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1-72 and 2-33 A; the lower limit is typical of those oc-
curring in MoQ, tetrahedra but it has been reported
for MoOg octahedra in the structure of sodium dimol-
ybdate (Lindquist, 1950q).

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, MogO,; and Mo,O,s (Magnéli,
1948), though less than those reported in the complex
ions (M070,4)6~ and (MogOy)*~ (Lindquist, 19505).
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 A compared with Co(1)-Co(2)=
307 A. Other intercation distances compare favorably
with those in the complex para- and tetra-molybdate
ions.

Why these displacements of the cations from the
centers of their octahedra occur is not known, but a
study of the magnetic and electrical properties of
CoMoO, 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,
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the composition of the iron and manganese compounds
is in doubt.

However, Young (1964) reports that at ambient pres-
sures MnMoO, and MgMoOQ, give similar diffraction
patterns but that ZnMoO, and FeMoO, 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. AB; compounds with

CujAu 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),Pb (RE=rare
earth element) as the only compound between 50 and 100
at. % 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 (Parthé, 1960; Arbuckle & Parthé, 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)s(Sn, Pb); seemed to be of interest.

Sample preparation

The starting materials used were 99-9 9% cerium, 99-9 %;
lanthanum, 99 % 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 LasPbs is probably as follows:

LasPb;+ 15H,0 — SLa(OH);+3Pb+4: H»

Only diffraction lines of hexagonal La(OH); (Roy& McKin-
stry, 1953) and elementary Pb were observed in the reaction
product of LasPbs. In the case of YsSni and YsPbs, 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 ScsPb;

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

a=8467+0004, c=6158+0003A.

The extinctions for 404! with /=2n+ 1 lead to possible space
groups P6s/mem (D), P6c2 (D3,), P6sem (C3,), P3cl
(D4,) and P3cl (C3,). The pattern of ScsPb; resembles the
pattern for (Ti, Zr)sPb; which has been reported to crys-
tallize with the D8;s structure (Nowotny, Auer-Welsbach,
Bruss & Kohl, 1959). Therefore, in the first trial space
group P6;3/mem (D3,) was chosen and 4Sc atoms were placed
in position 4(d), 6Sc in 6(g) with x1=0-25 and 6 Pb in
6(g)u with x11=0-61. The calculated intensities agreed rather
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well with the observed intensities which showed that the
structure of ScsPb; is of the D8g 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 x1 value of 0-24 £+ 0-01
for the Sc atoms in position 6(g)1 and an xn value of
0:606 + 0-002 for the Pb atoms in postisions 6(g)i1. 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
ScsPb; with these parameters.

Isotypic stannides and plumbides

The powder patterns of ScsSns, YsSnj, YsPb;, LasPb;, and
CesPb; 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 YsSns, LasPb; and CesPb; agreed very well with those

Table 1. Intensity calculation for ScsPbs with
D8s structure (Cr Ko radiation)

o

. 3.2 3 .2
hkil a (k) 107 sing 100 sinTe 1 1

1010 7.333 24,4 *) 2.66 *)
1120 4,233 73,2 73.8 2,95 2.5
2020 3,667 97.6 97.9 1.81 2
121 3.488 107.8 107.8 10.00 10
0002  3.079 138.4 138.1 3.94 4
1012 2,839 162.8 - 0.16 -
2130 2.771 170.8 171.2 0.63 0.5
2131 2,528 205.4 205.6 .77 8
1122 2,499 211.6 211.4 4.82 4
3030 2.444 219.6 219.3 3.41 3.5
2022 2,358 236.0 236.6 2.32 2.5
2230 2,117 292.8 - 0.02 -
2132 2,060 309.2 - 0.04 -
3130 2.034 317.2 317.5 1.14 1
2231 2,002 327.4 327.4 1.65 L5
3141 1,931 351,8  351.5 4.39 4.5
3032 1.914 358.0 358.4 1.36 1
1123 1.847 384,6 384.4 1.76 2
4040 1.833 390, 4 - 0,04 -
2232 1,780 431.2 431.9 0.48 0.5
3132 1,697 455.6 455.8 0.66 0.6
3250 1.682 4636 463.4 0.65 0.6
2133 1,650 482,2 482.8 2.29 2.5
3251 1.623 498.2 497.8 0.19 0.2
4150 1,600 512.4 - 0,00 -
4032 1.575 528.8 - 0.00 -
4151 1.549 547.0 547.2 0.11 0.2
0004  1.539  553,6  553.6 0.95 0.8
1014 1.507 578.0 578.3 0.11 0.2
3252 1,476 602,0 1.91

2233 1474 eoa2f 603! 0.87} 2.5
5050  1.467  610,0  610.4 1,65 1.5
1124 1.447 626.8 0,43

3143 1.445 628, e} 628.1 2.59 38
4152 1.420 650, 8 0.47

2024 1.419 esn.z} 651.4 0.41} !
3360 1.411 658.8 - 0.02 -
4260 1,386 683,2  683.4 1,01 1
3361 1.376 693, 4 693.4 0,83 0.9
461 10382 MR8 N2 3,20 3
2134 1.346 724.4 725.0 0.22 0.2
5052 1.324 748. 4 748.1 4.61 4.5
5160 1,317 756,4  756.3 0,23 0.2
3034 1.303 773.2 2.18

3253 1.301 775.0} 773.6 0.18} 2.5
5161 1.288 791.0 790.8 0.33 0.4
3362 1.283 797.2 - 0.09 -
4262 1.264  821.6 1,52

4153 1,262  s23.8] 8221 0.13 1.5
2244 1.245 8464 - 0.03 -
3144 1,227 870.8 870.8 1.77 2
6060 1,222 878.4 - 0,00 -
5162 1.211 894.8 - 0,17 -
4370 1,206 902,8 - 0.18 -
4371 1.183 937.4° 3.56

nzs 1183 935.2} 937.9 2.10} 8
4044 1,179 944.0 - 0,14 -
5270 1,174  951.6  951.6 1.84 2
3363 1,163 970.2  970.1 2,58 4

*) not observed
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Table 2. Lattice constants and theoretical densities of D8g phases

Compound a c cla 1]
ScsSns 8-408 + 0-004 A 6-081 +0-003 A 0-7232 4+ 0-0005 4-65 g.cm~3
ScsPb; 8-467 +0-004 6-158 +£0-003 0-7273 + 0-0005 6-45
YsSn; 8-878 +0-005 6-:516+0-004 0-7339 + 0-0005 5-53
YsPb; 8-971 + 0-004 6-614 +0-003 0-7373 +0-0003 6-93
LasPbj 9-528 + 0-005 6-993 +0-003 0-7339 + 0-0006 7:32
CesPb; 9-473 + 0-004 6-825 £ 0-002 0-7204 4- 0-0004 7-63

for ScsGa; (Schob & Parthé, 1964) and the intensities of
ScsSnz and YsPb; were similar to those of ZrsPb; (Nowotny
& Schachner, 1953). All five compounds, therefore, crys-
tallize with the D8g structure type. The d values and the
intensities observed with chromium Ko« 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 LasPb; and CesPb; do not appear in the diagrams.
An additional correction is necessary for the diagram Ce-Pb,
since it was shown recently that a compound CesPb exists
which crystallizes with a CusAu structure (Jeitschko, No-
wotny & Benesovsky, 1964). Therefore, in the system Ce-Pb
there occur two compounds with the CusAu structure, one
having composition Ces;Pb, the second CePb;. (Zintl &
Neumayr, 1933).

The six new compounds reported here increase the num-
ber of known D8g phases to more than fifty. The available
results indicate that the D83 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 TisPb; to 1-35 for YsSis. A
more detailed study on the characteristics of the D8g 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 Ko radiation)
Sfor new compounds with D8g structures

ScaSng YsSns YsPbs LagPbs CesPbs
N1 (A1 W od (A1 (IR LUERUEER e d (A 1,
100 7281 % 100 7.689 ) 100 7.769 ¢ 100 8.251 ) 100 8.204 )
110 4.204 - 110 4441 vvw | 110 ¢.485 vww | 110 4.766 - 110 4.13% -
200 3.640 vwvw | 200 3848 200 3.888 - 200 4.126 - 200 4.508 -
B 3499 w N 3669 www | 111 3713 w I 3938 wvew | 151 3090 vw
002 3.040 w 000 3.2%8 w 002 3.307 w 002 3.497 vw | 002 3.413 w
102 2.806 - 102 3.000 vww | 102 3.043 . 102 3.219 - 102 3180 -
210 2.752 vww | 210 2.906 vw | 210 2937 vw | 210 3120 vww | 210 3.100 vw
211 2507 me | 211 2.654 o 211 2.684 & 211 2848 8 211 2824 »
112 2464 m 12 2.626 12 2662 me | 112 2819 me | 112 2.769 &
100 2427 mw | 300 2.563 w 300 2.590 m 300 2.78) ms | 300 2.73% me
202 2333 w 202 2485 ww | 202 2318 w 202 2.667 mw | 202 2.624 w
220 2.102 - 220 2219 - 220 2.2% - 220 2 382 . 320 2.368 -
212 2.040 - 212 2169 - 212 2,196 . 22 2.8 - 22 229 -
310 2020 w 310 2132 vew | 310 2.15% vw 310 2.289 vw 30 2.275 www
221 1.986 w 221 2101 ww | 220 2424 w 221 2.2%% w 221 2237 ww
31 1916 . 31 2027 w 31 2.049 ML 217 31 2498 m
302 1.897 vw j02 2018 - 302 2.039f ™* s02 2162f ™| y0z 2434 -
s |.ne} N 1y 1981 - 115 1.979 vw | 113 2095 vw | ¢00 2.081
400 1.820) 400 1922 - 400 t 942 - 400 2.063 - 1) 2.08
222 1129 w 222 1834 w 222 185 mw | 222 1.968 w 202 1946 w
32 1682 - Uz 1784 - 312 1.804 - 32 1L91s - 32 1.893 -
320 1611 - 320 1.764 - 320 1.782 www | 320 1.893 - 320 1082
213 1.632 s 213 1.740 213 1.763 ms 213 1.889 ms 213 1.8%4 o
21 1611 vw | R 1703 w 321 1721 ww 321 1.827 wew | 321 1.814 vvw
410 1.589 - 410 1.678 w 410 1.696 - 410 1001 - 410 1.790 -
402 1.%62 - 402 1.655 w 402 1.675 vew | 402 1777 vvw | 402 1.738 wvw
4 1ssr . 004 1.629 m 004 1.654 mw | 004 1.74 TR T
004 1.520 w an1e2s a1 ree - a e ™ 004 1.706 w
104 1.488 - 104 1.994 - 104 1.617 - 104 L 70 - 104 1.670 -
322 1464 m 22y l.m} 223 1.572) 223 Lbbl} 322 1.641
223 1.«3 52z 1.ssif ™V a2 1.569f ™ 322 1.688f ™ 500 1.641} m.d
800 1454 ™ 500 1.538 w $00 198 500 1.650 w 223 1.64}

33 1.43) 114 19829 - 14 1982 ™ | 14 1641 - 313 1.609 w
14 tasef ™ 33 1,920 ww M3 1S4 m 313 1.638 m 114 1,608 -
412 1.408 vw | 204 1.500 - 204 1521 - 204 1.609 42 1.988 vvw
204 1.403 - 412 1492 wvw | 412 1.909 ww 412 1,600 vw 330 1.8
330 l.e01 - 330 1.480 - 330 1.495 . 330 1.988 . 204 1978 ™
420 1376 w 420 1483 w 420 1.468 w 420 1.5%9 vw 420 1.550 vvw
331 1368 w 351 1443 w 331 1458 w 331 1.949 vw 111938 wvw
Ql e . 24 142 o | 2416 ww | 214 1829 @ 1812w
214 1331 ww | 421t 1ag™ 21 1.4 m @ 1Leym™ 214 1,495 vw
502 1.313 ve %02 1391 $02 1.406 o 02 1.492 o 802 1.479)
$10 1.308 - 510 1.381 - 510 1.399) 810 l.u:} 850 1 474 ™od
23 1289) so4 1378 | sos 19 ™ 304 1.478f me.d | 323 1 430)
304 1.288) 23 136 ™ 323 1.386 wvw | 323 1472 304 1 443 *
$11.1.218 ww | s10otas) ] s Luﬂ Sii 1.48 SI1 1 440 vew
392 1213 - » g™ 92 136 ¥ 332 1446 ™™ ] saz 1an
422 r%e m 413 132 413 1.34 as e @ e
4y 128 - L IREY ad @ ey v Qe - a1 a0 Y™
224 1.232 - 224 1.313 - 224 1300 224 1.409 224 1 384
34 1218 m | 314 1295 w 34 1312 w 34 1389 w 600 1 367
600 1214 - 600 1.208 - 600 1.295 600 1.37% 34 1,368 vw
812 1201 - 812 1271 - $12 1.286 812 1.368 $12 1153
430 1197 . 430 1.264 - 430 1277 430 1.387 . 430 1349
491 LIt . s 1.2%0 - 118 1.269 vw 115 1342 vww | €31 1323 wvw
1S 1168 w ©4 1263 - 04 1299 . 404 1.33¢ . 820 131
@04 1167 - 4 120 m 4N 1254 m 1IN W 404 1 312} vw
520 1166 w 520 1.231 vw 520 1.244 w 520 1321 vww | 118 331
D3 1223 m 333 1.237 mw | 353 1315 w 333 12m
s rag | s 423 1298 s21 1290 ™9
423 1208 ™! ay 122 s20 1298 ™ | w2y 128t m
324 1.097 - 324 1212 vw 324 1284 - 602 1.269 vvw
602 l.l::}_d 218 1.2 602 1.280 vw 324 1264 -
218 1189 * 602 1.204/ ¥* 218 1.276 ms 432 1.2%4
@ 1amn . 62 1191 - 432 1268 - 610 1.281
slo |.u$ 610 1.2%0) 28 1249 v
e 1084 ° 414 1.2%4)wd s13 1.23
SI3 179 vw | 13 128 ae 1238 e
CTRRTTEN 611 1,234 611 1.230
822 1.23¢) s22 1.22¢f ™
225 1.206 vw 440 1.18:
804 1.200 504 |.u§ ve
NS A9 m 228 1.18
440 1195 - 612 1.1 vw
#)not observed 612 1.184 w 400 1.179)
Intensities were not corrected for absorption 700 1.179] 830 1.172) «
530 1.178f Y™ 318 1,170




