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ozone and on the superoxide ion. In the case of ozone,
with rg_o = 1-278 A. Trambarulo et al. (1953) show
the most likely bond order to be 0-5. Magnetic suscep-
tibility measurements suggest (Pauling, 1940) the
superoxide ion contains a three-electron bond,
[0—0]", and thus this bond, with roo = 1-28 A,
should also have an order of about 0-5. The resulting
curve is then very similar to the corresponding or-
der/length curve for carbon.

We would like to thank Prof. A. von Hippel for
his interest in this work.
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The Determination of the Elastic Constants of Germanium
by Diffuse X-ray Reflexion

By S.C. Prasap axp W. A. WoOSTER
Crystallographic Laboratory, Cavendish Laboratory, Cambridge

(Received 24 March 1955)

The elastic ratios ¢,,/c;; and cy/c,; have been measured by the diffuse reflexion of X-rays from a
single crystal of germanium. The values obtained were respectively 0-38 and 0-52. When these
results are combined with the already known cubic compressibility the elastic constants can be
evaluated as ¢y; = 13-3, ¢;, = 51, ¢4y = 7-0x 10! dyne ecm.=2.

Introduction

A crystal of germanium with a circular face of 12 mm.
diameter cut parallel to the (100) plane was loaned to
the authors by Prof. Lark Horowitz, Purdue Univer-
sity, Indiana, U.S.A. The crystal was etched to
remove the imperfection on the surface. This was used
in conjunction with a Geiger-counter spectrometer in
the manner already described (Ramachandran &
Wooster, 1951) to determine the intensity of scattering
from small volume elements of reciprocal space along
lines (rekhas) passing through the reciprocal point
(relp) 400. The rekhas chosen were parallel to [100],
[010] and [110]. The intensity of first-order diffuse
scattering is proportional to the reciprocals of ¢;; and
¢4, for the rekhas [100] and [010] respectively. The
corresponding intensity for the rekha parallel to [110]
is proportional to

1/(c13—C12)+ 1/(C11+C10+2¢44)

Thus, from the measurement on the rekha parallel to
[110] the third constant ¢,, can be determined.

Experimental results

The results of observations along the three rekhas
parallel to [100], [010] and [110] passing through the
relp 400, using Cu K« radiation are given in Table 1
(R is expressed in cm. on a representation of the
reciprocal lattice such that the radius of the reflecting
sphere for Cu Ko radiation is 50 cm.).

Corrections were made for divergence, though only
the y correction exceeds 19%. A correction of 29, was
applied on account of the second-order diffuse scatter-
ing.

The ratios of the elastic constants found from these
results were as follows:

CrofCy = 0-38(1), cyfcy; = 0-52(4) .
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Table 1

I (counts in 5 min.) for rekha
parallel to

R 1/R? [100] [010] [110]
45 0-0494 98 133 139
30 0-111 149 236 235
2-0 0-25 257 434 460
1-5 0-444 401 719 720
1-25 0-64 590 — —
Mean slope of the
straight line 783 1493 1587
Background count 60 60 60

It is estimated that the accuracy of the elastic ratios
is 5%. The compressibility of germanium is obtained
by extrapolating the Bridgman (1949) values to zero
pressure:
B = 12:79x 10712 cm.2 dyne1.
Since B = 3/(cy;+2¢;,) we may combine this value
with the ratios given above to obtain the values
¢ = 1388, ¢, = 51, ¢4y = 7-0x 10 dyne cm.=2.

Bond et al. (1950) and McSkimin (1953), using an
ultrasonic method, have also determined the elastic

constants of germanium and the values obtained were
as follows:
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Bond, 1st crystal 12-92 479 6-70
2nd erystal 12-98 4-88 6-73
MecSkimin 12-89 4-83 6-71

The elastic ratios obtained from these values agree
very well with those obtained in the present investiga-
tion; however, the absolute values are about 49%
higher. The values obtained in the present investiga-
tion, using a frequency of approximately 10, do not
differ significantly from those obtained by the previous
workers at ultrasonic frequencies.

One of the authors (S. C. P.) feels a great pleasure
in recording his gratefulness to the Government of
Bihar, India, for the grant of a research scholarship
and the leave for the period in which this work has
been carried out.
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Precession Goniometry to Identify Neighboring Twins

By GaABRIELLE DONNAY
Geophysical Laboratory, Carnegie Institution of Washington, Washington, D.C., U.S. A.

J.D. H. Donxyay
The Johns Hopkins University, Baltimore 18, Md., U.S. A.

AND VERNON J. HURST
Department of Mines and Geology, Atlanta, Ga., U.S. A.

(Recetved T March 1955)

The two limiting circles which appear on a properly chosen orientation picture, taken with the
precession camera, are used to identify the twin law in the case of neighboring twins.

Whenever the crystal lattice or one of its multiple
lattices possesses pseudo-symmetry, the crystal may
twin (twinning by pseudo-merohedry or by reticular
pseudo-merohedry). If the pseudo-symmetry of the
‘twin lattice’ is pronounced and sufficiently high,
several twin laws may lead to nearly identical orienta-
tions of the twinned individual. The resulting twins
have been called ‘neighboring twins’ (macles voisines,
Friedel, 1926). Because the relative orientation of one
of the twinned crystals with respect to the other is
known to morphologists only within the limits of error
of optical goniometry, the identification of neigh-

boring twins may be a difficult problem, as is well
illustrated by cryolite, staurolite, harmotome, mor-
venite, etc. During a study of staurolite twinning
(Hurst, Donnay & Donnay, 1955), an X-ray procedure
for such an identification was developed. It makes
use of the precession camera (Buerger, 1944).

If reflection in (kkl) is a possible twin law, the twin
is adjusted on the precession instrument so that the
X-ray beam lies in (hkl). The zero level to be photo-
graphed then contains [REl]*. If (hkl) is the twin plane,
[AEL)¥ and [Akl]}; coincide so that [hkl]* shows as a
single row of reflections. (The subscripts I and II



