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A GENERAL METHOD FOR CALCULATING ELECTRON DIFFRACTION -
PATTERNS CONTAINING TWIN REFLECTIONS IN ISGMETRIC CRYSTALS

- 0. Johari and G. Thomas
: 'Inorga.hic' Materials Research Division, Lawrence Radiation Laboratory
a.nd Department of Mineral Technology, University of California
: Berkeley, California . '
. October 30, 1963
Abstract
- A general crystaliographic»method for calculating twin reflection’
pcsitvions for isometric crystals is deécribed.' ‘The usefulness of this

method when (mmbined with stereogra.phic pro,jection and electron microscopy

t_techniques are discussed.
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Meieran and Richman(l) have proposed'm‘:*”°“; for the determination =

of electron diffraction patterns fromvtwinned,body-centered cubic crystals.pps;
g o E_It is the purpose of this note to present a’ general method C&pable of SN
predicting the positions of all reflections from both matrix and twin
.1p;regions for all possible orientations of cubic'crystalg, ' Tme method has _‘ff

- been’ verified for twinning in explosively deformed copper, and is found

" to be a very useful tool when used in conjJunction with stereographic

' projection, and dark field electron microscopy,_

Let an isometric crystal be twinned on sny (hk#) plane.: The. twinning

" can be considered either as a reflection in the twin plane or as a 180° |
:{vrotation about the twin axis. In reciprocal spece, the 180° rotation
. about the twin axis wbuld plece a glven point p,q,r, to'a’new»position

o " PyQR, such that both will be eq_ually inclined to the twin axis. This

‘7;15 represented in Fig. l. If the coordinates of three such pairs of points }

(2)

are determ’ined,‘ the matrix of the transformation can be obtained.
g ; fis also seen that such peirs would satisfy another condition - l.e., the
;Rijbvector [p,q,r] plus the vector [P,Q,R] will yield a mnltiple of hk#, i.e-,?“ .
Knpykthe indices of the twin. plane, because in isometric systemsthe axis [hkl]
j;:is perpendicular to the plane (nxs). '

' This can be simplified by taking the points along the three axis._'

:fIf a point :ha + k + E-, 0,~Dj‘is taken along the X axis, it 1s seen
" that its mew indices should be. hz-- K- x?, ‘2hk, 2hf, s0 as to yleld s
' sum 2n°, 26k, 2115, Lee., 2h(h,k,£) (Also the:points: o K- 52, 2nk, ghg’ B

s 'and h2+ K+ 2, o, 0 are equidistant from ‘the origin e.nd both points ms.ke

: -jveqnal angles with the twin am s, i.e«,‘COBJl & - ) Similar operations
: | BORRNES "/h2+' o 12

. . "‘2@”2 2

. " for the points,‘o, h™4 k+.8 VX o and 0, 05 h + k + 12 yielah,_
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2nk, k“- £°- 1%, 2k¢, and 2hs, 2k4, 4

rotation - about the fwin axis.

-2-

2
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- hal- ‘k2 respectively.affer the 180° v

‘Following the method due to Bue,;‘ggx‘sa)' the matrix of the transformation

is obtained as follows:

he- x¥2- 42 . onk ons

W2+ Ko+ 22 1% K54 P n+ x5+ £
onk i 4P B 2k 2

12 i B2+ Ko+ £° 024 Ko+ 22 [ememmmen(1)
2hg 2ks 2. KRl P

h2+ k2+ 2 h2+ k2+ £ h2+ k2+ 32

Using'this ma.{.rix the indices’ of any other point in reciprocal space
can be determined. | . o .'

- Tnis matrix 1s much simplified for (111} twinning.co;nménly encountered
in fec metals, since ho+ Ko+ 42 = 3, and b%- ¥°- 25, WB- P 1P, and

P R are each equal to -1,

~

hence  p = {-P * 2hkq + 2hfr)
. : ar

(-hp + 2kq + 24r)

or P

3h
Q= (2hp - kq + 24r)
=TT
R = (2hp + ekq- - 4r) -

34
where (hk{) stands for any of the {111} planes. This formula can be
used to find both the positions of spots after tﬁnning and the orientation

of twinned regionsif the matrix orientation is k_nown; In electron

micro;copy this orientation'ce’.n be found from‘the diffraction patlfern.
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Similarly for (112} twinning, commonly encountered in bcc metals P the . e

transformation is given byz

’ = . 6 .

(ehkp + (k2- - h2)g47+ ékzrj
6 o

(engp + 2keq + (P-p2-¥Dr}

b

.‘ t . .which is a more general formula than that' given by Meieran and Richman(]') - ;vb ..
BN in thet 1t includes all {112) planes. . T
. The transformation obtained by matrix (1) corresponds to a: rotation
- of 180° about. the twin axis. If the twinning is-regarded as reflection R
in the twin ‘plane the result should be modified by mltiplying the '

- matrix (1) by the following“

1 0 0
0 1 ‘j /0
0 0 1

: since in crystallography A + I=m

~In transmission electron microscopy, although exact foil orienta.tions'?jj_f

B can be determined by indexing Kikuchi lines s often only gpot patterns are e o

o'bserved. In the" latter case the orienta.tion can only be approximately

-v!\ . found. However, if a pro,jection of the approximate orientation is drawn, '
W,'the 'position of spots from twinned regions can'be determined by 'reflection -
©* along the twinning planevor by'18o° rotation’&bout the twin axis. If the : |

| twinned spots fa.ll on, or. close to the . 'ba.sic circle of the standard projection, '

they are likely to appea.r on the diffraction pattern. The experimental

a.nd calculated diffraction patterns can then be correlated. It should ,=be_ '




regarding twinning.v Fina.ncial support from the USAEC through the B

: Ia.wrence Radiation Ie.boratory is gratefully acknowledged. o
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;7 noted that when multiple twinning occurs double diffraction becomes
importa.nt and should be accounted for.(3) ' :

It should aléo be . pointed out that twin and ma.trix reflections

_ _ coincide for certain orientations Bo tha.t no extra reflections nay be
| observed. Examples for (00L) and (110) fcé are shown in Fig. 2. In | '. .
" electron microscopy investigatidns of mechanical twinning and twinned :

= martensite it 1is important to’ recognize this fact, 1.e. s the absence
- of extra reflections should not 'be taken as indicating the absence of
f tvrinning until the twin positions ha.ve ‘been verified. Da.rk field. experiments‘

vv are extreme]y helpf'ul to show if twinning is present, eugey from Fig. 2(&)

it can be seen- tha.t the dm'k field image of the 220 type reflection will ‘

e '3reverse contrast from twins whereas ‘the dark f1e1a imase °f the 200 type B

o :rerlection w1l nota(v,3)_

: Ac_lmdﬁledgeme_nts

We wish to tha.nk Professor Ado]_f‘ Pa.bst for helpﬁul discussions
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Flgure Captions.

position P,QR, of & rectprocal lattice

© point p,q,r, obtained by & 180° rotation about the twin axis [nkf].

- (a) Expected diffraction pattern by twinning on (111) planes

far (001) orientatin. ' The orientation of

b) Expected diffraction pattern by twinning an (111) plane. ' ..
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