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Abstract

Mectallic silver deposited by a solution of silver nitrate by putting a small picce of
copper into it, has a fibrous structure, the common axis of which is 110 and makes an angle
of 30" with the direction of the deposited siver, The micro-crystals show a rotation
about this axis with an angle of some £11° As the (111) planes of the silver-crystal
lie roughly parallel to the flat surfaces of the deposited metal, the dircction of the
growth of the deposited silver lies ncarly parallel to the (112) axis.

Though the arrangement of the micro—crystals in clectro-deposited
metals have already been studied by many investigators, nonc of the
metals deposited from their salt solutions by the difference of electrolytic
solutional pressures have yet been examined. The writer has investi-
gated, in the present experiment, the metallic silver which was deposited
by a solution of silver nitratc owing (o the presence of a picce of copper
in it.

Specimen.

‘When we put a polished copper wire into a solution of silver nitrate
the copper is covered, at the beginning, with black-coloured silver, which
changes into grey with a further deposit, and after a few hours we can
detect many long flat and acicular pieces of silver of the length of
several mms, which are covered with smaller pieces branching off at
an angle of about 60,
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The writer prepared many pieces of such deposited silver from  the
solution of the following three different concentrations: 0.3%, 0.6%
and 2—4% in weight. We shall call the specimens obtained from thesc
different solutions, Ag A, Ag A, and Ag A; respectively.

Experimental Results.

Ag A, —A specimen of the maximum breadth of o7 muns. and
of a length of 38 mms. was obtained in this casc. This specimen
reflects light in many different directions as regularly as a single crystal
of metal. If we project the directions of the normals of those reflecting
plancs in the stercographic projection, we get Ifig. ra. Where the pole
P is the projection of the dircction of the normal of the flat surface of
the specimen, and the direction PG is parallel to the direction of the
growth of th: specimen (acicular axis).

Iig. 1a Fig. 1b

54 is common to 0 and X

On the other hand, the stercograph’c projection of the normals of
various atomic plancs of the cubic crystals, when one of its [111] axes
is taken as thc pole, is shown in Iig. 1h. Comparing these two figurces,
we know that Tfig. 1a consists of two sels of points: the one represented
by the small circles is identical with the same sct in Tig. 1h, and the
other. represented by the crosses, is the same as that obtained by
rotating Fig. 1b through an angle of 180° about P. This fact seems to
suggest that the surface normal of the flat surface of the specimen
corresponds roughly to one of the [111] axes of the crystal, and the
direction of the growth roughly to one of the [112] axes.

Under a microscopic cxamination, the specimen shows an aggrega-
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tion of micro-crystals, with about o.01 mms, in diameter. Every one
has several faces which reflect light regularly in different directions,
Now the Laue—photographs were taken by using a molybdenum
target. In doing so the direction of the growth of the specimen was
set vertically, and the horizontal beam of the x-rays was made to
strike the specimen in the direction perpendicular to the flat surface.
Fig. 2, Plate 1 is the reproduction of the photograph thus obtained,
and it consists of six principal radiating bands which make an angle
of 60° with one other, and which are provided with the K spectra of
molybdenum. The writer could easily find from this photograph that
the common axis of the fibrous arrangement of the micro—crystals
is the [110] axis of the crystal. The observed angles between the
directions of the common axis (denoted by an arrow in Fig. 2 Plate 1)
and the lines drawn to the position of the K spectra on various radiat-
ing bands from the central spot are compared with the calculated values
in Table I, and we see that the observed values agree fairly well with

Table T those calculated, The absence of

_ several bands on the photograph

I:fdﬁfcs « % s Band seems to show that the fibrous

_plane _:?Ef + - structure corresponds to that of

3Lz 30" | 39 incomplete rotation, In order to
111 31° 30° 3% I

) estimate the angle of rotation of
111 | 34° 20

the micro—crystals, let us consider
band IV in Tig. 2, Plate T ((111)

100 | 44° 10
330 | 450 200 | 50° | 48° I

1o | g0 g0l plane, a=090°). If we consider the
3| 630 30 ideal arrangement of the micro-
3311 6oe g0t | g | 7o° M1 crystals without aay rotation, as is
11 | goe 90° | go° v suggested in the case of Fig. 1a,
100} go® one of the (111) planes of the
3tL] 9o 90° | 90% | IV crystal is parallel to the surface of
3L 90 the specimen, and the other one
S?i IIO: 36: R e of the (x11) planes which is re-
flo i:(;c fz, sponsible to the band IV in Fig. 2,
331 | 1340 40 | 130 | 1320 | VI Plate I, makes an angle 19°30’
100 | 135> 50! with the incident beam of the x-
EIT ) 145° 40 rays. On the other hand, for the
11T | 149° 146° | 152° | VII same atomic planc of the crystal,
30 153° 152° | 149° VII

the glancing angles for Mo Ka arc

8%0" and 17°30, respectively, for the first, and for the second order
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spectra.  So the reflection of the first order spectrum of Ka of
Mo will occur when the micro~crystals are rotated by the angle
19°30’ —8°40'=10%50", from the ideal arrangement above mentioned. In
all the photographs obtained by the writer, the first order spectrum of
the Ka linc was just detected; and thercfore it seems to be natural to
estimate the angle of rotation of the micro—crystals about the axis of
the fibre as ==11° ‘

If we draw the curves under the above considerations we get Ifig.
2a, Ifrom the fact previously mentioned, in the case of Ifig. 1a about
the reflection of light, at last we reach Ifig. 2b, in which are combined

Comman Fig. 2a, and the same one
o]

. AXES rotated through 180° in the
\ n ')3‘

plane of the paper. The
general features of Ifig. 2b
are in fine accordance with
Fig. 2, Plate I,

The above results may
be stated in short, thus,

i
that the micro—crystals have
two ideal orientations as
shown in Ifig. 3, cach one
100 being obtained from the
other by rotaing it through
" " 180° in the plane of the
Fie. »a paper. In these two ideal
Fig.
. . 334
orientations, each one’ has Common
axis "

~

onc of the [111] axes in
the direction parallel to the
normal of the flat surface

"

of the specimen, and one
of the [112] axes in the
direction of the growth; N\ —_—
and the micro-crystals are \
arranged in a fibrous struc-
turc rotated through +11°
about the common axis
[110} from the two ideal
orientations above men-

"

tioned,
Ag A, —These speci-
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[ 117 . . {2 .
. 3 direction of the axis 0193 B divection of the
axnslof growth of the of the growth of the
the fibre. crystal fibre, crystal.

[lnj

ditection
of the surface
normal

direction of the surface normal.
Lig. 3

mens were the same as Ag A, in light-reflection and in the ILaue-
photographs (Tig. 3, Plate T). Tn this case, however, “having got good
specimens branching off at 60°, Taue-photographs were taken of each
branch; and it was seen that they were the same as Tig. 3 Plate L

From the fact that the
direction of the growth is
nearly parallel to the [r12]
axes, it seems to be under-
stood why they branch out
at 60°. Because these [112]
axes lying in the same plane
intersect at 60° to one other,
and any one of these three
axes may become the direc-
tion of the growth of the

specimen.
Ag A3. —These were
deposited from comparatively
Fig. 4 concentrated solutions after
several days’ standing, and
they barely reflect light in many directions, as in the case of Ag A, and
Ag A, A typical micro-photograph of the appearance of the specimen
is shown in Fig. 4, Plate I, Taking the direction represented by the
arrow in Fig. 5, Plate II, and one of the [110] axes of the crystal as
the common axis of the fibrous arrangement, the position of the bands
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Table 1II is calculated under the consideration
that there is only one of the two
Planc | %0 +“ob;_ — | Tand orientations shown in Fig. 3. The
| 2 2 1 values calculated and observed are
| g | g I compared in Table II, and we can
o3 g0 | — sce a fair agreement. Sometimes
100 | 44° 10' S we can obtain a very interesting
330 | 45° 200 | 40° | — | 11 specimen in  this case, in which
1o | 58 50 | —— | —— the rotation of the micro—crystals
300 63° 3 — | —— about the common axis becomes
330 60° 37 ) 7o m so small that we can treat it nearly
e go° — | W as a picce of single crystal.  One
too 90 - of the laue-photographs taken of
30t 9o’ 90° | —— v . . . .
a3t | g o such a specimen is shown .m.Fxg.é,
331 | 1108 roge | — v Plate IT; and from the distribution
31| 116° 37 | e | —— of the Iaue-spots the writer was
1o | 121° 10" | —— | — able to ascertain that the direction
330 | 139° 40’ | 132° | — | VI of the growth was in one of the
1oo | 135° 50" | —— | —— [112] axes and the flat surface of
IID | 145° 40 | ——— | the specimen was nearly parallel
| 1q9° — | 4"} VI to onc of the (111) planes of the
3| 153° sr* | — | VI crystal.  This is in excellent ac-

cordance with the ideal orientation of the micro-crystals mentioned
before.

The orientation of the micro-crystals thus determined with the aid
of x-rays is in fine accordance with that suggested previously by
examining the specimen from the side of the reflection of light. This
result seems to indicate that the various atomic planes of the silver
crystal the orientations of which are represented in Fig. 1b by the
positions representing the direction of their surface-normals in  stereo-
graphic projection, are developed actually as exterior surfaces of the
silver—crystal, ‘

T.astly, it must be noted that, for the testing of the fibrous structurc
and for the determination of the orientation of a crystal from the Taue-
spots, the globe and the spherical scale constructed by Professor U. Yo-
shida' were mainly used.

I U, Vushida: Japanese J. Phys. 4, 133(1927)
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Summary.

(1) Metallic silver deposited by a solution of silver nitrate due to
the presence of a pizce of copper, consists of micro—crystals arranged
fibrous—like in such a way that the common axis is the [110] axis of
the silver crystal, and thc micro-crystals: are rotated about this axis by
some +11°.

(2) The (111) plane of the crystal is situated nearly parallel to
the flat surface of the specimen for the majority of micro-crystals.

(3) The axis of the fibre makes an angle of 30  with the direction
of the growth of the specimen; therefore the direction of the growth is
ncarly parallel to the [r112] axis.

The results of the present experiment agree well with that of
H. Hirata and H. Komatsubara's experiments' on electrolytic silver,
excepting the point that the {r12] axig, instead of the [110] axis in the
case of electrolytic silver, is parallel to the acicular axis in the present
case,

In conclusion, the writer wishes to express his sincere thanks to
Professor U. Yoshida of Kyoto Imperial University for his kind
guidance, and also to Mr. K, Yajima, the principal of Shiga Normal
School, by whose kind permission the writer was able to obtain the
necessary apparatus for this experiment,

Shiga Normal School

April 15, 1928,

1 These Memoirs, 10, 95 (1926)
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ig. 1, Ag A,

(magnification 100)

Fig. q, Ag A;

(magnfication 100)
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