
11`'I 1.986 
)11 1.912, • 
302 1.897 
I I 3 1.8Zb~ 
400 i ,8ZOJ 
Z+1Z 1.1`'9 w 
)12 I .  68`' 
321o 1.671 
Z l )  1.61Z • 
3211 1.611 
410 I . $89  • 
4021 1.562 
411 1.537 - 
004 I.SZO 
104 1 4 8 8  
)2+1 1.464 m 
+1Z) 1.4Sq~ 
SO0 1.4561 
) 1 |  1.43,~ 
114 1.430J m 
412 1 .408 
204 1.403 
$30 1.4101 
420 1.316  w 
331 i .365 w 
421 I .  )4`' 
214 I . ) 3 1  
$02 I . ) 1  I v•  
S l 0  I . ) 0 8  
1~)  1.289'1 
304 1.188j  ~ • 
S I I  1.278 
l l +  I . + l l  - 
422 I . ` '$4  m 
4 1 l  I . + S I  - 
214 I . l i Z  - 
l l 4  i . Z I S  m 
600 1.114 
SI1  1.101 
430 1.191 - 
451 I . I 1 4  • 
I 1 +  1.161 w 
41041 1.161 - 
SIO I .  14t~ w 

¥sSn3 
I~1 d r ( ~ l  l ° 

I 00  7.689 *) 
I 10  4 4 4 1  vvw 
ZOO 1 8 4 5  
I I I 1 .669 vvw 
00`' 5 2 5 8  w 
10+1 ) . 000  w w  
210 Z.906 vw 
`'11 ` ' .654 
I1+1 Z.6`'6 • 
100 ":.561 
`'OZ ~ 4 8 S  v w  
zzo  Z ,Z I9  - 
` ' IZ  Z 169 - 
110 `' IS`' v v w  
ZZI Z I O I  v w  
111 `' 0,17 w 
)0`' Z O I 5  
113 I 951 
400 I 9ZZ 
+1ZZ I 8 )4  w 
]LIZ 1.784 
)ZO I 764 
"13  1.740 • 
!~1 I ? 0 )  
410 1 .678 w 
40`' 1.6SS 
004 I.6219 m 
411 I 6ZS 
104 1 5 9 4  - 

` 'Z)  1.5§i~ 
3+1 '̀ I . $5  m w  

500 I 518 w 
114 1 5 2 9  
)13 1.521 ,+,st, 
2104 I .SO0 • 
412 1.4921 
310 1.410 
420 1.451 
5)1 1.4H11 w 
214  1.421~ 
421 1.4111 m . d  
5021 1.591 • 
510 l . ) l l  
304 I .  515~ 
I l l  I .$6~J  m , 4  
S l l  I .  3S1]~ 
332 1 . 1 4 ~  m . d  
413 I .  5111~ 
4ZZ I .  i ~ J  ~ 
114 i , ) 1 )  - 
314 I . z g s  w 
600  1.181 
i l l  1.211 
450  1 .164  • 
115 1 .250  - 
404 1 . 1 4 )  
431 1.141 ~ 
510 1.131 
1311 1.211 
S l l  1.1101 _ 
4/.5 I .ZOI~  m . I I  

314 1.191 . 
601  1.191~ d 
2 l S  1 .119J • '  
452 I . l ? l  - 

• ) no t  o l N e r v e d  
l n t 4 m l i t J • •  w e r e  not  co lPrec tud  f o r  Idmlorpl to~ 

YsPb3 
Idd dc (~ )  I ° 

I00  7 .769  • )  
I10  4 .485  s~'w 
2100 3.805 • 
I I I  1.711 
00`' ) . ) 0 7  w 
I01 3.041 - 
Z lO `' 937 v w  
`'11 ` ' .684 
I I Z  ` '66 ` '  m l  
)00 Z.590 
`'0`' ~.518 
++0 ~ 156 - 
`'12 Z 1 9 6  • 
110 `'.IS++ v w  
2`'1 '̀. 1"̀ '4 
III Z 049~ 
30`' Z.O)9J ~ ms  
I I )  1.979 
400 I 94Z 
`'`'Z 1 856 m w  
) I ` '  1 804 
)ZO 1 . 78 /  vvw 
211 ) 1.761 m e  
)211 127211 
410 1.696 • 
40`' 1.675 v v ~  
O04 1.654 m w  
411 I +64`' 
104 1.617 
11`') 1.51`'~ 
~ ,~  1.569J m 
SO0 I $54~ 
114 I+554J m 
)131 1.541 
104 I.S211 - 
4121 I . $09  
! ! 0  1.495 
41210 1.461 
I l l  1.458 w 
`'14 1.441 v v ~  
41~i 1 .411  m 
501 1.406  , 
510 1.595~ 
)04 I . ) 9 ~  m •  
) 1 )  I . ) 1 6  
S l l  I . )651. 
)321 I.$621, ~ w 
4 1 )  I . )441  
4ZZ I .  )41~ w 

I 2 4  I . i l l  • 
114 I . I I 2  w 
6041 1.195 
+11 1.11~ 
450 I .~11 . 
I I S  I . ~69  v ~  
404  1.259 • 
431 1.254 m 
S10 1,244  w 
) ) )  1.137 m w  
511 t . z z R  
41)  1 . 12~  • 
)14  1.11`' ~'w 

1.2 
60111S i . l O ~  V e 

411 1.191 - 
610  I .185~, 
414 1 .184/  s 
S l l  I . I 1 9  v ~  
611 1,166 • 

LooI~3 
I~I  d c l A l  I o 

I 00  12151 • |  
110 4 .766  - 
` '00 4 .126  • 
I I I  3 .931 
00`' L 4 ~ 1  v ~  
1051 3,`'19 * 
5110 ) 1`'0 ~ ' ~  
Z l l  ` '+14l  
11`' ` ' .819 ms  
)00 ` ' . ?SI  m •  
`'o`' 2.667 m w  
Z*'O z )8 +' • 
`'1`' J' )`'11 • 
110 `'.`'89 v w  
2`'1 +.`'SS 
311 ` ' .17§~ 
|0+1 `' 16`'J m * , d  
I I I  `'0<1S v w  
40¢ ` ' . 0 6 l  - 
1!1.' 1 .968  w 
3111 1.915 
310 1 .89)  
`'13 1.169 m •  
$+11 1.127 
410 1.801 - 
4102 1.177 
004  1.744~ 
411 1.14  m 
104 I 710 
2`'3 1.668~ 
322 1.6265J m 
SO0 1.650 w 
114 1.641 
313 1.635 m 
204 1.609 • 
411 1,601 
330 1.588  
420 1.S5,9 v'e, 
151 I . S 4 9  
2114 1. S J'J'~. 
421:1 I .SZ~J' m s  

50 /  1.4951 * 

)04 1 4 1  m • . d  
)213 1.4121 
$11 1.45011 
) ) 1  1.446J ~ ~ . d  
41 ! I 41~7 - 
4~21 J . 4~ 4  
2114 1.409 • 
314 1 .189  w 
6O0 I 375 
5111 I 3 6 5  
4 )0  I 3 5 7  . 
I I q I )4`' v v ~  
404  I .  114 
431 I , I 1 ` '  w 
Silo 1.1`'1 
) ) $  I . ) 1 5  
411 I `'98'~ 
5511 1.Z98J ms  
324 1.2184 
60`' I . ` '80  v w  
2115 I . ` '76 ms  
4) ` '  I . ` '64 - 
610  I .ZS8 I 
414 Io+1S4p w.d  
S I )  I . Z S U  
611 I .Z )tl~ 
5`'21 I . ` '36J  w 
Z`'S I .Z06  vw 
504 I .ZO0 
31S 1.191 
440 1.191 
6121 1.184 
700 I . I  7q'~ 
530 I 179J vw 

CesPb3 
hkJ dc(J~) I e 

IO0 0 .Z04 e) 
I 1 0  4 . ~ 3 6  - 
~'00 4 , 1 0 1  - 
111 ) .191 w 
002 3 .411 w 
102 3.1~0 - 
210  3 .100 ~ 
111 2 . 1 2 4  
112 1 , 1 6 9  
)00 Z.735 • 
202 2 .624  w 
&20 2.3168 . 
212 2.29~ - 
) 10  2.215 
Z21 2.211 
111 25158 m 
)02 2.134 - 
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