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A Study of the Ordered Structures of the Au—Mn System by High-Voltage—High-
Resolution Electron Microscopy.
I. Two-Dimensional Antiphase Structure of Au,;;Mng Based on the Au,Mn Structure
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Abstract

A new two-dimensional antiphase structure, Au;Mn,,
was determined directly from high-voltage—high-
resolution electron microscopy on a Au—20-7 at.% Mn
alloy. The space group is P4/m and the unit cell is
tetragonal having the lattice constants 4 = \/l_Oa and
C = a, where a ~ 4-0 A is that of the fundamental f.c.c.

0567-7408/80/112550-05$01.00

cell. Satisfactory agreement can be obtained between
the observed images and the calculations based on
many-beam dynamical-diffraction theory. The pro-
posed superstructure consists of square-shaped islands
of the Au,Mn structure of Ni,;Mo type containing 3 x 3
columns of manganese atoms; the islands are separated
by two-dimensional antiphase boundaries parallel to the
[310] and [130] directions of the fundamental f.c.c.
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Table 2. Parameters used for image computation

Accelerating voltage 1000 kV
Spherical aberration coefficient 11 mm
Defocus due to chromatic aberration 300 A
Value of defocus 1100 A
Objective aperture radius 0-55 A1
Crystal thickness for one slice 8.0A
Number of beams 128 x 128

Table 3. Calculated intensities of HKO reflections of
the Auy Mn, structure

HKO 1 HKO 1 HKO 1 HKO 1
010 <1 210 2 410 9 610 76
020 2 220 2 420 2 620 1
030 98 230 100 430 8 630 1
040 2 240 2 440 2 640 1
050 2 250 <1 450 <1 650 <1
060 2 260* 8699 460 1 660 1
070 <1 270 <1 470 <1 670 4
110 <1 310 44 510 39 710 14
120 <1 320 9 520 8 720 <1
130 22 330 43 530 35 730 <1
140 <l 340 2 540 71 740 <1
150 <l 350 <1 550 14 750 <1
160 <l 360 <1 560 56 760 <1
170 <l 370 <1 570 21 770 16

* This spot is the fundamental reflection 020 in terms of the
indices of the basic f.c.c. structure.

indicates that the image contrast is affected mostly by
the phases of superlattice reflections rather than
fundamental ones. Some details of the image contrast
have been discussed in our HVHREM work on Au—-Cd
alloys (Hirabayashi, Hiraga & Shindo, 1980).

To confirm the determined structure, the diffraction
intensities are calculated from the above model and
compared with the observed electron diffraction pat-
terns. The calculated intensities of HKO reflections are
listed in Table 3, in which Doyle & Turner’s (1968)
atomic scattering factors of Au and Mn for electrons
are used. Satisfactory agreement is obtained between

THE ORDERED STRUCTURES OF THE Au-Mn SYSTEM. 1

the calculated and observed intensities of diffraction
spots.

In the proposed model of Fig. 5, we note that the
Au; Mn, structure is composed of square-shaped
islands of the AuMn structure (Ni,Mo type), which
are separated by the 2d-APB parallel to the [310] and
[130] directions. The atomic arrangement in the
2d-APB is isomorphic with that of the DO,, type.

The Au,;Mn, structure is found in the narrow
composition range near 20-5 at.% Mn and coexists
sometimes with the AuMn structure. This is con-
sistent with the fact that the Mn content of the
Au, Mn, structure (22-5 at.%) is slightly higher than
that of the alloy examined. At higher Mn com-
positions, another type of 2d-APS appears, which is
composed of parallelogram-shaped islands of the DO,,
structure interconnected by the APB having an atomic
arrangement isomorphic with that of the Au,Mn
structure. Detailed studies on the structure model of
this 2d-APS and the existence range of various
superstructures will be reported in part II of the study.
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