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lbslracl We show that there exist 17 possible relations (tuin laus) between 
structures of two ferroelectric "on-ierroelastic domains. For each tuin Lau we 
indicate whether X-ray  diffraction intensities from tuo domains equal or differ 
and give number of optical tensor components that can distinguish both domains. 
Ue list twin taus which appear in particular lerroeleclric non-ierroelastic or 
partially ferroeiastic phases. 

INTROOUCTI ON 

Domains are connected regions in mich the lorsymnetry structure 

acquires different orientation in space. When observed from one 

coordinate frame dameins m y  exhibit different physical properties. If 

ue chose two domrins 0, and D. then it is the spatial relation 

betueen their structures S ,  and S, that determines which properties 

would be the same and which would appear different in these twa 

domains. I t  is, therefore, convenient to consider, instead of domeins 

0, and 0. ,only their strucrures S ,  and S,. Tuo such structures. 

treated irrespectively of their coexistence and of domrin shapes. 

form a d m i n  pair(~P)'. A domain pair can be considered algebraically 

as an unordered set <S..S,> and geanetrically as a superposition of 

structures S, and S.. 

Domain pairs can be divided into two basic classes: In a non- 

ferroelastic d m i n  pair <S.,S.l the structures S, and S, have the 

same (zero or non-zero) spontanews deformation whereas in a 

ferroelastic d-in pair they exhibit different spontanews 

deformtions. There is a close relation between this division and the 
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older classification of tuinse.a.* : non-ferroelastic DP's correspmd 

to rnerohedry twins (or twins by twin-lattice synmetry) whereas 

ferroelastic twins correspond to pseudanerohedry twins (or twins by 

twin lattice quasi-synmetry). 

Since the tensor of spontaneous deformation transform in the 

sam way as the optical indicatrix the structures of a ferroelastic 

DP can be easily distinguished in a polarizing microscope *ereas the 

structures of an non-ferroelastic DP cannot be recognized in this way. 

Further. the reciprocal Lattices of structures S, and S. in a 

ferroelastic DP have different orientation and therefore give rise to 

double spots in X-ray diffractogrems. 01 the other hand, the same 

reciprocal lattice of structures 5, and S, of a non-ferroelastic DP 

praduces only single diffraction spots. It is then natural to ask 

uhether the structures of a norrferroelastic DP can exhibit 

differences in sane other optical properties and whether they can 

produce diffraction spots of different intensities. In this 

contribution ue ansver these questions for an ilrportant subclass of 

non-ferroelastic DP's, namely for ferrwlectric donain pairs, in uhich 

the structures S ,  and S, possess different spontaneous polarization 

differing in orientation or direction. 

W I N  PAIRS-!&@ W I N  LAW 

The relation between structures S, and S. in a DP, which we 

shall call the twin law of the DP. can be specified most conveniently 

by a dichrmtic groupS which has, for a non-ferraelastic DP. 

the sinple for& 

*ere F is the symnetry group of S, and, sinultaneously, of S. 

and j' is en operation that exchanges S ,  and S., i. e.. 

Group J expresses the symnetry of CS.,S.),since operations of F Leave 

bath S, and S, invariant and operations from the left coset j'F 
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exchange S, and S. but leave the domain pair invariant since <S,,S,> = 

<s,,s*>. 

For a non-ferroelastic DP the groups J and F belong to the seme 

crystal family. A ferroelectric DP (structures S, and S. differ in 

spmtanews polarization) is specified by a condition that either J is 

non-polar and F polar or bath J and F are polar but their polar axes 

have different directions. For discussing tensorial distinction of 

domains a continuum description using point-group symnetries suffices: 

ALL possible twin laws (expressed by a dichromatic point group J ) of 

non-ferroelastic ferroelectric domaln pairs are given in the first 

column of Table I. The second colurm displays the symnetry F of both 

structures S, and S.. We see that there are in a1 1 17 non- 

ferroelastic ferroelectric twin laus. All groups J are non-polar hence 

spontaneous polarisetion in two structures S. and S. is antiparallel. 

X-RAY AN) OPTICAL DISTINCTION OF D C M A &  

The twin Law (1) allows one to deduce useful conclusions about 

X-ray diffraction from a non-ferroelastic h i n  structure?. Let I, 

and I. be the intensities of X-ray reflections per unit volum of 

structures S, and S, respectively. As Long as Friedel's Law is valid 

(the anomalous scattering is not taken into account) the equality I. 

= I, holds if the twinning operations j'F belong to the Laue symnetry 

of F. The set of intensities masured on two domains D, and D, is then 

identical with one that vwld be measured on a single crystal of the 

seme volume. ALL twin laws fulfilling this condition are denoted = in 

the fourth colurm "difint" of the Table I. If twin operations j'F do 

not belong to the Laue symnetry of F then 1.+1. and the intensity of a 

reflection depends on the fractional volume of domains D, and D.. Such 

twin laws are denoted / in Table I. 

The twin Law (1) also determines vhich conponents of a mte'rial 

property tensor T are different in S, and S,. These carponents. being 

invariant under the operations of F and changing sign under remaining 

operations j'F of J, transform as basis functions of the 

alternating representation D< of J Llhich subdllces the identity 

representation in F. The components of the tensor T transform as a set 

of basis functions of a representation DT. The nuher mT of tensor 
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carponents of T that discriminate structures S, and S. thus equals the 

nultiplicity of W in Dr. 
Using this procehre ue have determined the nuher mr for tensors 

describing the nast inportant optical properties of crystals. The 

results are sumrized in Table I h e r e  different tensors are denoted 

by the Jahn's symbols. 

TABLE I Ferroelectric nwferroelastic twin law, X-ray intensities 

and nuhers of distinct tensor carponents 

J F D2 difint E[V=] V[VL] EV [vz] [vEIz 

T'  1 h - 6 18 0 0 - 
2/m' 2 h - - 4 8 0 0 
2'lm m B" - - 2 10 0 0 
nnm' ImQ €3." 1 5 0 0 - - 
mn'm m2m €3." - - 1 5 0 0 
rn' mn 2mn B." 1 5 0 0 - - 
4Im' 4 h - - 2 4 0 0 
42'2' 4 & 1 0 3 3 3 
4/m'mn 4mn Su - - 0 3 0 0 
3' 3 & 2 6 0 0 - - 
32' 3 Az 1 0 4 4 4 
3' m 3m A*" 0 4 0 0 - - 

& ' 3 A" I 2 4 2 4 
61m' 6 h - - 2 0 3 0 
62'2' 6 & 0 3 3 2 \ ' 3ml A, 0 3 1 2 
61m'mn 6mn &" - - 0 3 0 0 

6 [Vz] ... opt ice1 activity. V [ W ]  . . . electrooptics, 
E V [ V ~ ] ~  . . . electrogyrat ion. [vL]= . . . elastooptics. 

As seen from Table I, for almost all twin L a w  there are several 

optical property tensors that can be used for domin distinction. 

Exceptional are twin laws J = 4/m'mn, 5-m and blm'nin in bhich damins 

can be discriminated just by different electrooptic coefficients. 

Results given in Table I apply not only to damin pairs but also to 

twins by mrohedry with pyroelectric tuin conponents that differ in 

direction of the polar direction. 

Table I I  lists for each phase transition (G and F is the symnetry 

of the high-synmtry and lorsymnztry phase, resp. ) a1 1 tuin laws J 
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that can appear in the Lorsymnetry phase. Phase transitions are 

classified in columrs "a" and "em as ion-ferroele_stic (na) or Frtial 

ferroelzstic (pa) and full ferrcel~iiric (fe) or partial ferroelstric 

(pe) onesn. 

Table 1 1  Distribution of kinJew J im,ferroalectric oartisl 

h a )  and non-ferroelast ic (na) phases 

G F a e J 

i 1 na fe 1. 
2/m 1 pa fe i ' 

2 na fe 2/11), 
m na fe 2'/m 

IIOR~ 1 pa fe i ' 
2 pa fe 2/m' 
m pa fe 2,/m 
2mn na fe m'm 
d m  na fe mn'm 
mn2 na fe m ' 

4/m r pa fe i ' 
2 pa pe z/m, 
m pa fe 2,/m 
4 na fe 4/m' 

422 4 na fe 42'2' 
e l m  1 w fe i ' 

2 Pa pe 2/m' 
m pa fe 2'/m 
m n 2 u a u e  mnn ' 

mn'm 
3 ' 
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TABLE I I cont. 

pe 2/m, 
fe 2,/m 

P IRrm ' 
f e m'm 

pe 4Im' 
42'2' 
h'm' 

fe 4/m,mn 
pe 3' 
fe 3'm 

Distinction of ferroelectric non-ferroelastic domeins by means 

of optical activity has been studied experimentally e.9.. on Lead 

germanate' (twin Law J=3') and in triglycine sulphateio (J=2/m,). A 

detailed discussion of optical distinction of ferroelectric -ins in 

various materials has been given in Ref.ll. 
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