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Abstract

The amplitudes and intensities of electron waves
diffracted from a Ti-14 wt% Mo alloy of B-phase
containing w-phase slabs of various thicknesses and
at different depths were calculated. The intensities of
the forbidden reflections 1/3 121, 2/3 121 and 121
from the w,-phase, which is one of the four variants
of the w-phase, are less than 1.0 x 107 % even for a
thickness of 40 A. However, when an w,-phase of
that thickness is included in a crystal of the B-phase
at a depth of 80 A, the intensity of the forbidden
reflections increases to about 1.0 x 1072 at the
bottom surface of the w,-phase. The amplitudes of
the 101 and 2/3 121 waves are proportional to the
distance of the w,-phase from the top surface and the
thickness of that in the B-phase, respectively. When
w;- and w,-phases overlap in the B-phase, extra
spots such as 1/3 101, 2/3 101, 1/3 020 and 2/3 020
are excited at the top surface of the lower variant.

1. Introduction

Since the first observation of the w-phase formed in
aged Ti—Cr alloys (Frost, Parris, Hirsch, Doig &
Schwartz, 1954), many studies using electron diffrac-
tion patterns and electron microscope images have
been reported in other alloy systems (de Fontaine,

0108-7681/92/050622-063$06.00

Paton & Williams, 1971; Sass, 1972). Sukedai &
Hashimoto (1989) showed that the projection of the
w;- and w,-phases on the (101) plane has an ellip-
soidal shape by taking the dark-field images from
corresponding diffraction spots. However, the {111}
cross section which is perpendicular to the line of
apsides of the projected w-phases within a B-phase
has not been studied directly. Even with the cross-
sectional observation technique (Marcus & Sheng,
1983), which can be carried out by cutting the speci-
mens in the preferred direction with a diamond saw
after molding with epoxy resin and then thinning by
ion milling, the structure of the cross section could
not be investigated. This is due to the fact that, in the
cross-sectional direction, the w-phases concerned do
not produce any characteristic diffraction spots, or
any contrast in the electron microscope images
because the displacement vectors of atoms b, which
produce the w-phases, become parallel to the inci-
dent beam. However, calculations of the diffracted
wave intensity and of the image contrast in the [101]
direction as a function of the thickness and the depth
of the w,- and w,-phases can be used to estimate
their thicknesses and positions, and also to under-
stand the mechanism of the appearance of the for-
bidden reflections.

In this paper, the intensities of diffracted waves for
specimens with various types of combination of w-

© 1992 International Union of Crystallography






624

for thicknesses less than 10 A. These results suggest
that the forbidden reflections appear when the
thickness of the w,-phase is greater than 75 A. The
amplitudes of these diffracted beams increase grad-
ually and then decrease with increasing thickness of
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Fig. 2. Classification of electron diffraction spots.
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Fig. 3. Calculated amplitudes of the forbidden reflections from the
w,-phase.

ELECTRON WAVES DIFFRACTED FROM Ti-14 wt% Mo ALLOY

the w,-phase. The above discussion for the w,-phase
can be applied to the w,-phase by changing the
indices from Akl to hkl. In the case of this incident-

Top surface

B-phase 90 A

w,-phase 20 A

B-phase 90 A

Fig. 4. Cross section of the B-phase containing the w,-phase slice.
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beam direction, the diffraction patterns for the ws-
and w4-phases are the same as for the B-phase,
because the displacement of the atoms to form the
w;- and w,-phases cannot be detected in this orienta-
tion, and the projected structure becomes almost the
same as that of the B-phase.

Fig. 4 shows the cross section of the model struc-
ture of a B-phase containing the w,-phase slab of
thickness 20 R Fig. S shows the variation of ampli-
tudes against the depth measured from the top sur-
face of the model specimen. The characteristic spots
2/3 121, 1/3 121, 2/3 111 and 1/3 141 appear at 90 A
in depth and their amplitudes increase rapidly,
especially the amplitudes of the 2/3 12T and 1/3 121
diffracted waves, which show a noticeable increase in
comparison with the behavior shown in Fig. 3. This
seems to be due to the effect of scattering in the top
B-phase. However, the increments of the amplitudes
of the characteristic reflections become small at a
depth larger than 110 A. These results suggest the
following two facts. Firstly, the amplitudes of these
characteristic spots are excited only in the w,-phase
and even after passing through the w,-phase they still
increase in the bottom B-phase. Secondly, even when
the w,-phase is only a few angstroms in thickness it

200 (A)
Fig. 6. Behavior of the amplitude of the T0T wave.
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may produce noticeable intensity in these four dif-
fracted beams. These characteristics do not change
even when the w,-phase slab of thickness 20 A is
located at depths of 4, 3 and 3 of the total thickness of
the B-phase of Fig. 4, with the exception that the
amplitude of the 2/3 111 beam decreases after enter-
ing the bottom pB-phase for the case when the
w,-phase is located at a depth of 3 of the total
thickness.

Fig. 6 shows cases where the w,-phase slab in the
B-phase is located between the two arrows. By com-
paring these three figures, it is seen that the ampli-
tude of the T0T diffracted beam at a depth of 200 A
is proportional to the depth of the w,-phase slab with
a proportionality constant of 9 x 1072,
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Fig. 7. Behavior of the amplitude of the 2/3 121 wave for w,-phase
thicknesses of (a) 20, (b) 40, (c) 60 and (d) 80 A.
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w,-phases in the B-phase (Sukedai, Hashimoto &
Tomita, 1991) which can be expressed by the model
shown in Fig. 8. In this model the B-phase contain-
ing only w;- and ws-phases gives the diffraction
pattern for the B-phase only. Thus, if the w,-phase in
their model is replaced by the w,-, w;- or ws-phase,
the calculated diffraction patterns are similar to
those calculated for the model shown in Fig. 4. The
extra spots were observed for a specimen aged for
28 h (Fig. 9) in which the well developed w-phases
are superimposed in the manner of the model. Fig.
10 shows the amplitudes of the characteristic and the
extra diffraction spots for the model specimen and
the arrows indicate the phase boundaries shown in
Fig. 8. The intensities of the extra spots appear from
the top surface of the w,-phase and the intensity of
the 1/3 T0T beam is weaker than that of the 2/3 101
beam. This tendency does not change with the pOSl-
tion of the w;-B-w, sandwich at depths of 4, 1and }
of the total thickness. This does not agree with the
experimental result shown in Fig. 9 and it seems to
be due to the difference in the number and modes of
the sandwich realized in the specimen. There are also
some intensity asymmetries in hk/ and hk/ in Fig. 10.

Acta Cryst. (1992). B48, 627632

627

This may be due to differences in the superposition
sequence of w,- and w,-phases.

The authors thanks are due to Mrs Y. Li for her
help in taking the photograph (Fig. 9) and to Dr M.
J. Whelan, FRS, for reading the manuscript.
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Abstract

Photoisomerization in [Co(NH,);NO,]Cl, has been
investigated by single-crystal X-ray diffraction: M, =
261.0, monoclinic, C2/c, Z=4, D, =183 Mgm 3,
A(Mo Ka)=0.71073 A, w =235mm™', F(000)=
536, T=116K. Before illumination with an Xe lamp,
(Ia), a=10.176 (2), b=18.692 (1), c=10.746 (2)

B =9545(2)°, V=946.2(3) A3 R=10.028 for 1263
observed unique reflections. After illumination with
an Xe lamp for 40 min, (I6), R =0.042 for 1216
reflections. After illumination for 150 min, (Ic), R =
0.062 for 730 reflections. Variation of the lattice
constants was less than 0.6%. Nitrito coordination,
induced by photochemical reaction, was detected on

* To whom correspondence should be addressed.
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electron density maps and the populations were
refined to (I6) 8.9 (5)% and (Ic) 14.5 (8)%. Thermo-
dynamical linkage isomerization in [Co(NHj)s-
ONOICl,, (II), was reinvestigated based on the X-ray
intensity data measured by Grenthe & Nordin [/norg.
Chem. (1979), 18(7), 1869-1874]. Linkage isomeriza-
tion occurs in the original plane of NO,; in (I).
However, the nitro plane is inclined during iso-
merization of (II) because of steric hindrance to
rotation in the original plane.

Introduction

The nitrite ion is ambidentate and coordinates to
metal atoms via an oxygen, nitrogen or two oxygen
atoms (Finney, Hitchman, Raston, Rowbottom &
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