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cules treated in the one configuration approximation.
Likewise continuum orbitals could be invoked in situa-
tions where the optimum forms of the molecular or-
bitals of a molecular fragment change substantially
during the process of molecule formation.
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The Crystal Structure of Yb;;Sbyg

Str:

The compound previously designated as «-Yb;Sby is
the low-temperature form of one of the intermediate
phases occurring in the Yb-Sb system investigated by
Bodnar and Steinfink.! The stoichiometry of the
compound had not previously been established with
certainty, although a single phase was observed on an
X-ray powder diffraction pattern when the elements
reacted in a 5:4 ratio. The lattice parameters and
space group of this compound indicated that it was
isostructural with one of the monogermanide phases
reported by Tharp, Smith, and Johnson.? A later
single-crystal analysis by Smith, Johnson, and Tharp?
established the structure of this new rare earth germ-
anide phase and showed that the composition corre-
sponded to an 11:10 ratio of the elements.

Procedure.—The preparation of this compound has
been described previously.! The material is spongy,
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TApLE 11
INTERATOMIC DISTANCES IN YhiShyg
Atom Atom Distance, Esd,
1 2 A A
Yh(l) Sh(4) 3.125 0.003
Sh(2) 3.159 0.006
Sh(b) 3.413 0.007
Sh(l) 3.420 0.005
Sh(s) 3.527 0.007
Yhi4) 3.701 0.004
Yh(4) 3.819 0.004
Yh(3) 3.920 0.005
Yh(2) 3.910 0.009
Yh(1) 4.223 0.004
Yh(2) Sh(1) 2,933 0.010
Sh(3) 3.464 0.018
Sh(2) 3.556 0.010
Sh(b) 3.672 0.011
Yh(4) 4.319 0.009
Yb(2) 3.963 0.013
Yh(3) Sb(3) 3.491 0.016
Sb(5) 3.465 0.008
Yb{4) 4,119 0.005
Yb(4) Sb(5) 3.148 0.007
Sh(l)- 3.165 0.005
Sh(3) 3.393 0.016
Sb(4) 3.176 0.003
Yb(4) 3.881 0.004
Sh(1) Sh(l) 3.572 0.006
Sh(3) Sb(3) 2,008 0.022
Sb(5) 3.280 0.017
Sh(5) Sh(s) 2.936 0.009

@ Esd’s include only uncertainties in positional parameters.

density was redetermined by immersing the specimen
in benzene and evacuating the system so that boiling
occurred and benzene vapors could penetrate into the
pores to displace the air. When the system was opened

TasBLE I
FinaL AtoMic PARAMETERS (X 10*) FOR YbuShi®

Wycoft

Atom notation x EY 2 B B2 Bss Bz Bus By
Yb(1)  16n 0 2518 (2) 1886 (1) 38 (1) 22 (1) 8 (0) 0 0 ~1(1)
Yh(2) 8h 1671 (5) 1671 (3) 0 71(4) 71 (4) 14 (1) 40 (3) 0 0
Yb(3) de 0 0 3374 (2) 32 (4) 32 (4) 11 (1) 0 0 0
Yh(4)  16n 0 3364 (2) 3974 (1) 26 (1) 36 (1) 4(0) 0 0 —1(1)
Sh(1) 81 3494 (4) 0 0 26 (3) 45 (3) 5(1) 0 0 0
Sb(2) de 0 0 1283 (3) 23 (5) 23 (5) 8(2) 0 0 0
Sb(3) 8h 3736 (9) 3736 (9) 0 104 (8) 104 (8) 19 (2) —1(3) 0 0
Sh(4) 4d 0 1/ 1/ 25 (4) 25 (4) 3(1) 0 0 0
Sh(5) 16m 2062 (4) 2062 (4) 3245 (2) 35(2) 35(2) 8(1) 6 (2) —1(2) —1(2)
@ The esd’s X 104 are given in parentheses. The form of the thermal ellipsoids is exp[ — (Buh? -+ Buk® -+ Byl? + 2Buhk + 2Buhi +

.‘2B'zskl)] .

and single crystals were difficult to find. The single
crystal used in this investigation was an irregular frag-
ment with encohjvpassing dimensions of about 0.06 X
0.07 X 0.10 mm"and with a shape which could be
approximated by six planar faces.

The calculated density assuming 4 units of YbyuShig
per unit cell is 8.6 g/cm?.  Density measurements on
the spongy material by loss of weight in acetone resulted
in a suspiciously low value of 7.6 g/cm? probably
because acetone failed to displace entrapped air. The

(1) R, E. Bodnar and H. Steinfink, Inorg. Chem., 6, 327 (1967).

(2) A. G. Tharp, G. S. Smith, and Q. Johnson, Acte Crystallogr., 20, 583
(1966).

(3) G. S. Smith, Q. Johnson, and A. G. Tharp, #bid., 28, 640 (1967).

to the atmosphere, the vapors condensed to liquid in
the pores and additional liquid was sucked in so that a
true weight loss was determined. Several such measure-
ments yielded values ranging from 8.11 to 8.24 g/cm?,
with an average value of 8.17 (7) g/cm?®, considerably
closer to the calculated value for the stoichiometry
YbiiSbie.

Weissenberg and precession photographs, made with
Cu Ka and Mo Ke radiation, respectively, showed that
the diffraction syminetry was 4/mmm, that the erystal
was mounted along an axis which was labeled b, and
that #k! diffraction spectra were present only when 7 +
+ %k + ! = 2n with no other systematic absences being
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TABLE IIT
OBSERVED AND CALCULATED STRUCTURE FACTORS FOR YbiiSbie*

v KL Foss FeaL X L ross reat L roas roat x L 7088 rFesl L
" ERRY] . 2 120 - CRRTTRNTTY 2 1
¢ . 3 oe s ] [N z 3
s 8 3 e s ) 1 13 583 58 ]
o 1 3w 0 3 [ . : 7
9 32 3 a0 2 5 P14 ae 29
s 1 12 N h i 216 w208 2
¢ s 3 2 1 [ 2 19 226 2 1
o s eey P 11 23 156 #145 213
o 20 o9 ‘3 13 88 435 2 a1
o 22 [ 4 7 0 18 2 1%
4 P P 0 17 3
[ I oo 0 18 2 3
v 3 9 4 PR o 21 [
[ ] o 19 1 P o 23 32
[ [T -y a1t ? g M
09 3} 1014 98 It
8l LI H i
0 13 0 {8 A3l wads 2 s 10
o s o 20 TS .Tae i 1 312
0 17 o 22 18 "1ye 2 30 3
e 19 o 26 296 .338 . 12 3
v o2 Vo133 e 5 1 FET)
LT 13 338 e3 a 1 32
[ 18 5 418 1 18 2 22
s 17 aes 230 2 20 h [
1 e L% a32 40w 4 2 '3 2
1oae Lol o280 g8y Py 24 182 ¢ 8
[T b 13 Tab a7p2 il | i} i 41
[t 105 'se e 0 H Y o9
1o1e AT a6 -eae ] s i s u
1ole L ois 180 eles CINEY 1 lra -las 3 s 13
120 L2l 307 20 o 9 682 60 3 [
122 L 23 286 u3mn v 2 11327 <318 N 4o
24 2 "3 30 .23 b 4 1318 < N [
" 22 328 .3 [ 18170 ~180 + s 2
o 9 2 s an an o A 17338 =38 . v 23
0 2 2 6 124 m o an 19 221 2 . 5 o
LI z & 13 g v 12 21 s =28 . a2
I FERTIR T s 1e 23 i =206 . s .
) 2 12 89 -8 g s 38 28 43 . s e
s 10 2 is s 257 ¢ 13 32 3k -3 . ]
o 1z 2 1 1ee 18k 0 2 oy er2r . 5o
[T B 18 215 =28y 0 22 s 2% 2 ¢ [
2 le 2 20 1rs uisz o 2 B 42e w20 . > e
o 1a 2 22 117 20y 1 LI I TE > 16
o 20 2 20 263 291 3 12300 1% s 5 |8
o 22 $o0L 138 a2t s 14330 .30 s s 20
a2 33 371 L9y 7 16 168 2188 H s 22
[ 35 ans Temy e 318 gan ise H e 3
[ 3007 108 _me ' 3 20 an -2ee 5 s 3
[ 109 128 . ] 3oz o I 1 [
[ 311 a2 2ad s « 12w am s I
Ve 313 377 a3ea v 3 ese -T2 s 6 9
1l 3013 398 1w 2 &8 a2 =23 H 1
1oz 37 220 22e 1 47 36 238 s 13
Vo 3 1Y 32 aaes 3 s 9 1 & H It
17 321 ARl 192 3 S0 3k 328 3 17
1o 3 21 A5 jose 2 2 PRI YT N
12 « o 522 171 2 s IS 4 s 2
12 . 832 -ATG 2 s 1 s T
2 o o e 38 2 Pt 5 [}
2z s 61118 1nen FINY) .2 1 1o
2 . s 8725 wees 2 7 » [
2 . 410 36 aeme . s o 6 [
) L1238 1es 5 s 2 & T
z a0 so1s 173 79 " s . s 1 oae
2z & 18 A1 TRt o 5 . . Toae
2 e b 18 4sS Latn 2 s 8 A 7 le
[T ¢ 20 118 J20, N s a0 . (Y]
2 1 s 22 172 14 \ 5 a2 ? 7 20
2 2n soae 2 20 3 5 e 7 s )
2 he s H s 1 7 ']
2 2 Loaes e v 3 e ? a5
see w0 o 3 a2 Ay ) 5 20 7 .7
o 1 0 5 507 ads 3t 5 7 )
[ 07 s 2w ERST) 6 1 7 [
0 s o v 728 71y 3 s 6 3 v [t}
0 7 AT T I 30 s 5 1 [t
I o 13 122 3¢ 3 1e s 7 4 s 17
[ 9 15 93T sem FE) I M 't
o 13 0 17 s9 218 FRE ] & 11 8 ¥ 2
0 1% 0 1% 128 m122 I « 1 . v e
011 ¢ 21 o .2 6 135 ’ L]
0 18 9 23 Al -as 4 s 6 17 . LI
o 21 - [T I P & 19 [ L]
0 23 o2 . . 3 s 2 : 38
’ Pooa 238 =2 s T 1
b3 bos @il 1 12 : ® 02
o 18 390 .39 .l T h v Qe
18 119 Ae aals . [ [ v s
[ 112 339 .9 PNt T H 318
[T Loeoaloae 4 2 718 * v 20
1oz 1oge P11 112 9 pora
1o ) « 7. a o0
116 120 s 3 116 o 92
114 iz 5 s 708 0 [
12 1oz 5 7 72 " [
122 2 5 9 7 22 o 0 2
126 ] 5 1 [T » o
2 : 3 s 1 o0 ° o 1
z 3 [ ] 8z 0 [t
2 3 oy e [ n 0 16
2 7 2 5 1o 0 & " T
2 3 2 13 3 o2 o 9 o 2
2 z 18 5 2 0 10 1 o 22
2 12 z a7 [ [t 1 [
s z 1 s 2 LY 1 12
S 2 2l 6 o 16 1 (S
219 2 23 6 6 ¢ 1A 1 [
2 2 35 TR 0 20 1 [
2 2 32 & 1 o 22 1 1ol
1 2 sy 9as 3. 6 12 [ 104 43 arde o1
34 493 L8 3 e 6 14 1o 116 1e8 a1se 1o
1 & %07 s 3 s s 16 13 118 i o189 1oz
38 Ter we? 319 204 6 s Vs 120 Ty eage 1
3 10 1353 1309 30z T 6 21 80 amp 11 381 328 122 103 e ioal

x % L %1 FOBS reaL XL FosS sear X L FOAS FoAL X L roas rea
3 [ by PERTRIC O LR S AN M) oo 8s Y
2 14 Qo7 a8 i 1s e 0 v 0y 383 el o 7 I
2 1 o 4R AT e 150 M0 19 ° 8 1Te 10 . o 3
H 3 138 128 e ee fzese 10 2 7 Sl 10 1L 0 8
2 10 i8% =186 0 a 1015 968 1¢ 4 132 <8¢ 1¢ 131 9 1
2 1z . w49 o 2 80 else 1% 192 o184 LR 3 4
2 1618 196 o 4 18] albe 19 5 159 32 1 '] ¢ 1t
2 14 L] 4T a 6 142 Mg 1 e 78 «102s i H 1 ¢
z 18123 )8 o 4 20} 2ie 10 12 B eree 11« 12
H 20 197 -208 o 19 b2a o6 12 14 S7 e 11 4 1o
2 22 A ade g 12 52 S7e 10 16 129 <8 1 [] 1 ]
2 1 1 3 0 Is 265 25% 1718 8T <36 1 1e il 13
z FRSTYTY o s les fos [T S S R T 1o
3 3 508 a7} o 10 Ta =hae 1 2 3 1 b
3 T . 8 9 20 4ss 813 13 5 15 148 12 1 2 H
3 ® 321 N5 o 22 103 564 in 1 » 13e 1z 3 2 3
3 11 180 «)e? 1 1152 ie2 il ¥ o108 3 12 k) 2 5
3 13 4 =31 ] 3 e a2 PIIE TS B2 a0 12 1 2 7
3 18 11a a7 P0% 381 3E a1 13 M2 e 12 s : s
3 1 2 1 r 5 9 1oar 213 2y 2 1 2
3 19 s 19 31 ke 1L a7 b00 12 13 3 e
k) 2} L} 131 182 187 12 0 798 Tés e M 3 2
3 2 " 113 183 -18} 12 ¢ 189 =1as 0 ) 3 .
3 [] ? 115 260 259 12 4 177 aleg 0 7 ER )
2 2 L3 117 s 183 e 6 230 i3y ¢ ) E ]
- - . 1 le 207 -237 12 ¥ %9 eha ¢ k3 3 e
. . T 1 21 13} 1e5 14 10 333 13z ° L3 12
. . 1] 12 37 53 12 12 223 192 Lt 3 1
- 19 1 e 7 556 Sia 12 1% 335 -l2s o 17 . ]
- 12 M 2 2 304 &201 e now 1) ase LI EY . 8
L3 3 1a 2 . 242 229 ° ol ™ 1 1 7
. 3 18 2 5 180 lae o 3 Rz .83 1 3 4
3 3 1s ? A 12 evy o 5 283 22 1 Al s 1
13 3 2 2 1a v 7 1 T s 13
. 3 2 FINT [ 1oe 5 2
. - i 2 e v IS 111 54
‘ PR 2 e vl N 5 e
s 4 s 2 < > 2 A s &
s 3 ’ 2z 20 v 2 2 5 10
s I 2 2 2 2 6 1
5 41l 3 1 . 2 A s 3
s 4 13 3 3 3 ? a & 5
5 .08 s ® [N e 7
5 ISR 1T o z 12 o 9
H 9 R H 2 1 511
s L2 3o . 3 1 T L}
s s 0 3 . 3 Tz
5 5 2 3 s 1 3 s T .
H s . 3oar 3 3 [
& L ) EENL] s 3 9 ? A
8 5 8 12 1 3 78
3 5 1o . " v ERRE] 8 i
. s 12 . 2 i . n 3 3
Y s 1e P 3 PO s 5
¢ s 16 oo H PR s 7
. 5 18 P 0 PO ¢
3 5 20 . in 2 - A LI
L 5 20 4 12 . 4 n 4 0
6 20 s 22 m PEETY N .12 v 2
3 2 s 1 & LEEL3 ¥ 4 1s 9 .
Tl 6 3 oo s ) v s
T 1 s % M . 2n 5 1 9 8
s ] . 22 5 5 s 10
T v & 9 19 5 t 5 T 10 1
T 9 t 11 15 s 3 kd @ 10 3
Ton & 13 2ia 5 s s 1 10 5
T 6 15 284 5 v 5 11 10 7
118 & 17 ie3 5 9 3 a 10 9
T s 19 9 5 L3 2 il a
7 e 6 21 2 813 s . 1 2
T2 7 Ll ” 5 15 3 L] 11 .
a i 7 2 14 s b L) 1 3
o 2 LT [Nt PR nos
L] . 7 & 27h s 21 & 13 12 1
8 5 1Az 6 e o s 123
e 8 7o » ? T i 12 5
e 702 e 4 oa [ 27
(3t T azs [ 7 s con
[ T 16 AT ate 6 x 17 0 o
A s T i 9% e2es o1 T § 3
LNl T 20 2In =228 & 12 TN ] .
B 20 9% arée 8 1 lén 157 Pty 7 o e
9 1123 =108 A 1 12 a1m0 LR L] 3 a ° L3
9 1 389 36 4 5 113 15 6 13 L3 2 2 [l
9 % 237 .23% 87 117 .98 6 20 B P
9 7 11 181 & % 18s 174 FY [ 2 .
LR k4l s 1) 18 181 1 1 [ ® 2 3
9 1t 311 e307 8 13 231 .282 1 & 8 11 2 8
9 131 159 )38 A 18 10s 64 7 7 [t Y 2
s 1% (k) 182 207 I ez 7o s PO
9 17 4 a5 4 19 9 <62 T 9 3 [y %
1 8 ar 9 o i i T [ P
16 0 178 w183 9 2 131 2 1 s » 7 s
19 2 1% «5) 9 & 263 <244 77 ¥ 9 s 3
10 3 1 S| AR L) 23¢ T $ 1 5 5
" 3 20 85 ¥ 8 sn ape s a LS s 7
16 & 135 fes s 10 84 sl 2 10 Fa
1610 848 522 9 12 A7 50 [ 0 P
1812 154 ]S 9 s A # 6 10 s .
0 1s 98 13t ALt Ll L] 4 4 18 s Y
o1 % 18 a1r 12 5 14 io 6 8
101 10001 2 jo 1 R
e 103 T 82
a o 8 i1 P
L] it 7 i1t a &
[ o9 % 10 0
k3 o1 i 10 2
¢ 10 13 1" 10 s
Y 10 1% T 10 &
e 1 10 7 i 12 Q
[N} It 9 12 1z 2
0 1) 2 12 *ae 5
o1 n . 12 s 9
o 2 [T iz s 2
¢z e iz 1

1 e

a Starred entries were statistically unacceptable reflections and were not used in the refinement.

observed. Thus the data are consistent with one of
the space groups I4/mmm, 1422, I4mm, 142m, and
I14m2. Lattice constants obtained from a least-squares
analysis of data from Weissenberg photographs taken
at room temperature with Cu K« radiation (A 1.54178
A) are g = 11.86 (1) A and ¢ = 17.10 (1) A, slightly
different from those reported previously.

Approximately 4500 integrated intensities were
collected for kL and hkl to a limit of T = 63° with a
Philips  automatic  single-crystal  diffractometer,
PAILRED, using crystal monochromatized Mo Kea
radiation (A 0.71069 A) and an o scan. Reflections
from levels #0l~%3] were scanned over a 2° interval,
those from levels h4/-h5] were scanned over a 2.4°
interval, and reflections from levels A6/-212] were
scanned over a 2.4° interval with T > 30° and over a 4°
interval with T < 80°. The scanning rate was 1°/min,
and background was counted on each side of the peaks
for 1 min.

The intensity data were processed and Lorentz and
polarization factors applied by means of a program
written in this laboratory. Absorption corrections
were made using the program GNABS written by Burn-

ham*and using a linear absorption coefficient of u = 514
cm~!, obtained by using the measured density of 8.2
g/cm? and assuming a stoichiometry of YbyuSby. The
caclulated transmission factors varied between 0.10
and 0.77. Intensities were accepted as being statisti-
cally nonzero on the basis that AI/] < 0.50.5 The
amplitudes of the equivalent reflections were averaged
using their ¢(F)’s as weights, where o(F) is given by
F b _1r 4B By
a(Fo) = T = B)z[ + B + 0.0009(T )21
where T is the total count and B is the computed total
background count. The additive term involving
(I' — B) makes allowance for errors proportional to the
net count, such as variation in the beam intensity
and absorption errors. An average o(F), #(F), was
calculated for each averaged F from the individual
o(F)’s in the equivalent set, using the individual F’s as
weighting factors. In the case where not all of the
(4) C. W. Burnham, “An IBM 709/7090 Computer Program for Com-
puting Transmission Factors for Crystals of Essentially Arbitrary Shape,”
Geophysical Laboratory, Carnegie Institute of Washington, Washington,

D. C., 1963,
(8) M. Mack, Norelco Rep., 12, 40 (1965).
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equivalents for an independent reflection were statisti-
cally acceptable, only the acceptable ones were used in
calculating the average quantities. In the other cases
all equivalents were used. The averaged reflections
were combined with single reflections for which no
equivalents were available in the data set to obtain a
final set of 1370 independent reflections, of which 997
were statistically nonzero.

Determination of the Structure.—In the refinements
discussed below, R is the conventional discrepancy co-
efficient, R = EHFO‘ —_ \Fcl‘/EiFol. The function
minimized was E[w(T{FO" — “Fcl)"’], where w is [a(F.) ]2
The computer program used in the refinements was
XrLs, a modified version of orFLs.® Dispersion-cor-
rected scattering factors incorporating the real and
imaginary terms for Yb and Sb as given in ref 7 for
Mo Ka were used throughout.

Beginning with a trial model consisting of the HoyGeio
parameters, eight cycles of full-matrix least-squares
refinement of the scale factor, positional parameters,
and isotropic thermal parameters resulted in an R value
of 0.13. The thermal parameters after this refinement
all fell within the range of 0.3-1.0 A? with the exception
of Sb(3), for which the thermal parameter was 3.9 A2,
Five cycles of anisotropic refinement then resulted in
R = 0.080, with the thermal parameters for Sb(3)
remaining quite high relative to those for the other
atoms in the structure.

The high thermal parameter for Shb(3) and the large
value of the calculated density for YbyShy might be an
indication that the Sb(3) site is partially occupied. A
stoichiometry of YbuSbs is obtained on the assumption
that the occupant is !/5Sb. The calculated density for

(6) W. R. Busing, K. O. Martin, and H. A. Levy, USAEC Report ORNL-
TM 305, Osk Ridge National Laboratory, Oak Ridge, Tenn., 1962.

(7) “International Tables for X-Ray Crystallography,” Vol. III, Kynoch
Press, Birmingham, England, 1968.
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this formula is 8.3 g/em? A full-matrix refinement on
this basis reduced the temperature factors of Sh(3) to
values comparable with those of the other atoms, as
expected, but R increased to 0.084. The formula
Yb1:Sbye was retained for all further calculations but the
possibility that a deviation from the 11:10 composition
exists cannot be ruled out.

The final parameters for Yby;Sby are shown in Table
I, the interatomic distances are shown in Table IT, and
the final observed amplitudes and calculated structure
factors are presented in Table III. The standard
deviation of an observation of unit weight is 2.67. A
difference Fourier synthesis was calculated and con-
tained no peaks representing more than about 0.4
e=/A3

Discussion of the Structure.—The spatial parameters
of “a-Yb;Sb,”’ show that it is isostructural with Hou-
Gep. A detailed discussion of this structure has been
given by Smith, et al.* All of the bond distances in
Table IT fall within an acceptable range for the atoms
involved. The same type of bonding is expected in this
compound as in HouGes, because valence numbers of
3 and 4 for Ho and Ge, respectively, would provide the
same number of electrons for bonding as valence num-
bers of 2 and 5 for Yb and Sb, respectively. Magnetic
susceptibility data indicate that nearly all of the Yb is
divalent in this phase.?

(8) R. E. Bodnar, H, Steinfink, and K. S. V. L. Narasimhan, J. Appl.
Phys., 89, 1485 (1968).

(9) Financial assistance from the National Institutes of Health, National

Institute of Dental Research, under a training grant in X-ray crystallog-
raphy is gratefully acknowledged.

H. L. CLARK
H. D. Simpson?®
H. STEINFINK

MATERIALS SCIENCE LABORATORIES
DEPARTMENT OF CHEMICAL ENGINEERING
THE UNIVERSITY OF TEXAS AT AUSTIN
AustiN, TExas 78712

RECEIVED DECEMBER 9, 1968



