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Conclusion

The interpretation of their observations given by Kaul &
Saxena (1977) is, in our opinion, to be dismissed entirely.
The experiments reported correspond to the oxidation of the
hydride LnH, (Ln = Dy, Er) into the C-type sesquioxide
Ln,0, (Ln = Dy, Er). They ignore the high gettering power
of rare-earth-metal thin films, which causes the formation of
chemical compounds other than the oxides.
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Determination of electronic polarizabilities of ions in orthosilicates. By D. PoHL, J. C. Eck & K.-H. KLASKA,
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Republic of Germany

(Received 16 March 1918; accepted 4 July 1978)

Electronic polarizabilities of cations have been obtained for the sodium D line (in A%): Mg?* 0-1, Fe2* 3.3, Zn?* 5.4, Zr**
4-6. The polarizability of the O?- ion varies from one structure to another. It has been shown that calculation of electronic
polarizability is possible only if an accurate structure refinement is available.

Recently, a method of determining electronic polarizabilities
of ions in crystals has been given by Pohl (1978). If both
optical and structural data are available, polarizabilities can
be obtained for the ions composing the structure of a doubly
refracting crystal. This method has been applied to ortho-
silicates containing just one type of cation: Be,SiO,,
Mg,Si0,, Fe,SiO,, Zn,SiO, and ZrSiO,. In applying the
method, it is assumed that the polarizability of the Si** ion is

negligible compared to that of the other ions. Since this
assumption does not hold for Be,SiO,, this compound was
assumed to contain only one type of polarizable ion, namely
O?~. Refractive indices were obtained from the compilation
by Winchell & Winchell (1964). On the basis of recent
structural data (see references in Table 1) electronic polariz-
ability values for 4 = 5893 A (sodium D line) were
computed. The results are given in Table 1. For comparison,
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Table 1. Orthosilicates: electronic polarizabilities of ions

(in A%)
(eation
cation (Present

Cation  (Pauling)  paper) ag-  Refinement
Be* 0-1 - 16-9 (a)
Mg+ 1.2 0-1 19-8 (b)
Fe* - 3.3 23-8 b
Zn*t 3-6 5-4 21-8 (c)
Zr*+ 4.7 4.6 22.0 (d)

(a) Zachariasen (1971). (b) Birle, Gibbs, Moore & Smith (1968).
(¢) Klaska, Eck & Pohi (1978). (d) Robinson, Gibbs & Ribbe
(1971).

Pauling’s (1927) polarizabilities of Be?*, Mg?*, Zn?** and
Zr** are also given.

The agreement between the cation polarizabilities from
Pauling’s (1927) work and those from the present paper is
passably close. For the polarizability of the O?-, there is no
value common to all orthosilicates.

When we first applied our calculations to willemite
(Zn,SiO,), we used the structure refined by Chin’Hang,
Simonov & Belov (1970). On the basis of this structure,
however, we were unable to evaluate polarizabilities. For
example, if we assumed reasonable values for the polariz-
abilities, the calculated birefringence was negative, while
experimentally it was positive. On the other hand, we
obtained the correct sign for the birefringence of phenacite
(Be,Si0,), which is isostructural with willemite. Since the
calculated refractive indices depend strongly on the shortest
distances between highly polarizable ions, we doubted that
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the refinement of willemite had yielded accurate or nearly
accurate coordinates. The rather unusual Si—O bond lengths
determined by Chin’Hang, Simonov & Belov (1970)
strengthened this doubt. Fortunately, a hydrothermally
grown single crystal of willemite was available to us. We
therefore decided to refine this structure for our use. The
results of our refinement are given in a separate paper
(Klaska, Eck & Pohl, 1978). The coordinates of the re-refine-
ment allowed a superior calculation of the desired polariz-
abilities to be made. Thus, it has been shown that accurate
coordinates are necessary to evaluate refractive indices from
structural data. Conversely, in special cases calculation of
optical properties can serve as a test for the accuracy of a
structure refinement.
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High-flux micro-resonators for X- and y-ray lasers. By W. A. DENNE,* CSIRO, Division of Chemical Physics, PO
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It is shown that a small single crystal may resonate at a wide range of X- and y-ray frequencies. Such a resonator should
produce roughly 10!! times greater radiative flux density per photon than previous designs.

A high-flux resonant cavity is an essential component of a
successful continuous-wave X- or y-ray laser. A number of
such devices have been described by various authors (Bond,
Duguay & Rentzepis, 1967; Cotterill, 1968; Deslattes, 1968;
Kolpakov, Kuz’min & Ryaboy, 1970; Navasardyan, 1973).
In each case the operation depends on a series of Bragg
reflexions from large perfect crystals, and, in the main, these
devices have planar or near-planar X-ray paths. Such a
configuration suffers from a number of disadvantages, which
may be listed as follows:

(1) It is difficult to design such a device with a resonant
volume of less than a few tens of cubic millimetres. This

* Present address: 2 Draycott Road, Southmoor, Oxford,
England.

implies relatively low radiative flux densities which in turn
reduces the possibility of stimulated emission.

(2) Losses in the reflectors are additional to losses in the
active medium and therefore represent an unnecessary
inefficiency.

(3) Divergence of the beam at right angles to the
diffraction plane is not unduly restricted; this leads to a
progressive reduction in the radiative flux density.

(4) Multiple scattering is likely to be a severe source of
loss, especially for almost symmetric crystals and short
wavelengths; this appears to have been ignored in earlier
work.

(5) The machining and precise alignment of large perfect
crystals is not a trivial task.

Most of these problems may be overcome by generating



