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ABSTRACT

The réle of double twinning phenomenon in the change of crystal orientations during crystal
growth has been emphasized. The indices of newer planes becoming parallel to known planes
of the parent crystal, as a result of twinning, have been deduced from the geometry of the twinned
crystallites. Illustrations are cited where the new orientations of the deposit crystals are well
explained on the above basis.

During the growth of crystals by electrodeposition, vapour phase condensation,
solid-gag or solid-liquid reactions, chemical displacement or by other methods,
it is often observed that the deposit crystals developed many odd orientations,
along with simpler ones, on different faces of single crystal substrates. Sometimes,
the simpler orientations are completely masked by the odd ones. The electron
diffraction patterns from such composite layers are complex and their interpretation
is also beset with many difficulties. In the case of reflection patterns, the orienta-
tions of the deposits are generally determined from the spot-rows lying in the
plane of incidence normal to the shadow-edge and the geometrical configuration of
the spot pattern gives an indication of lattice rows lying parallel to the direction
of the beam. Thus, when an odd crystal face with high ‘hkl’ is parallel to the
substrate surface no reflection may appear at all in the plane of incidence due to
the limited size of the plate and also to the low intensity of the reflection compared
to background scattering.

The presence of simpler orientations may, however, give a clue to the presence
of more complex ones, because often planes with high indices become parallel to
those with low indices as a result of twinning phenomenon. Thus {221}, {114}
and {115} planes of twinned crystallites are respectively parallel to the initial (100),
(110) and (111) faces when twinning occurs either on {111} or {112} planes. The
twinning plane {{%hl} type in cubic systems) can, however, be determined, though
not uniquely, from the electron diffraction pattern, by measuring the angle through
which the extra spot pattern should be rotated around the undeflected spot to
coincide with the normal pattern and is given by the formula (Elleman and Wilman,
1948; Goswami, 1956b)
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It is, however, likely that the twinned crystals may retwin giving rise to a
gecond or a third twin (Goswami, 1954, 1956a ; Trehan, 1957) thus bringing in
more planes, not with simple indices, parallel to the initial substrate surface. The
electron-diffraction patterns of such layers will, no doubt, be complex and their
interpretation is rather difficult unless one can correctly guess these orientations.

@ = tan™!
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TABLE I

Effect of twinning in cubic crystals

Original First flg’ze of | Second Pl‘“:f o Nearost Angle
T121INA8. . . 8 WIin . . secon Wi simple
plgne twignmg parallel FWIII;’;:g parallel to (hlg) C]? e;w;exll)
plane to (A) P (A) and (B) plane | (©)#nd (D)
(4) (B) (©) (D)
100 111 122 111 T44 311 3.40
11 148 012 6-4°
111 184 021 6-4°
111 122 111 100 100 0°
111 184 021 6-4°
111 148 012 6-4°
171 122 11 148 012 6-4°
1 Taa | 311 3.4°
111 184 | 021 6:4°
11 122 nro 184 021 6-4°
1y 148 012 6:4°
11 743 211 3.4°
110 1m 114 111 778 111 3-4°
111 11.5, 4 21 5-9°
111 5,11, 4 121 5-9°
11 113 11 778 111 3.4°
111 5,11, 4 121 5-9°
_ 111 11, 5, 4 211 5-9°
1 1T0 111 T e 0°
111 N .
111 114 114 0°
T“ﬁ} 110 110 0°
111 11T 115 111 11, 1. 1 110 3-7°
111 13,7, 5 271 5-5°
111 7.13, 5 121 5-5°
111 151 1 I 1. 11 Tol 3-7°
111 13, 5,7 211 5:5°
111 7,5.13 112 5.5°
T11 511 111 L1111 011 3.7°
111 5.18,7 121 5-5°
111 5.7,13 112 5.5°
100 211 122 211 418 102 6-4°
211 T4 311 3.4°
110 211 131 211 5, 11, 4 121 5-9°
211 718 11 3.4°
111 211 511 211 5.7, 13 112 4-1°
211 5,13, 7 121 5-5°
211 1, 11, 11 011 3.7°
100 332+ 296 . 143 3.2°
110 332% 7,17, 12 112 4-1°
111 332% 13,13, 5 221 4.8°
331 1-8°
100 114** 418 102 6-4°
110 114%* 778 111 3.4°
111 114** 115 115 0°
100 441%* 1.32,8 041 1-3°
110 441%* 31,31, 16 221 0-53°
111 441%* 13,13,5 221 4-8°
‘ 331 1-8°

* Reported in PbS by Elleman and Wilman (1948).
** Reported in PbS by Palache, Berman and Frondel (1952).
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This is easily realized when we note that as a result of a single twinning on a {114}
plane {418} and {778} types of planes of the twinned crystallites become parallel
to the (100) and (110) faces respectively.

The crystallography of twinning has been discussed by several workers
(Menzer, 1938; Hall, 1954) and its mathematical treatment has recently been
developed by Jawson and Dove (1954). Nevertheless, as far as the authors are
aware, no attempt has been made to derive indices of planes becoming parallel to the
initial surface after twinning. Since this is a very likely cause for a new orientation,
we have tried to derive the indices of the new planes of twinned crystallites in the
following way.

If (Rkl), (wow) and (HKL) are, respectively, the initial, twinning and final
(parallel to the initial) planes, then—

(i) the angle (8) between (hkl) and (uvw) will be equal to the angle between
(uvw) and (HKL), so that

hu ko4 lw _ uwH4vK4wl

Vo R R R

cos 8 =

and (ii) by zone-axis relation,

HKL
uvw

=0 or H(vl—=kw)+K@wh—1lu)+ L(uk—kv) = 0. (2
hkl

From these two equations it is pgssible to calculate the ratio H : K : L, which deter-
mines the indices of (HKL) plane. The general crystallographic transformation
has also been worked out on somewhat similar lines in a recent paper (Andrews
and Johnson, 1955) not noticed by us during the derivation of these equations.

Let us consider, as an illustration, that (100) and (111) respectively are the
initial and the twinning planes. Then by equations (1) and (2) we can easily derive
that (HKL) = (122). On further twinning on (111), the (744) plane of the second
twin crystals (referred to parent) becomes parallel to the (100) face of the substrate.
In this way HKL indices of single and double twinned crystals have been calculated
with different twinning planes and the results are shown in Table I. The indices
of the nearest simple (low index) plane are indicated in column 6; and the angles
between the complex second twin plane and the nearest simple plane are given in
the lagt column. These results include many twinning planes observed by other
workers (Elleman and Wilman, 1948; Palache et al., 1952).

TLLUSTRATIONS OF DOUBLE TWINNING

(@) Tt is well known that when a crystal grows over another, often the deposit;
develops twinned structure. Silver deposited either on rocksalt from vapour phase
(Goswami, 1954) or on a Cu (100) face by chemical displacement (Goswami, 1957)

generally developed two-degree {211} orientation along with the {100}. Extensive

twinning also occurs during the growth process. Similar {211} orientation was
also observed when nickel was deposited on Cu (100) (Goswami, 1956b). The

origin of the {211} orientation has been traced to double twinning as & result of the
following twinning sequences.

T(111) T(111)
(100) ——— (122) = (T44) 2 (211)

(I' = Twinning on)
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It is interesting to note that [211] rows of the twinned crystallites are in the plane of
incidence but inclined to the [100] row by 3-4°. Since

[[¥*Y]yp5 cos 6 = g 1P
when 8 is small, 422 reflections will appear in the positions observed (Goswami,
1957 ; 1958a).
(b) It has recently been observed (Goswami, 1958b) that iron deposited on

Cu (100) face developed three orientations, viz. {110}, {121} and {111}, the
latter two being explained as a result of double twinning as shown below :

TEI) _ TEel) )
(110)—> (141) —— (5, TI, 4) ~ 121
iT(ﬁu)

(778) = (117)

(¢) During the oxidation of Cu (111) face, various orientations of Cu,Q crystals
were observed by us. These may be explained by the following twinning sequences
(Trehan, 1957; Trehan and Goswami, 1958)

T(111) T(111)
(111) (115) > (7,13, 5)

TA1
(010) =< (19, 139, 1) «—— (29, 11, 35)
(111

Many other orientations observed during crystal growth processes may also be
similarly explained on the basis of the double twinning phenomenon. It is thus
seen that the concept of double and multiple twinning is useful in understanding
the appearance of new orientations not easily accounted for by other considerations,
such as lattice fit.
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