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Moiré pattern produced by electron bombardment of a molybdenum trioxide single crystal. By P. K. Garg,
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A single crystal of molybdenum trioxide bombarded by an intense beam of electrons in an electron micro-
scope developed a new internal structure showing localized fringe patterns in different parts. The pheno-
menon is explained as being the result of recrystallization of MoOs3 up to only a certain depth in the crystal.
The fringe pattern is a rotation moiré fringe pattern resulting from a slight misorientation. This interpreta-

tion is confirmed by selected area diffraction patterns.

During an electron microscopic study of molybdenum tri-
oxide crystals obtained from the vapour produced on heat-
ing molybdenum metal in air, an interesting phenomenon
has been observed.

A single crystal of MoQOj; was selected and its diffraction
pattern was recorded; only the second condenser lens was
on in this case and it was considerably overfocused. In
order to record the transmission micrograph of the crystal
at high magnification the first condenser lens, which was
pre-set at a current useful for high resolution electron micro-
scopy, was also switched on. When the first condenser was
switched on the beam intensity at the specimen suddenly
passed through a maximum and the image became very
bright. The crystal of MoOj; (which was previously almost
uniformly transparent and a single crystal) developed a new
internal structure, while the outline of the crystal remained
exactly the same. This irradiated crystal gave a diffraction
pattern composed of diffraction spots each of which was
split into several closely spaced spots (Fig. 1). This indicated
that the surface of the crystal had recrystallized and that
the crystallites so formed were misoriented by only small
angles.

The corresponding electron micrograph shows a moiré
fringe pattern (Fig.2). The fringes can be seen to be local-
ized at different parts of the crystal and have variable fringe
widths and orientations. Since a moiré pattern can only
be obtained from two overlapping crystals, a possible ex-
planation for the present case is that there was recrystal-
lization only up to a certain depth in the crystal. The moiré
pattern is then the result of the slight misorientation be-
tween the parent crystal and the newly formed crystallites.

It has been reported by Hashimoto (1954) that electron
irradiation can change the chemical composition of a crys-
tal. A new oxide of molybdenum might have been formed
up to a certain depth of the parent crystal. This possibility
is ruled out, however, by the electron diffraction pattern
of the irradiated crystal. None of the oxides of molybdenum
have a lattice vector which is close in magnitude to that
of MoOjs (Pearson, 1967). The presence of these oxides
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would produce diffraction spots at significantly different
radial distances from those of the parent oxide. In the
present case the irradiation-produced spots are found to
be simply displaced by small angles, which corresponds to
there having been no change in the lattice vector. More-
over, of the secondary diffraction spots, at least two (marked
with arrow) can be seen clearly around the direct-beam spot,
which is characteristic of a rotation moiré pattern (Dowell,
Farrant & Rees, 1956).

The minimum fringe-width observable is about 20 A and
the maximum angle of rotation between two spots in the
diffraction pattern is about 10°, The fringe width of a moiré
pattern produced by two overlapping MoOj3 crystals in the
(010) orientation and with an angle of misorientation of
10° can be calculated to be of the order of 20 A. This con-
firms that the moiré fringes are a result of overlapping
MoOs crystals and not attributable to other causes. Since
the external features of the crystal are unchanged, this again
confirms that recrystallization has taken place only up to
a certain depth of the parent crystal. It is known that MoO3
vapour-condensed crystals are not always perfect and often
have a lineage structure (Heidenreich & Sturkey, 1945).
It is possible that these crystals are in a state of strain as
a result of warping or other causes and that the stresses
are locally partially relieved by thermal activation from the
electron beam. The recrystallized regions apparently show
epitaxy with the crystal lattice of the parent crystal.
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Statistical variance of line-profile parameters: Addendum. By A. J. C. WiLsoN, Physics Department, The Univer-
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The covariance of a Fourier sine coefficient with a Fourier cosine coefficient takes three different forms,
depending on whether the order of the sine coefficient is less than, equal to, or greater than that of the cosine

coefficient. Explicit formulae are given.

Roof (1969) has pointed out that the expression given by
Wilson (1967, equation 117) for covet (Am, Bx), the covari-

ance of the Fourier sine coefficient of order » with the
Fourier cosine coefficient of order m, is not valid for n=m.



ACTA CRYSTALLOGRAPHICA, VoL. A25, 1969— GARG, KUMAR AND BHATTACHARYA PLATE 52

- -

\ 010

Fig.1.

Fig.2.

[To face p. 584



