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INTRODUCTION

AN X-ray study of the structure of silver mercury alioys was carried out
by one of us in earlier years?, 2 Specimens of alloys were then prepared
by different methods. Single crystals of the 7-phase of the silver mercury
system were also grown. These were studied by X-ray methods and the
structure investigated. The growth of such single crystals of the 7-phase
silver amalgam does not appear to be studied by any one previously. Powder
speeimens of silver mercury alloys prepared by different methods were also
studied under heat treatment and phase variations observed. ]t was found
that in general there exist two phases, the a-phase corresponding to a facecentred structure and the 7-phase with a body centred cubic structure at
ordinary temperatures. The phase changes over to a close-packed hexagonal
phase fl at about 80 ~ C. These transformations have been fully discussed
in the earlier papers. The results of the earlier crystal structure investigations
are given in Table I for comparison with our present results.
TABLE I

Phase

Strueture

Lattice
constant
a in Angstroms

Axial
ratio

a

F.C.C.

4.181

..

fl

H.C.P.

2.98

1.62

y

B,C.C.

10-10

..

cia

The formula Ag~Hg4 has been suggested for the 7-phase single crystal.
The crystal belongs to the space group 0~ 9 with 8 molecules in the unit cell. 1
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At the time of the previous investigation it was observed that the single crystal
of the ?,-phase crumbles to powder on strong heating inside a sealed glass
tube. This has been investigated further in the present paper by a study
of the X-ray diffraction patterns of the single crystals at various stages of
heat treatment.
Sykes and Jones a have observed that when certain single-phase alloys
are cooled flora high temp~rature, thcy undcrgo transformation consisting
of a change from random distribution of atoms among the atomic sites to
ah ordered one. The present paper describes observations made when single
crystals of the ~,-phase of silver mercury alloy ate heated to definite temperatures
and gradually cooled. Above a certain temperature the single crystals
become completely polycrystalline and much below that temperature some
further interesting changes also take place. A complete study of these
changes has been conducted and described in this paper.
2.

EXPERIMENTAL

Single crystals of the y-phase of the silver mercury alloy were grown
in the following way. A crystallizing dish containing a drop of mercury
was filled with a solution of approximately N/50 AgNO3 solution and the
contents left undisturbed during the growth. Long, needle-like, six-faced
single crystals begin to grow out of the mercury. Ir is interesting to note a
few observations made by us during the growth. The mercury ions creep
along the surface of the crystals already formed and are thus responsible
for the elongated growth. The supply of silver ions from the solution
involves some transport process by which ions diffuse into the lattice of the
silver mercury crystals. Large numbe~s of these crystals originate flora a
cammon point and thereafter spread out from the mercury pool within a
cone so that the growth appears fan-like (Plate X1V Figs. I, and 2). The
length of" these crystals vary from a few mm. to about 5 cm. The individual
crystals are rhombic dodecahedra distortcd by elongation along the (111) axis.
In addition to the long needle-shaped crystals, small almost perfect rhombic
dodecahedra also sometimes appear.
The small crystals were picked up very carefully, washed, dried and
kept in small specimen tubes. These were heated in an oyen (with an automatic switching arrangement) for a period of two hours. The maximum
temperature of the oven was set to different values in different cases. The
crystals gradually cooled to the room temperature, after the oyen was set
to different values in different cases. The crystals gradually cooled to the
oom temperature, after the oven was switched off.
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For each single crystal specimen a rotation pattern about the (111) axis
was obtained using a Seifert camera of diameter 57.2 mm. and CuK~ radiation of wavelength 1-542 A. Between room temperature and 115 ~ C. it
was found that the patterns obtained in the photographs could be classified
into three types, viz., (a) a single crystal rotation pattern, (b) a diffuse powder
pattern supelposed on a rotation pattern and (c) a sharp powder pattern.
Ir is found that (a) is present below 70 ~ C. On heating further the diffuse
pattern first comes up and then a gradual change occurs to a completely
polycrystalline powder pattern. The photograph taken in the range of about
75-100 ~ C. consists of a few diffuse lines as well as layer line spots. These
diffuse lines become sharper and sharper as 'the temperature increases and
finally at about 115 ~ C. only the sharp Debye Scherrer lines appear. The
photograph at this stage is exactly comparable with a photograph of the
powdered v-phase crystal taken at room temperature.
Four typical X-ray diffraction patterns are reproduced in Plate XV,
Figs. 3-6. Figure 3 is the pattern obtained from a single crystal speeimen
heated to 60 ~ C. for about two hours and allowed to cool gradually by shutting
off the furnace. It is seen that this is very much the same as the single crystal
rotation pattern. Figure 4 is a pattern obtained on heating a single crystal
specimen to about 78 ~ C. and cooling in the same way as before.
In this photoglaph we notice a number of diffuse lines present in pos!tions corresponding to those of a powder photograph superposed on the
remnants of the previous rotation pattern. Figure 5 is due to heating a
single crystal specimen to 105 ~ C. and cooling in the same way as before.
In this the diffuse lines have become very sharp while a few remnants of the
rotation pattern still remain. Finally, Fig. 6 is a sharp powder pattern
obtained from a single crystal heated to 115 ~ C. and cooled as before. From
a study and measurement of such photographs we find that the diffuse and
powder patterns are identical with the Debye Scherrer ring pattern of the
powdered single crystals of the 7-phase of the amalgam. Also, the rotation
pattern present in the photograph is identical with a rotation pattern of the
unheated single crystal, except for the fact that the spots in the pattern tend
to be less sharp and defined at higher temperatures than in the unheated
specimen. In these photographs no lines other than those of the powdered
v.phase have been observed.
Lattice constants we~e obtained from measurements made on the photographs after applying the. Nelson-Riley correction. The results obtained
are given in Table II,
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TABLE II
Nature
of the
specimen

Temperature
~

Type of the
pattern and
No. of lines

Lattice
constants
in A

Single crystal

..

78

Diffuse lines plus Rotation pattern.
About 5 diffuse lines

9.420

Single crystal

..

86

Sharp diffuse lines plus Rotation
pattern. About 9 sharp diffuse lines

9.535

Single crystal

..

115

About 40 sharp lines

10.060

Powder crystal

.. Unheated About 40 sharp lines

10.030

The width of the lines, particularly in the diffuse pattern, have been determined using a sensitive photometer. The average crystal size D was calculated using the formula 4

B=b§

cos 0

where
k = 2 V' (rr-1 loge 2)
B is the measured hall intensity angular width,
20 is the angle of diffraction,
b is the angular ~vidth due to the specimen thickness, and ?, the
wavelength of X-rays used.
The results obtained for two typical temperatures, namely 78 ~ C. and 86 ~ C.,
are given in Table III.
TaBLE III
Temperature ~
78

86

a in A

B in cm.

Din A

321

9.426

0.120

31.75

440

9.348

0.175

22.15

420

9.484

0.090

69.02

620

9.493

0.120

49.42
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DISCUSSION OF RESULTS

From the nature of the photographs it is clear that a singlr crystal oŸ
the 7-phase amalgam gradually breaks up and becomes polycrystalline.
In the initial stages of heating, round about 75 J C., the single crystal rotation
pattern gradually changes over to a diffuse powder pattern. Measurement
of the width of the diffuse rings (Table III) indicates that the size of the crystallites giving the pattern ranges between 30 and 70 A. At this stage the single
crystal rotation pattern also remains. From this it is concluded that in a
single erystalline lattice, occupying the complete dimensions of the crystal,
certain smaller" domains" ranging in size between 30 and 70 A. are formed.
The orientation of the lattices in these domains are random leading to a
diffuse powder photograph. Further heating causes these domains to grow
larger and larger at the expense of the original lattice.
This results in increased sharpness of the powder pattern lines and
gradual disappearance of the single crystal rotation pattern. The results
in Table I indicate that the lattice constant corresponding to the sharp powder
pattern (10.06)~) agrees closely with the previousresults. 1, ~ But however
the lattice constant obtained from the measurements of the diffuse lines
is slightly less than the above value.
Further, in the earlier stages of heating only a few lines corresponding
to strong reflections with Ÿ
(321), (422), (440), (620), (633) appear. All
the remaining powder pattern lines develop later on further heating. Complete
disappearance of the single crystaI rotation pattern occurs beyond 105~ C.
from which it is concluded that the lattice ehanges over to a polycrystalline aggregate at this stage.
Anomalous line broadening ofX-ray powder patterns have been observed
and studied by various workers. 3-8 Barrett 8 has suggested that structural
irregularities may be introduced in metallic lattices during plastic deformation or phase transformation. Following this, measurement and interpretation of faulting indicated by the above type of line-br£
has been
carried out in a few f.c.c, and h.c.p, metals and alloys. There is clear evidence for profuse and complex faulting in many of these.~ We have however
observed a similar line-broadening influeneed by temperature in single crystals
of one phase of the Ag-Hg system.
The following explanation of the patterns obtained can be given in the
light of our results and the studies on faulting carried out by earlier workers.5-8
The crystals originally grown frora the mercury globule in the silver nitrate
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solution have some type of faulting developed during growth. This faulting, however, is not sufficiently serious to totally affect the rotation pattern.
On heating, the faults develop and forro larger randomly orientated
"domains ". These domains become nuclei for the growth of crystallites.
These growing crystallites belong to the ~-phase only until higher temperatures
above about 80 ~ C. are reached. At this stage Ÿ addition to growth a phase
transformation may also take place progressively. At still higher temperatures this process continues until finally the domains grow at the expense
of the original lattice into randomly orientated crystallites of the other phases,
mainly ti.
On cooling, the structure will be polycrystalline or otherwise exactly
similar to what it was when heating was stopped but the unstable fl-phase
changes over to the y-phase which is stabler at lower temperatures. ~ The
growth of the domains may be similar to ah ordering phenomenon usually
experienced in binary alloys, s
SUMMARY

Single crystals of the ~,-phase of the system Ag-Hg have been grown
from a globule of mercury immersed in a su[table solution of silver nitrate.
The effect of heat on these crystals has been studied by taking X-ray diffraction patterns. It is found that on heating the crystals, the single crystal
rotation pattern develops diffuse rings of a powder pattern. On further
heating, these rings develop into a sharp complete powder pattern while
the rotation pattern disappears. Results ate explained as due to the faulting
" d o m a i n s " in the crystal growing bigger and bigger. On heating further,
the domains grow into randomly orientated crystallites at the expense of
the original latt~ce. It is likely that crystallites may develop into the fl-phase
amalgam at temperatures beyond about 80 ~ C. and retransform to the y-phase
on cooling.
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