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Ba(Pbo.3, Tlo.2)3 has a hexagonal unit cell with a=7-342, ¢=39-45 A and Z= 14. The structnre is buili up
from close-packed triangular 4 Bj layers stacked in the Ahhchhc mode.

Since the successful resolution of the structure of BaPbj by
Sands, Wood & Ramsay (1964) this compound has become
the prototype for intermetallic compounds A4B; that can
be described as being built up from #hhc-stacked close-
packed triangular (7T) layers (Beck, 1968). On substitution
of the barium or lead atoms other stacking modes are sta-
bilized, some of which involve rather large stacking se-
quences(vanVucht, 1966).The fully hexagonal stackingmode
(Ni3Sn type) occurs when 50 per cent of the lead atoms are
randomly replaced by thallium atoms. Calculations made
by Havinga, van Vucht & Buschow (1969) showed that
intermediate stacking modes might very likely be found in
this system between the 3 hexagonal and the fully hexagonal
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Fig.1. Schematic drawing of the idealized filling of the unit

cell of Ba(Pbg.g,Tlp.2)3 with the stress-relieving displace-
ments discussed in the text.
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phases. An experimental check indeea ‘ielded a new phase
upon a replacement of 15 to 30 per cent of the lead atoms.
Indexing of the powder diffractogram of Ba(Pby.s, Tlg.2)3
was possible on the basis of a hexagonal unit-cell 14 layers
high. After rejection of all stacking modes more cubic than
hhc on the grounds of their being very unlikely and consid-
ering interactions between layers separated by more than 7
intermediate layers to be negligible, three possible 7-layer
stacking sequences seemed most suitable for a trial struc-
ture, i.e. hhhhhce, hhhhche and hhhchhe. From these the
second sequence is the counterpart of a stacking mode
suggested for (Nig-11,Pto-39)3 Ti by van Vucht (1966) and
confirmed by Sinha (1969). However, both the hAhhhhcc and
hhhhche modes do not appear among those calculated to be
stable by Havinga er al. Thus the structure analysis of this
compound might serve as a test case for the validity of the
theoretical considerations.

The intermetallic compound was prepared by melting
a mixture of the weighed components in an iron container
which was closed by welding in an argon-arc furnace. The
container was sealed in a silica envelope and then heated
in air at 1200°C for one day and subsequently at 550° C for
three days. The opening of the container, crushing of the
sample and filling of a special X-ray sample holder, (which
allowed the sample to be kept under an inert atmosphere
during exposure), were carried out in a glove box filled with
purified nitrogen. Exposures were made on a Philips wide-
range X-ray diffractometer PW 1050/30 in combination
with an AMR X-ray focusing monochromator using Cu Ko
radiation. Initially serious difficulties were encountered in
preparing good X-ray specimens because of the strong
inclination of the powder grains towards a preferred orien-
tation of their hexagonal base-planes in the specimen sur-
face. After numerous attempts we succeeded at last in
obtaining specimens of better random orientation by sprink-
ling extra-fine powder loosely onto a slightly greased glass
plate. For the calculations the diffractogram of the relatively
small 0014 peak was chosen.

Intensities for all possible stacking modes giving rise to a
14-layered unit-cell (19 in all) were calculated from the
parameters of an idealized close-packing of equal spheres.
From the three possible 7-layered periods, the stacking
modes hhhhhce and hhhhche could be rejected immediately,
since both gave rise to an index Ri=>|lo—I|/>1, of 0-47
compared with 0-23 for the hhhchhe stacking. All 14-layered
stacking modes yielded R; values between 0-35 and 0-67.
This indicates that the observed structure type is indeed the
predicted one.

The hhhchhe structure was refined by allowing the (Pb, T1)
atoms to be displaced by an amount & in the manner indi-
cated in Fig. 1. The displacements are based on the geomet-
rical considerations given by van Vucht (1966) and cause
a clustering of the smaller atoms in hexagonally stacked
layers, so giving more room to the larger atoms in the neigh-
bouring layers. Fig.2(a) shows that the agreement with the
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Table 1. X-ray data for Ba(Pbyg.3,Tlo.2)3
Cu Ka radiation. Unobserved reflexions, calculated to be <3 (limit of observation), are not included.

sin2 6 (x 103) Lcarc
h k1 Obs. Calc, Iops 0=0 6=0-015
1 00 . 14+7 I 01 06
10 1} 149 151 5 L 13 110
10 2 161 162 9 17 112
10 7 334 334 3 42 05
110 440 al 3 , 40 28
200 ) : 18 [ 19
2 0 1 } 590 592 32 1354 | 345
20 2 60-1 603 47 497 469
2 0 3 623 622 3 2:0 15
20 4 647 649 3 5.8 50
205 68-4 68-3 9 142 136
20 6 723 72-5 94 822 786
0 0 14 747 748 91 88-3 88-2
2 0 7 774 775 171 1939 1874
20 8 831 832 50 68-9 65-9
1 014 . * 00 0-2
2 0 9} §9-5 897 6 {10-0 { 9-6
2 010 o4 970 19+ 34 30
210 _ . 00 J 01
211 1029 1033 5 03 | 19
21 2 . . 04 15
2 011 1043 1050 3 o 1 o3
2 012 1136 1138 15 218 20-6
216 116-4 116:6 3 07 27
217 121-6 1216 9 18 85
2 013 123+6 1233 12 136 133
305 1415 141-8 6 00 67
2 015 1447 1447 6 109 106
2 016 1565 156:6 15 14-0 133
3009 162:8 163-2 3 00 5.5
220 1761 1764 103 83-0 731
2 019 1957 1966 17+ 34 33
2 020 2116 211°5 15 19-1 182
2 021 2275 2272 52 441 426
400 _ . 03 0-4
4 0 1} 2350 2356 6 { 54 { 53
40 2 2365 265 6 7-8 65
2 022 _ 243- 155 14-8
405 2440 2447 27 25 21
40 6 . 248- 150 12:3
2 214 2510 251-2 91 99-5 87-6
407 2540 253-9 35 375 320
40 8 259-0 259-6 9 141 116
2 023 2605 260-8 3 22 22
3019 ‘ 2701 . 00 27
2 121 } 2700 2713 20 06 28
3 2°0] 2793 00 02
302 1 280-0 2797 18 - 0-1 43
32 2 I 280-8 01 44
4 012 — 290-2 <3 56 48
1 027 . 293-0 . 09 03
326 293:0 203-2 7 02 01
0 028 299-4 12:8 12:8
4 013 300:0 299-7 21 3-8 37
3 021 300-7 00 01
2 026 316:9 51 48
3210 317:0 317-4 6 00 01
415 3182 00 3.6
4 015 3215 3211 3 35 34
4 016 332:9 27 20
3212 334:0 334:3 7 01 34
3 023 3343 00 2:0
2 027 336:0 3372 7 32 31

* Reflexions from a (Pb, Tl) solid solution contaminant.
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Fig.2. (a) The effect on R; of a displacement, 8, of (Pb, TI) atoms in A-stacked layers (see also. Fig. 1) (b) Effect of the introduction
of a temperature factor on R;. (¢) Effect on R; of a z-displacement, &, of some Ba atoms in the manner indicated in Fig.1.

observed intensities is improved significantly by the intro-
duction of this parameter. The direction of the displace-
ments giving rise to the best R; index (0-18), see Table 1,
agrees with the geometrical model.

From Fig.2(b) it is seen that the introduction of a tem-
perature factor is no improvement, indicating that the
thermal motion is small. Finally we calculated the effect of
the introduction of a z displacement, ¢, of the Ba atoms in
the hexagonally stacked layers adjacent to the cubic ones
(see also Fig.1). Fig.2(c) shows that such a displacement
improves the agreement slightly but not significantly.

The unit cell and its contents may be described as follows:

Space group P63/mmc (No. 194)
a=17-342, c=39-45 A, Z=14
2 Bain2(d):+(},%,3)
4 Bain4(e): (0,0,+2;0,0,3+2) with z=>%—¢
8 Baind4(f):x(},%,2; 3,4,3+2)
with z=3%—¢,
z=1i%
6 (Pbo-g,Tlo-2) in 6(h): £(x,2x,%; 2x,x,%; x,%,%)
with x=3%+6
36 (Pbg-s, Tlo-2) in 12(k): +(x,2x,2; 2x,x,2;

X, %,2; x,2x,3—z; 2x,x,3+ z; X, x,%+ z) with
x=%—-dand z=5%
x=%tand z=44,
x=%+d and z=33.

With idealized triangular layers (6=0): X |l — I.|/>1,=0-23.
Refined with clustering in the layers: >l —Il/>l,=0-18
with 6=-015.

The structure as described shows that the (Pb, Tl) atoms
in the & layers are markedly clustered. The smallest (Pb,
TI)-(Pb, Tl) distance decreases from the value 3-67 A, still

present in the ¢ layers, to 3-34 A, which is rather small
compared with the distance for these atoms in a twelvefold
coordination (3-48 A). The Ba—(Pb,Tl) distances within
a hexagonal layer are 3-68 A, which is only slightly larger
than in the cubic layer (3-67 A). The distances of Ba to
(Pb, T1) atoms in neighbouring layers vary from 3-53 A for
(Pb, T1) atoms in the ¢ layers to 3:65 A for the (Pb, Tl) atoms
in the 4 layers. All are small compared with the sum of the
metallic radii of both atoms (3:99 A). The smallest calcu-
lated Ba—(Pb, T1) distance of 3-53 A can only be enlarged by
allowing the barium atoms to be squeezed out of the close-
packed planes in the z direction. The value of ¢=0-002 at
the minimum in the curve of Fig.2(c) results in the distances
from the Ba atoms in the h layers to the two sets of three
(Pb, T1) atoms in the two adjacent ¢ and 4 layers respec-
tively being equal (3-59 A). However, our data do not
allow the existence of such puckered layers to be estab-
lished with any certainty.

Thanks are due to Mr H.C.Donkersloot for his coope-
ration in the experimental work and to Dr J. Hornstra for
valuable remarks concerning the manuscript.
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