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During a current investigation of compounds formed by 
lanthanide metals with germanium, powder X-ray diffrac- 
tion patterns indicated the formation of a germanide of 
ytterbium unlike previously known germanides and silicides 
of transition metals. This phase was observed to occur in 
all preparations with a Ge:Yb gram-atom ratio of 2:1 or 
slightly lower. We were able to isolate well-formed single 
crystals of this compound and subsequently determine its 
formula to be Yb3Ges. 

Following the establishment of this composition, a search 
of the literature for 3 : 5 compounds disclosed that Yb3Ge5 
is isotypic with Th3Pt5 and Th3Pd5 which were recently 
reported by Thomson (1963). 

The preparations were made by arc-melting the com- 
ponents in a Zr-gettered argon atmosphere. Minimum 
power was used to lower the volatilization of ytterbium 
metal. Each preparation was turned and remelted several 
times to homogenize the sample. Oxidation was not ap- 
parent in any of the preparations. Excellent powder pat- 
terns were obtained without having to anneal the samples. 

Oscillation and Weissenberg photographs showed the 
crystals to be hexagonal, of diffraction symmetry 6/mmm 
with no systematic extinctions. Unit-cell dimensions, de- 
termined from the crystal used for intensity measurements, 
are a = 6"803 4- 0.01, c = 4" 166 4- 0.01 ~ (~. Mo Kc~ = 0.7107/~). 
Integrated intensities for 48 hkl reflections were measured 
on a General Electric XRD 5 diffractometer equipped with 
a goniostat and krypton-filled proportional counter. The 
radiation used was zirconium-filtered Mo K~. The crystal 
shape approximated a parallelopiped, 0.03 x 0.03 x 0" 12 mm. 

Simple considerations of the h00 and 00l reflections ob- 
viated the need for Patterson analysis. A regular alternation 
in the magnitudes of the 00l reflections indicated layers of 
Ge separated by c/2 from layers of Yb, the ratio of Ge 
atoms to Yb being ~ 1.5. From h00, strong for h=  3n, it 
was concluded that the x (and y) parameters within the 
layers were near multiples of 3. Two such models, both 
formulated in the space group P~2m (International Tables 
for X-ray Crystallography, 1952), were derived; one had 
the stoichiometry Yb2Ge3 and the other, Yb3Ges. 

Structure factor calculations proved conclusive in favor 
of the latter, and this structure, moreover, was capable of 
major refinement via the full-matrix least-squares program 
of Sparks, Gantzel & Trueblood (ACA program no. 317, 
unpublished). The scattering factors were the Hartree- 
Fock-Slater values of Hanson, Herman, Lea & Skillman 
(1964) for the neutral atoms. As an approximation to a 

* This work was performed under the auspices of the U.S. 
Atomic Energy Commission. 

t Permanent address: Chemistry Department, California 
State College, Long Beach, California. 

weighting scheme appropriate for diffractometric data 
(Smith & Alexander, 1963), the following formalism was 
used" w=F~o forFo <A, w=AS/4Fo 1 forFo >A. On the scale 
of the structure-factor data in Table 2, A is 122. 

After five cycles with isotropic temperature factors, the 
parameter shifts were negligible, and the R value stood at 
7.1 70; 5.8 7o if extinction is assumed for the 002 reflection. 
The final parameters are listed in Table 1. Owing to neglect 
of absorption as well as anomalous dispersion corrections 
for both Yb and Ge, the temperature parameters are not 
physically realistic. For these reasons also we decided not 
to explore the possibility of any definite departure from 
the full 3:5 stoichiometry. By way of comparison, Th3Pd5 
has only a narrow range of homogeneity (Thomson, 1963). 
Based on Yb3Ge5 composition, the calculated density is 
8.77 g.cm-3. 

The structure is derived from the C32-A1B2 type by the 
systematic removal of one sixth of the Ge atoms, i.e. the 
composition is 3:5 instead of 3:6. As a result the larger 
hexagonal cell has a ~ 3 ~ x a of a hypothetical ytterbium- 
germanium A1B2-type structure. A final difference Fourier 
synthesis gives no indication of a partial occupancy of 
these vacant sites. Moreover, the positional shifts are such 
that Ge(2) largely fills up the holes introduced. The co- 
ordination is not as high nor as regular as in the AIB2-type. 
Table 3 lists these interatomic distances. With atomic radii 
of 1"94 and 1"37 A (Teatum, Gschneidner & Waber, 1959) 
for Yb (valence=2) and Ge, respectively, the observed 
distances indicate smaller-than-usual sizes for Ge and Yb. 
We also note that the sum of the atomic volumes (Teatum, 
Gschneidner & Waber, 1959) for Yb3Ge5 exceeds the ob- 
served unit cell volume by ~ 40 7o. 

This is apparently the only known silicide or germanide 
to have this formula in a structural sense. Lundin (1961) 
has concluded that several of the rare earth silicides pre- 
viously reported by Mayer, Banks & Post (1962) and inde- 
pendently by Tharp (1962) to have the A1B2 structure are 
actually M3Si5 compounds. The unit-cell volumes of these 
compounds are prohibitively small and cannot contain one 
formula unit. It would appear preferable to describe these 
compounds as defect A1B2 structures of M8il.67 stoichi- 
ometry. 
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Table 1. ,4 tomic positions and parameters 

3 Yb in 3(f), x, 0, 0; etc .  x=0.3604+0.0010 B= -0.05+0.22 ~z 
2 Ge(1) in 2(d), ~-, ~, ½; etc. B= 0.08+0.62 A2 
3 Ge(2) in 3(g), x, 0, ½; etc. x=0.7471 +0"0037 B= 0.88 +0"50/~,z 
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Table 2. Observed and calculated structure factors forYb3Ge~ 
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Table 3. Interatomic distances ~ for Yb3Ges 

The e.s.d.'s include only the uncertainties in the 
positional parameters. 

Y b - 4  Ge(2) 3.015 +0-006 A, 
- 4 Ge(1) 3.016 + 0.002 
- 2 Ge(2) 3"356 + 0"021 
- 4 Yb 3-778 + 0"005 
- 2  Yb 4.166 

G e ( l ) -  3 Ge(2) 2.585 + 0.017 
- 6  Yb 3.016+0.002 
- 3 Ge(1) 3.928 

Ge(2) - 2 Ge(1) 2-585 + 0.017 
- 2 Ge(2) 2.979 + 0.044 
- 4 Yb 3"015 ___ 0.006 
- 2  Yb 3-356+0-021 
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The rate of refinement of coordinates for the minimum residual method in three dimensions. By E. STANLEY, 
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Bhuiya & Stanley (1963) proposed a method of  refinement 
i n which each parameter, u~, is varied in turn from u~- ndu~ 
to to + ndu~ in 2n increments of  du~. The lowest value of  the 
residual, R=IIIFol-IF~ll/IIFoh within the range o f  vari- 
ation is noted and the corresponding value of  u~ is taken as 
the best value of  the parameter within the permitted range 
of  variation. This method has worked very well in two- 
dimensional  studies and the rate of  refinement in two dimen- 

sions has been studied in detail by Stanley (1964) who 
showed that, for small errors, the rate of  refinement could 
be related to the average error in the coordinates on the 
basis o f  the figures given by Luzzati (1952) for the residual 
as a function of  error in coordinates and sin 0. 

Tables 1 and 2 give values of  the residual R for centro- 
symmetric and non-centrosymmetric space groups, for 
three-dimensional data, as a function of  the standard devi- 

Table 1. Values of (i)R as a fimction of a(r) and B 
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