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Abstract:

A ferroic crystal contains one or more domains, volumes of the same homogeneous crystalline
structure in different spatial orientations. The homogeneous bulk structure of domains are called domain states. In
addition to the ferroelectric, ferromagnetic, and ferroelastic primary ferroic crystals, where domain states differ,
respectively by spontaneous polarization, magnetization, and strain, recently observed fourth type of primary ferroic
crystal. where domain states differ in spontaneous toroidal moment. This leads to additional contributions to the
difference in the free enthalpy between domain states. In this paper, Ferrotoroidic domain pairs are calculated by using
coset decomposition for 116 ferroic species, taking 32 point groups as prototypic point group
Key words: Ferrotoroidic, Coset decomposition, Domain pairs

Introduction:

A ferroic crystal contains two or more equally stable domain states, volumes of the same homogeneous
crystalline structure in different spatial orientations. These domains can coexist in a crystal and may be distinguished by
the values of components of certain spontaneous macroscopic tensorial physical properties of the domains. Crystals, in
which the domains may be distinguished by spontaneous magnetization, polarization and strain are called primary ferroic
crystals (Newnham, 1974; Wadhawan, 2000) and are individually referred respectively as ferromagnetic, ferroelectric
and ferroelastic ferroic crystals. The domains in these primary ferroic crystals can be switched by means of a magnetic
field, an electric field, a mechanical stress or a combination of the three (Newnham & Cross, 1974) and consequently
ferroic crystals are of technological importance for example, memory storage and electric and magnetic switches. A
fourth type of primary ferroic crystals, a ferrotoroidic crystal, has been recently observed (Van Aken et al., 2007),
where the domains are distinguished by a toroidal moment  ( Gorbatsevich et al., 1983; Schmid, 2001, 2003).

Keitsiro Aizu coined the collective term “Ferroic” for ferroelectrics, ferromagnetics and ferroelastics,
having in common “Ferro”, “-ics”. Which can be switched, thus giving rise to hysteresis loops. Really akin are only
ferroelectrics and ferromagnetlc WhICh can be characterized by a single Shubnikov point group, where as ferroelastics

Wlth the symmetrlc 2 rank tensor spontaneous deformation have to be characterized by a pair of point groups , named
“species”. Based on the different terms of the density of stored free enthalpy, the “ferroic” nomenclature has been
enlarged with a subdivision into “Primary”, “Secondary” and “Tertiary” ferroics. Keeping in line with the ferroic
nomenclature, it is now tempting to extend the primary ferroics with the introduction of the notion “ferrotoroidics”,

bearing a spontaneous toroidal moment T This has been done by using T as an order parameter with the nomenclature
“Ferrotoroic”.

The concept of toroidal moments in condensed-matter in physics and their long-range ordering is a
ferrotoroidic. The ferrotoroidicity as a form of primary ferroic order can be understood both from microscopic (multipole
expansion) and macroscopic (symmetry-based expansion of the free energy) points of view. The definition of the local
toroidal moment and its transformation properties under the space-inversion and time reversal operations are highlighted.

Litvin S.Y.and Litvin D.B (1990) had tabulated the representative tensor pairs for all 32 point groups G, subgroups H
and all physical property tensors T of rank 0, 1 and 2. This constitutes the basis for the sensorial classification of domain
pairs in ferroic crystals which is given by using the group theoretical classification of the corresponding physical
property tensor pairs. Litvin D.B calculated of the twin pairs for all the ferric spices taken 122 crystallographic
groups as the prototypic point groups for the ferrotoroidic moments. N.V.S.S.Prabhakar (2007) calculated Ferromagnetic
& Magnetoelectric polarizability domain pairs for the 32 grey groups as the prototypic point groups, Prof. S. Uma devi
& M Vijaya Laxmi (2012) calculated ferrotoroidic domain pairs for 32 grey groups as a prototypic point groups. Here
domain pairs of “Ferrotoroidic crystals” by using coset decomposition taking 32 point groups as a prototypic point
groups are calculated.
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COSET DECOMPOSITION:
Let H be a subgroup of a group G then the left (right) cosets of H in G provide a decomposition of G as a sum of
mutually disjoint left (right) cosets,

ie. G=aH+a H+ .. +aH -+, Where a € G;i=1,2,3,......... This is known as coset decomposition of G with
1 2 i i

respect to H. The arbitrary element a; of each left-coset is called a representative of coset.

REPRESENTATIVEDOMAINPAIRS Two

domain statess and s form a domain pair(s s ) if S = 9ijS ands = 9ijS . where gij is element of G. Two domain
i i i i i i j

states that have different spontaneous toroidic vector are denoted as a ferrotoroidic domain pairs. A domain pair (s s )
1]

is called a non ferrotoroidic domain pair if the two domain states have identical spontaneous toroidic vector (Janovec,
1972). Here we calculated domain pairs of “Ferrotoroidic crystals” by using coset decomposition taking 32 groups as
prototypic point group.
FERROTOROIDIC DOMAIN PAIRS FOR FERROIC SPECIES 4/mmm F m

Consider the Ferroic species 4/mmm F m. Where 4/mmm is a prototypic point group and m is a ferroic point
group. The number of distinct domain pairs are 4. The coset decomposition of 4/mmm with respect to the group m is
given by

G=4/mmm-= E(E,O'Z)+C4Z+(E,0'Z)+C427(E,O'Z)+ I(E.0;)+Cya(E,0,)+Cy(E,0;)+ 0y (E,0;)+ 0y (E ;)

+ . . !
The coset elements are E, Cy, , C4, . I, Cpa. Cyp. 0y, oy the components of axial vector is represented by (. T2, T3)

7

Let two domain states Si and Sj Form a domain pairs (s.s )ifS =g S andS =g S , where gij is the element of G.
] ] 1 | J ]

for example 2 : o‘y B IO'X = (—Tl,—TZ,O)(—Tl,Tz,O) :(Tl,_TZ,o)

=lo = (-7,-T,,0)(7,-T,,0) =(-T,T,,0
“x Jy(12)(12)(12)
H forms domain pairs. ie. (-T,,T,,0)(T;,-T,,0). Similarly th ini in pairs of G =
enge (O-x’o-y) orms domain pairs |e( 1T, )( 1T ) Similarly the remaining domain pairs of G

4/mmm F m are in Table 1.1

Table1.1
Domain pairs Tensor Representatives
= ) (7. T,.0) (-T;,—T,,0)
(ot Cay ) (-T»,T;,0) (T,,-T;,0)
(Coa: Cop) (T2,T1,O) (—T2,—T1,0)
(oy, Oy ) (—T]_nTgnO) (T]_:—Tzvo)

Similarly by taking the ferrotoroidic domain pairs for all 116 species are calculated using the above procedure. In Table 1.2,
Domain pairs for all 116 ferrotoroidic species are given.

Table 1.2
S. No.| Groups Sub-Groups Ferrotorodic | Cosect elements Domain Paris
(©) (H) (av)
L ! MLTT) |E (T.T,,T) (LT, T,)
2 1 1 (T1’T2’T3) (E’ I) (T1’T2’T3) (_Tl’_TZ’_T3)
3 2 ! (T1’T2’T3) (E,CZZ) (T1’T2’T3) (_TI’_TZ’TB)
4 m ! (MT,.T) (E,0,) (M, T, T) (T, T,,—T)
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5 1 (T.T,.T.) (E, D), (T, T,,T,) (-T,-T,,-T,) .
2/m (Cy.i0,) (T,-T,.T,) (T,T,,-T.)
2 (0,0,T;) (E, 1) (0,0, T;) (0,0,-T;) |
m (T,,T,,0) (E, 1) (T, T,,0) (-T,-T,,0)
6 1 T.7T,,T,) | (E,C,), (M, T) (T, T,,=Ts) .
222 o, (T,-T,,-T,) (—Tl,—Tz,fs)
2 (0,0,T,) (E.Cy) (0,0,T;) (0,0,-T,)
7 mm2 1 T.T,.T,) (E, o,), (T, T,,T,) (-T,,T,,T,).
S (T,-T,T) (L-T, T,
2 (0,0,T,) (E,o,) (0,0,T,) (0,0,T,)
m (T, T,,0) (E,o,) (T, T,,0) (T,,—T,,0)
8 mmm 1 (M,T,,T,) (E. 1), (M T, 1) (T, -T,,-T).
(CZX’UX)’ (T11_T2!_T3) (_T11T2’T3)’.
(Czy’o-y)1 (_T11T2’_T3) (Tl’_TZ’TS)j
Car0.) SRRl A
2 (0,0,T,) (E.1), (0,0,T;) (0,0,-T,) .
(C,.0,) (0,0,T,) (0,0,T,)
mm2 (0,0,T;) (E, 1) (0,0, T;) (0,0,-T,)
9 . 3 (T1,T2’T3) (E1C4+z), (rpTz’Ts) (_Tz!Tl’Ts).
(€2 Car) (T, T, Ty) (T,-T,T,)
2 (0,0,T;) (E,C,,) (0,0,T;) (0,0,T;)
10 4 1 (TlaT21T3) (E’CSZ)’ (T1'T2’T3) (_T11_T2'T3)-
(S5S2) (T, —T,=T,) (T, T,-Ty)
. (0.0,T,) (E.S.,) (0,0,T;) (0,0,-T,)
11 [ 4/m 1 (T,T,.T,) (E, 1), (T, T,.T,) (-T,-T,,-T,) .
€S | (LT (-TT)
(C“_Z’SIZ)’ (Tza_Tst) (_TZ!Tl'_TS)j
(Cor) (_Tl’_TZ’TS) (T17T2’_T3),
2 (0,0,T,) (E.D), (0,0,T;) (0,0,-T;).
(C;..C) (00T, (0.0T,)
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m (T, T,,0) (E, 1), (T,7,,0) (-T,,-T,,0) .
(Ci,.Cin) (T, T,0) (T,~T.,0)
Z ©0,0T) | (B (0,0,T,) (0,0,-T,)
12 | 422 1 (T.T,.T,) (E,C,,), (T.T,,T,) (T, -T,,-T,) .
(CinCa). (T, T (T -TuT,).
(C,,.C,)), (-T,T,,-T,) (—Tl,—TZ,'I,'B)_
(G2 Ca) T, T.-T) (T,-T,.-T,)
2 0,0T) | (E.C,), (0,0,T,) (0,0,-T,)_
© Om) (0,0T,) (0,0,T,)
Z 0,0T,) | (E.C,) (0,0,T,) (0,0,T,)
3| 4mm ] M.T,T) | (EC,) T (T, T, T.).
(C5.Co), T, T.T) (T, -T.T).
(0,,0,), (-T,T,.T,) (rl,—Tz,T?,)f
(C4arTa) (-T,,-T,,T,) 0, T, T,) ’
2 ©0.0T) | (Eoy, (0,0,T,) (0.0,T,)
(Clr..) 0.0,T,) (0.0,T)
m T.T..0 | (Eo,). T.T,.0) (T.,T,.0)
(C.,.C) (T, T,,0) (T,.T,.0)
g2 (0,0,T;) (E,C,.) (0,0,T,) (0,0,-T,)
Z ©0,0T) | (Eo) (0,0,T,) (0,0,-T,)
4| Zom 1 T.T,T) | (EC,), T ) (ToT,T.).
SiSid [T T,
(04 O ) (-T,,-T.,T,) (T,,T,T,). |
(CoxsCyy), (T, =T,,=T,) (-T.,T,,T.)
2 (0,0,T,) (E,C,), (0,0,T;) (0,0,-T;) .
(S5, 0ua) (0,0,T,) (0,0,-T,)
m (T,,T,,0) (E.C,,), (T, T,,0) (-T,,-T,,0).
(S42:S4,) (-T,,T,,0) (T,,—T,,0) |
mm2 ©0,0T) | (EC,) (0,0,T,) (0,0,-T,)
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15 [ 4/mmm 1 T.7,.T.) (E, 1), (T, T,,T,) (-T,,-T,,-T,) .
(CsrSa), (T, T T) (T, —T,,-T,).
(C2iSa2), T, -T.T,) (T, T, -T,).
(Co 0, (T,-T,,-T) (T.T,,T,)
(C.yr ), ’
- (T T =To) (=T, o).
& 1z 3 e S
Co0) (70T (T, T, T).
(-T,,—T,-T,) (T, T, T,)
2 (0,0,T,) (E, 1), (0,0,T,) (0,0,-T,) .
(Cir S, (0,0,T,) (0,0,-T,)
(040 Caa). (0,0T,) (0,0,-T,)
(90C.) (0,0,T,) (0,0,-T,)
m (T,.T,,0) (E, 1), (T, T,,0) (-T,,-T,,0).
EFe.,). (-T,.T,,0) (T,,=T.,0)
(Caa:Cap), (T,.T,,0) (T,,-T,,0) ’_
(00,) (-T,T,,0) (T,,=T,,0)
mm2 (0,0,T,) (E, 1), (0,0, T;) (0,0,-T,) . ,
(Ci,.Cy) (0,0T,) (0,0,T,)
4 (0,0,T,) (E, 1), (0,0,T,) (0,0,-T,) .
(0,,Cy) (0,0,T,) (0,0,T,)
4mm (0,0,T,) (E.1) (0,0,T,) (0,0,—T,)
16 |3 1 T.T,T.) | (C:.C)) (-T,T,-T,T.) (T,+T,-T,T.)
7 13 ! M.T,.T) | (&l (1, To o) 5T =To,=Ts)
(G5, S6), (-T,.,T,-T,,T,) (T,.—T, 4T2,—T3) _
(C5a (T +T,-T,T) O-T,T,-T.)
3 (0,0,T,) (E.1) (0,0,T,) (0,0,-T,)
18 |32 1 T,T,.T,) (E,C,.), (T,T,,T,) (-T,+T,,T,,-T,) .
(C2.C;), T.T,-T,,-T,) (-T,,T,-T, ,’Tg) _
(C;.Cy) (T +T,-T,T,) (-T,,-T.,-T,)
7 (0,0,T,) (C:,C;) (0,0,T,) (0,0,-T,)
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3 (0,0,T,) (E,Cl) (0,0,T,) (0,0,T,)
3m 1 T, T) | (E.oy), T.T,.T,) (T,—T,,—T,.T,)
(C:,C;), (T, T.=T,,T,) (T, +T,,-T,-T,).
(G421043) (-T,-T,+T,T,) (T, T,,T.) |
m T.T,,00 | (c:.C)) (-T,.T,-T,,0) (T, +T,,—T,,0)
3 (0,0,T,) (E,0,,) (0,0,T,) (0,0,-T,)
3m 1 T.T,.T) [ (ED), (M1 T) (T, -T,,—T5)
(G5, S6), (-T,.,T,-T,,T,) (T,.—T, 4T2,—T3) _
(C5,S5), (-T,+T,,-T,T,) (T,-T,,T,,-T,) )
(Co00), (T+T,,T,,-T,) (T.-T,,-T,,T.)
(C2,05,). (T, T,—T,,—T) (T, -T,+T,,T,)
(Cl.045) ’
(T,,~T, 2 (T, T..T,)
2 (0,0,T,) Bt (0,0,T,) (0.0,-T,).
(C:,0,,), (0,0,T,) (0,0,-T,)
(C:,0,) (0,0,T,) (0,0,-T,)
m T.1,.T,) (E,C,), (T, T,,0) (-T,+T,,T,,0) .
(C:,S0), (T,,T,=T,,0) (T,,<T, +T,,0).
(@5.) (T+T,-T,0) (T,-T,.T.0)
3 (0,0,T,) (E, 1), (0,0,T;) (0,0, —T3);
(041,Cx) (0,0,T,) (0,0,T,)
3m (0,0,T,) (E.1) (0,0,T,) (0,0,T,)
6 1 (M, T, T,) (E,C,), M T, T,) (-T,-T,,T,)
(C:,C), T,<T.+T,T) (T, T.-T,T,).
(C:,C3) (T =T, T,T,) (T +T,,-T,T,)
2 (0,0,T,) (@HE) (0,0,T,) (0,0,T,)
3 (0,0,T,) (E,C,) (0,0,T,) (0,0,T,)
5 1 LTI | (Ea) LT (LT,
(S3.C5), (T, 4T, T, -T) (T, +T, T, Ty).
(5:.C;) (T, T -T,-T) (T, T,-T,\T)
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m (T,,T,,0) (S,,S7) (-T,+T,,-T,,0) (-T,,T,-T,,0)
3 (0,0,T,) (E,c,) (0,0,T,) (0,0,-T,)
6/m 1 1.7, T) | (ED), (M1, T) (T, T, —To).
(C,,00), (-T,,-T,,T.) (Tl,TZ,—Tg)i
(Cs.S;), T,-T,T.T,) (T, +T2,—'Tl,—T3)_
CFoR), =T, +T,\T,) (T, T,=T,=T,)
(5. 55). (T, T-T,T) (T, —T.+T,,-T,).
(Cs.5¢) (T 4T, —T,T,) (T,-T,T,-T,)
2 (0,0,T,) (E, 1), (0,0,T;) (0,0,-T,).
(.53 (0,0,T,) (0,0,T,).
(Cs.S;) (0,0,T,) (0,0,-T,) ’
m 1,0 | (ED), (T, 7,.0) (-T,,—T,.0).
(CL,50), (T,=T,,T,,0) (=T, +T,,—T,,0)
(C;,S:) (T,,-T,+T,,0) (T,,T.=T,,0)
3 (0,0,T,) (E, 1), (0,0,T;) (0,0,—T;) .
(C{,S3) (0,0,T,) (0,0,-T,)
6 (0,0,T,) (E.1) (0,0,T;) (0,0,-T,)
622 1 T.T,,T) | (E.C), (M. T, T) (1T, o).
(CL,Co), 7, L (T, T T,)
(Cs.Cy), (ST, L) (AT, T, —T2,T3),_
(E (T, +T,T,-T,) (T,-T,-T,.T,).

(C2,C2),

(C§3,C§’3 (Tl’Tl _Tz'_Ts) (_Tl’_T1+T2’_T3);

(Tz 1T1’ _Ts) (_Tz ! _T11 _Ts)

2 ©00T) | (EC) (0.0,T,) (0,0,-T,).
(CiaOFY, (0,0.T,) (0,0,-T,)
(C;.C3) (0,0,T,) (0,0,-T,)

3 (0,0,T;) (E,Cj), (0,0,T;) (0,0,-Ty) .
(C:.CL, (0,0,T,) (0,0,T,)

6 00T) | (E.CL) (0.0,T,) (0,0,-T,)
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6mm 1 T.7,.T,) (E,C,), (M1, T) (T,-T,,T,).
(C:,Co), T -T,T,T) (4T, -T,T,).
(C5,C)), T, -T.+T,T,) (T, T.-T,T,)
CN) T -T,-T,T,) (T.+T,T,.T,).
(9420.), (T T, +T, ) (LT, -T,.T).
(C4310ys) ’
T, T.T.) (T,.-T.T.)

2 (0,0,T,) (E,0,), (0,0,T;) (0,0,-T,).
(Clro), (0,0T,) (0,0,-T,)
(C.045) (0,0,T,) (0,0,-T,)

m (T,,T,,0) (E.C,). (T..T,.0) (-T,,-T,,0).
€ cy). (T,—T,,T,0) (T, +T,,~T.,0)
(C2.CH) (T,—T.+T,,0) (T,,T,—T,,0)

mm2 (0,0,T,) (€5 (0,0,T;) (0,0,-T)

3 (0,0,T,) (E,o,,), (0,0,T,) (0,0,-T,) .
(C.0.) (0,0,T)) (0,0,-T,)

3m (0,0,T,) (E,C/) (0,0,T;) (0,0,-T;)

6 (0,0,T,) (E,o,,) (0,0,T,) (0,0,~T)

62m 1 T.7,,T) | (Eo), (T T o) (T, T, - T,).

(&= .C) (=TT TN L7, T, T,).
(S:,C0), (T, T.~T,-T,) (T, T,-T,T,).
(Ch.000), (T 4T, T, -T,) (T.+T, T, T,).
(Cai0.2), 0T -T,-T) (LT,-T,T).
(Caa10) (T, T, -T,) (-T,-T.T,)

2 (0,0,T,) (E,0,), (0,0,T,) (0,0,-T,).
(G (0,0,T,) (0.0,-T,).
(C3.8) (0,0,T,) (0,0,-T,)

m (T, T,,0) (E,C;)), (T, T,,0) (-T,+T,,T,,0) .
(S3.C). (T, +T,,—T,,0) (T, T,T,,0).
(S5,C) (-T,,T,-T,,0) (T,,-T,,0) |

mm2 (0,0,T,) (S3,S;) (0,0,T,) (0,0,-T,)
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3 (0,0,T,) (E,S5). (0,0,T;) (0,0,-T,).
(0. Cl) (0,0,T,) (0,0,-T,)
3m 0,0T) | (E.S.) (0,0,T,) (0,0,-T,)
6/mmm 1 T, T,.T,) (E, 1), (T,T,,T,) (-T,-T,,-T,) .
(Cs.S5), (=T, T, T,) (T, +T,, =T, —T,).
(Cs.55), T, T, +T,T) (T, T, —T,-T,).
(C5,S6), (T, =T, T,) (T, T, +T,,-T,).
(C;.5), (T, 4T, T, T) (L-T, T, -T,)
(C..0,) (-T,-T, T) (T, T,,—T,). |
(G210 (T,+T,.T,-Ty) (,-T,,—T,.T,).
(Cl1042), '
o iy (T =T, -T) (T, T+ T,.T,).
o (T, T, -T) T, T.T,).
(CL.0.,), (T,-T,,-T,,-T,) (-T,+T,,T,,T,) ;
(CL.0.) (T, =T, 4T, -T,) (LT, -T,.T,).
(0,.T,.57,) (STRST, ) |
2 ©oT) | &), 00T) 00-T)
(C;.S5). (0,0,T,) (0,0,T,).
(Cs. ), (0.0,T,) (0.0,-T,).
(041, Ca), (0,0,T,) (0,0,-T,) .
(2 C22). (0,0,T,) (0,0,-T,)
(043:Cls1) ’
(0,0,T,) (0,0,-T,)
m (T,,T,,0) (E, 1), (T,,T,,0) (-T,,-T,,0) ,
(C;.55). (T,=T,,T.,0) (T, +T,,T,,0)
Ccasil (T,,=T,+T,,0) (-T,,T,~T,,0).
(Ca1.00), (T, +T,,T,,0) (T,=T,,T,,0).
(Ca2,02) (T, T.-T,,0) (=T, =T, +T,,0)
(C.043) ’
(-T,,T.,0) (T,,T.,0)
mm2 (0,0,T,) (E, 1), (0,0,T;) (0,0,-T,) .
(Cs.S5), (0,0,T,) (0,0,-T,) .
(Cs.S;) (0,0,T,) (0,0,-T,) |
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3 00T) | (&), (0,0,T,) (0,0,-T,)_
(CS 0y, (0,0,T,) (0,0,-T,)
(043.Css), (0,0,T,) (0,0,-T,).
(5, C2s (0,0,T,) (0,0,-T,)
3m (0,0,T,) (E,1),(C;,S3) | (0,0,T,) (0,0,-T,)
(0,0,T,) (0,0,-T,)
6 (0,0,T;) (E,1),(Cy.04) | (0,0T,) (0,0,-T,)
(0,0,T,) (0,0,-T,)
6mm ©0,0T) | (ED (0,0,T,) (0,0,-T,)
8 |23 1 (T,,T,,T5) (E,C,.), (T, T, T,) (T, T,,-Ty)
(C,y.Cy.), (-T.T,,-T.) (-T,-T,,T.)
(C31,Cai), (T, T, T,) (T3, -T,, - T,)
G (-T,,T,-T,) (-T,,-T,,T,)
(C5,.C3), (T, T,.T) (T,, Ty, -T)
(CoCo) = 5 A&, T
2 ©0,0T) | (EC,) (0,0,T,) (0,0,-T,)_
(C5.,Ch), (T.,0,0) (<T,,0,0).
(C5.C2) (0,T,,0) (0,=T,,0)
3 0,0T) | (E.C,). (0,0,T,) (0,0,-T,)_
(C,,.Cy,) (0,0,T,) (0,0,-T,) |
29 |m3 1 (T,T,.T,) (E, 1), (M, T5,T5) (T, -T,,-T,) .
(Cors ), (T,=T,,-T.) (T, T,,T,).
(CZy’O-y)’ (-T,T,,-T,) (Tl,—TZ,TB)i
(Carv02), (T,-T,.T) (,T,,-T,).
o (T, T, T,) (T, -T,T,)
Eg:; (T,T,-T) 0T,
(Cz: s:) (T-TT) (LT,
o5y |EmTmEL)
o5y (T ToT) (T, T, -T,).
Co55) (T ToT) (T, T T).
Co50) (T Ty T) (T T).
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(-T,,-T,,T) (T,,T,,.-T,)

2 (0,0,T,) (E. 1), (0,0,T,) (0,0,-T,)
(0,,C,0), (0,0,T,) (0,0,-T,)
(Cs1.S5), (T,,0,0) (-T,,0,0).
(32.C3) (T,.0,0) (-T,.0,0).
(Ca1 1), (0,T,,0) (0,T,,0)
(S2: Cao) (0.T,,0) (0,-T,,0)

m (T, T,,0) (E,C,,), (T.T,,0) (-T,,-T,,0),
(C,0.Cy,), (T,-T,,0) (T, T,,0).
(Ca1,Ca)s (0,T,,T,) (O, —Tl,—Tz)’.
(C2.Ca), (0,T,,-T,) (0, —Tl,Tz)j
ofE.) (T,,0,T) (-T,.0,-T)).
(C:.Cs) (T,,0,-T,) (T,,0,T,) '

mm2 (0,0,T,) (E.1), (0.0,T;) (0,0,-T).
(C41,C), (T,,0,0) (-T,,0,0)
(ewney (0,T,,0) (0,-T,,0) |

3 (0,0,T,) (E, 1), (0,0,T,) (0,0,-T,) .
(0,,C,,), (0,0,T,) (0,0,-T,)
(@,,Cy)), (0,0T,) (0,0,-T,)
(C,,.0,) (0,0,T,) (0,0,T,)
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132 I T.T,T) | (E.Cy) (LT T) (T =To,-Ty).
(C,,,Cy), (-T,T,,-T,) (—Tl,—TZ,'i'B)_
(CCh), T T) T, -T,)
(Cx.Cy) (-T,,T,-T,) (—T3,—Tl,'ly'2) _
(Ca, Ca2) T,,T..T,) (T,,-T,,-T,). |
(Cs.Cay) (-T,.T,,-T,) (—Tz,—T3,"I'1)_
(CZa'Czl_z)’ G-Z’Tl’_TB) (rz,_Tl,Ts)_ ,
E?b?i (T, T, -T) (T, T.T)).
e (T,
(T,T,.T,) (-T,-T,,-T,).
(Cae:Cay): (T, =T,,-T)) (T, T,,T.).
(Cix:Co) (T,-T,,T,) (T, T,,—T,) '
2 (0,0,T,) (E,C,,), (0,0,T;) (0,0,-T,)
(€5.C,), (0,0T,) (0,0,-T,)
(CC. ) (T..0,0) (-T,,0,0)
(Co0:Cao): (T,,0,0) (-T,,0,0).
(Ca1.Ca), (0,T,,0) (0,-T,,0)
(G20, Cor) (0,T,,0) (0,=T,,0)
1 (0,0,T,) (E.Cp). (0,0.T,) (0,0,-T,).
(Cse. Coer), (T,,0,0) (-T,0,0)
(CYRON) (0.T,,0) (0,-T,,0)
3 (0,0,T,) (E.C,, (0,0,T,) (0,0,=T5).
(C,,.Cy)), (0,0,T,) (0,0,-T,)
(Ca:Cap), (0,0,T,) (0,0,-T,) j
(Coe: Ca) (0,0,T,) (0,0,-T,)
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43m |1 T, T,T,) | (E.Cy), (T T T) (T, T, —T).
(C,,, Gy (-T,T,,-T,) (—Tl,—TZ,'i'B)_
(C5.C5), TTT) (M -ToT).
(Cs2.C3y), (-T,,T,-T,) (—T3,—Tl,'ly'2) _
(Cs, Ca), T,,T..T,) (T,,-T,,-T,). |
(Cs. Gy, (-T,.T,,-T,) (—Tz,—T3,"I'1)_
(C4arSa,)s (-T,,-T,T.) (_TZ,Tl’_TS)j
(O Sur). (T T T) (=TT
(T Sy (T, T,-T) (T, -T,.T.).
(Cgar Ot ) ’
o (-To-T,) (LT, T,).
L (T3, T,,T) (T3, =T, -T)).
(Sax Six) :
(-T,, T, 80 (<To—1,T,)
2 (0,0,T,) (EYCE (0,0,T,) (0,0,T;).
(60:Si). | (GOT,) (0,0,-T,).
(CiCoo) (T..0,0) (-T,,0,0)
C) (T,,0,0) (-T,,0,0)
(Ca1,Car), (0.T,.0) (0,-T,.0).
(4:00) (0,T,,0) (0,T,,0)
m (T.7,,00 | (E.Cy), (T,,T,,0) (-T,,-T,,0).
(Y (T.=T,,0) (-T.T,,0).
(3. Caa), (0,T,,T,) (O, —Tl,—TZ)’_
(Cy.Caa), (0,T,,-T,) (0,-T,,T,)
CLl (0.T,-T,) (0.-T,,-T,).
(C:.C3) (T,.0T) (T,.0-T)
mm2 (0,0,T,) (E,C,)), (0,0,T;) (0,0,-T;) .
. (T,0,0) (-T,,0,0)
(Ci1.Cs) (0,T,,0) (0,—T3,0),
3 (0,0,T,) (E.C,), (0,0,T;) (0,0,-T;).
(C,,,Cy), (0,0,T,) (0,0,-T,)
(C4a: Ogo)s (0,0,T,) (0,0,—T,) |
(Oger Oaa) (0,0,T,) (0,0,-T,)
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3m (00T) | (EGC,) (0,0,T,) (0,0,-T,)
(C,.C2.) (0,0,T,) (0,0,-T,)

32 m3m 1 (Tl,Tg,Tg) (E’ I)' (Tl’TZ’T3) (_T1'_T2’_T3) .
(Co 0, (T, T, -T) (T, T, Ty).
(Czy,O'y), (_T11T2’_T3) G-l’_Tz’Ts)j
Cowoh (T @),
(C5.5a). '
A g (T, T T,) (T, =T,-T,).

i (T, T.-T,) (L, -T.T,).
(Gime.. ) ’
(C;,Sg‘l), (_T3'_T1’T2) (T3'T1'_T2);
Case) eyl ) CRLT),
(C;z’ ng)’ (TZ’T3’T1) (_Tz1_T3'_T1) ;
(oS0 (T, —ToMh) (T 4T
(CS‘NS&), (_T2’T3’_T1) (Tz,—T3,Tl);
(C,a:04), (T, =T T) (T, T3, Th).
(Cons Or) 0T ET,) CR-T. T
(Coor0), (T, T, -T,) (L, T, T,).
(Coa100) AT, THETPY,, T
(G 00). (T, T, TN
(Cyri04), '
(CZ ,S; )’ (_T1:T31T2) (l'l,—T3,T2);
(C; SX) (_T1’_T3’_T2) (Tl,T3,T2);

A (=T T,) (T, T,-T,).
(S ’
M (T, T,=T) (T, T, T)).
€5y, | BT LT,
o (T T, T) (=T, =Ty,

(Tzi_Tl’Ts) (_TziTl’_Ts)

2331 |Page




T SREENIVAS, S UMADEVI, M VIJAYA LAXMI / International Journal of Engineering Research and
Applications (IJERA)  ISSN: 2248-9622 www.ijera.com
Vol. 2, Issue 3, May-Jun 2012, pp.2318-2334

2 (0,0,T,) (E, 1), (0,0,T,) (0,0,-T,).
(0,Ca), (0,0,T,) (0,0,-T,).
(90:Ce) (0,0,T,) (0,0,-T,).
CorSuk 001 00,1
gfl’zej))’ (7,.0,0) (-T,,0,0).
Caiga) o, | 00 CT00,
Ay o (7,.0,0) (-T,,0,0).
(Ca1r S22, (T5,0,0) (-T5,0, 0);
6oC) | 01,0 0.-T,0.
(C.ur0s) (0,T,,0) (0,T,,0)
(©4:C, ) (0.T,,0) (0,T,,0).

(0.T,,0) (0,T,,0)

m (T,,T,,0) (E, 1), (T,7,,0) (-T,,-T,,0) .
(Co0 ), (T,,-T,,0) (=T, T,.0).
(a1 Ser), (0,T,T,) (0,—T,,-T,).
(Ca2:5) (0.T,-T,) 0,-T,.T,).
(Co: 35 (T,.0.T,) (=T,,0,-T,).
©adad | (1,0T) (0T,
(Cra:00), ’
o (T, T,0) (-T,.T,.0)
C.oo) 0.-T,T) O, -T).
Cooy) | CTOT) (,0-T).
(Cyi.04) (0,-T,,-T) (O,T,,T)) .
(CL. Sz (-T,0,-T,) (T,,0,T,).

(-T,.T,,0) (T,,~T,,0).

mm2 ©00%) | (EC,) 0.0,T,) (0,0-T,)
G, (0,0,T,) (0,0,T,).
(C1.Ca). (T,,0,0) (T,,0,0)
(CoerCar), (T,0,0) (-T,,0,0)
(Cs1,Car), (0,T,,0) (0,-T,,0)
(Ca0:Car) (0.T,,0) (0,T,,0)
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4 (0,0,T,) (E, 1), (0,0,T;) (0,0,-T,) .
(Cor ), (0,0,T,) (0,0,-T,).

(Cay, S, (T,,0,0) (-T,,0,0).

gg)) (7,,0,0) (-T,,0,0).

(S;:’Cz ) (07,0 (0.-T,.0).

(0,T,,0) (0,T,,0)

amm 0.0T) | (EC,), (0,0.T,) (0,0,—T,)_
(C3.Cs). (T..0,0) (-T,,0,0).

(C5:.C5) (0.7,,0) (0,T,,0)

3 (0,0,T,) (E, 1), (0,0, T;) (0,0,-T,) .
CHW (0,0,T,) (0,0,-T,)

(0,,Cy). (0,0.T,) (0,0,-T,)

Egzz z)’) 0.0T)) (0.0,-T,).

(c;a:b) (0.0T,) (0.0,-T,).

Co ot 0.0.T,) (0,0.-T,).

C,r0) (7,.0,0) (-T,0,0)

(0,T,,0) (0,-T,,0)

3m (0,0,T,) (E, 1), (0,0,T,) (0,0,-T,)
(S2:C5), (T.,0,0) (-T,,0,0).

(85:Ca). (T,.0,0) (-T;.0,0).

(Cei: ) (T,,0,0) (-T,,0,0)

Conclusions:

In this paper, Ferrotoroidic domain pairs are calculated by using coset decomposition for 116 ferroic species, taking 32
point groups as prototypic point group. As an example the ferroic species 4mmm F m is illustrated. This can be extended for
calculating the domain pains for all 116 ferroic species, taking 32 point groups as prototypic point groups. And the results are
given the table 1.2.
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