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CmmosaH P-cHMMeTpHH MarHHTHI>IX KpHcrannos. MoHOKllHHHLie 

H poM6H40CKHe CTpyKTyphl 

PaccMorpena reopHH npocrpancrsenHhlX cnnHonwx rpynn s npHfillH~e

HHH P -CHMMerpi!H If yKa3aHa o6waH cxeMa HX BLIBO!la. 3anaqa BJ,mona Br-ex 

npocrpaHcrseHHbiX cnHHOBLIX rpynn nocrasnena 3aecb allH rex "ce"eiicrn" 

CIH!IlOBbiX rpynn, KOTOpble CBSI38llbl C peallbHbiMH \1arHHTHbiMH CTpyKTypa\IH, 

ilnH 3TOrO llOll>KHa 6b1Tb onpeneneHa CDHHOB851 CHMMeTpKH 3KCnepH~IPI!TallbHO 
ycTaHOBlleHHhiX MarHHTOynopSIIlO'!eHHLIX KfH!CTillll!Ofl, rJpHBO!leHbl Ta6JII!llld 

rpynn CHM,teTpHH crpyKTyp MOHOKllHHHOft II po"61148CK0lt CI!CTeM, CnH!!OBidO 

npocrpaHCTBeHHbiO rpynnu onpe;telleHtd Ha OCHOBe cyweCTBY!OWHX 
Hei1 rpouorpaqmqeCKI!X nanHI>!X. 

Pafiora Bb!riOllHella B na6oparopKH reopeTJI4eCKOii tjJH3HKH Ollf!ll. 

Co061l.leHHe 06'beJJ.HHeHHOrO HHCTHTYTa Jl.llepHWX HCCne.llOBaHHB. ,lly6Ha 1977 
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Spin P-Symmetry of Magnetic Crystals. 

Monoclinic and Orthorhombic Structures 
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The theory of spin space groups in P-symmetry approxi~ 
mation is briefly reviewed. The spin space groups of I 

magnetic structures belonging to the monoclinic and 

orthorhombic systems are given, 
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- (P) 
The spin stPace group of P -symmetry <I> s 

is defined /l- 1 as the group of all spin
space transformations (P.~) which leave inva
riant a spin density function s(r): 

-+ -+ --+ -1 -+ -+ --+ 
(p.~)S(r )=PS(cp r)=S(r ). (1) 

Here, ~ is an element of the space (Fedorov) 
group <I>= TO. P is an element of the group 
P = oo oo 1' consisting of all three-dimensio
nal rotations and time inversion 1' 

- (P) 
The group <1> s 

direct product of 
the "basis" group 

is a subgroup of the 
the "load" group P and 
$: 

<f; (P) C p X $ 
s - (2) 

The groups P and <I> act in different spaces. 
In eq. (1), an element ~ of <I> acts only on 
the coordinates r of magnetic atoms, while 
an element P of P acts only on the compo
nents of the spin vectors. 

A spin space group is a direct product of 
a spin-only group p and a junior (nontrivial) 
spin space group <I> ~P) 12

'
61

. The groups P are 
as follows: 

~ 
(oo 2 '2' 

= 1 
(2~) 

p p = 1 I p 8 = 1 (1) (3) 
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for linear, planar and spatial magnetic 
structures, respectively. According to the 

17-91 general theory of P-symrnetry . a col-
lection of load elements p in the junior 
group <I>~P) _, <1> forms a group, which is 
isomorphic to the fa_ctor group <I>/<1> *. The 
load elements P of Pare paired with basis 
elements $ of <I> by the homomorphism: 

<I> _, P ·~· <I> I <I> * . ( 4) 

where <I>* is a normal subgroup of <1> and P 
is a subfroup of P. Every nontrivial spin 
group <l>~P is i sornorphic to basis group <I>. 

The scheme (4) is used as the general 
principle of derivation of all spin groups. 
The spin point groups 

(P) -a
8 

.;:_ P x o . G (P) .--• G s , (5) 

where a is a crystallographic point group, 
are tabulated in/5 •11/. Spin translation groups 

T ~P) s;. p X T , 
(p) 

T
8 

, _ _, T < <1>. (6) 

where T is a translation group belonging to 
one of the 14 Bravais classes, are tabulated 
in 110

/. No tables of spin space groups are 
available. In principle, two categories of 
spin space groups are known. There are 
<I>~P) =TG~PJ and ¢~P)~T~~1)G. For the 
third category cv(f) = T~PJa(P) only the so-
called 2-,3-,4-,5-coloureJ groups of 
the general p -symmetry are known 14

·
16 

· 

The number of spin space groups is very 
large, so we limited a derivation of spin 
groups to some of the "families'' of space 
groups that are connected with the experi-

4 

mentally determined magnetic structures. For 
that, the spin symmetry of real magnetic 
structures have to be known. 

In this paper, a description of the symmet
ry of magnetic structures belonging to the 
monoclinic and orthorhombic systems is given. 
Only the case of P-syrnrnetry is considered. 
The description of more complicated strutures 
by the use of the theory of w -symmetry '12.13/ 

will be given elsewhere. 
The spin space groups were established on 

the basis of experimental data contained in 
the '~agnetic Structures Determined by Neut
ron Diffraction" 1141 . 

The magnetic compounds listed here are 
collected in Tables 1 and 2 according to 
the crystallographic systems with an alpha
betical order of chemical symbols of the corn
pounds within each system. The Tables are 
divided into four parts named on page 8. First, 
the chemical symbol of the magnetic compound 
is given. Second, the magnetic atoms of the 
compound are specified (with their positions 
in the crystal unit cell in ~yckoff notation), 
as in ref . 115 ~ Next, the symbol of the spin 
space group is given. 

The notation of spin space groups is based 
on the international notation of space groups 
and it is a straightforward generalization 
of the notation of magnetic space groups. 
The syrnbo 1 of a spin space group ci> ~P) 
consists of the symbols denoting the spin
only group, the spin lattice of <I>~P) and 
the rotations and reflections (with the 
corresponding non-primitive translations) 
of <I>~~- The spin lattice is indicated by an 
international symbol P , c , A , B , I , F 
of the crystal lattice with a subscript 

5 



-> 
(P 1P2 P3). where Pi =P(ai) are the loading ele-
ments of three translations ai (i=1.2.3) 
which generate the crystal lattice. 

The setting of lattices is chosen as fol
lows: 

The primitive lattice P is defined by 
the primitive vectors I a 1 • a2 • a3 I. The 

monoclinic side-centred c by I a
1

• _.a
2 

• a
3

J. 
-) ~ __, -) 

1_. a+b-+ a-b _. ..... 
a 1 =-

2
---.a2=-

2
-. a3 =cl w1th the two-fold 

axis parallel to b. The orthorhombic centred 
lattices are defined by 

.... 
A = I i = a . a ,.. ~~ .... b -c 

1 2 2 , aa=-2-1 

.... .... -> -> -> 

2 
B= I a 1 = 

a+ c . a2=b, aa=.J!:..=Q.I 
2 

-- a+b a-b -- --c =I a 
1
= -- , a 

2 
= --, a

3 
= c I , 

2 2 

-) -) -+ -+ 
I =I a - -a+ b+ c 1-----· 

2 

-) "1. -+ -+ -) ... 
a-o+c a+b-c 

a 2 = ------ ' c = ------1. 
2 2 

In the rotational part of the symbol of the 
spin space group <I>~) the spin elements are 

(pk) ~ 
denoted by ¢ j • where ¢· = (R j I r (R j )) ·I\= pk(R. ). 
R j is a proper or imprbper rotation,-; (R j) J 

is the nonprimitive translation associated 
with Rj ,pk(Rj) is an element of the load 
group P. · 

6 

In the fourth column of the Tables, the 
axial vector S(r) representing the magnetic 
structure of the compound is given for one 
position vector r1 . The position vector r1 is 
chosen from the set of equivalent positions 
and it is expressed in fractions of the crystal 
unit cell edges, as in_. ref. 1151 . The compo-
nents of spin vectors S~) are given in lo-
cal system of coordinates xyz. arbitrary 
oriented to the crystal lattice axes XYZ. 
For convenience, the axes xy z can be chosen 
as coinciding with the axes XYZ. 

The magnetic structure of the one-lattice 
model of the crystal (simple crystal) can be 
generated by the spin space group ¢~) 
from the single spin located at rl: 

-+ -> ;;t -> - ( P) ! S ( r 
1
. ) = (P . , r/> . ) ;; ( r 

1 
) I ( p . • r/> . ) ~ <I> I . ( 7 ) 

I I I I S 

For many-lattice crystal, the magnetic 
structure can be generated by the same spin 
group from the spins s (r1 ) 1 , S(r1 )u • etc. 
The common spin space group for different mag
netic structures (simple crystals) or for dif
ferent phases is explicitly denoted by a curly 
bracket I . 

It is important to nojice, that the same 
senior spin space group ~~P) can be deter
mined by p and by different equivalent 
junior groups. <I>

8
(P) • In Table 1 and Table 2, 

as a representative group <I>~P) the simplest 
one is chosen. 

In the fourth column, the symbols T and Tt 
denote temperature and transition tempera
ture, respectively; q, real numbers. All 
numerical data can be found in ref. 1141

. 
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00 Positions 

C011pound 
0~ Spin space group .. magnetic Spin vectors 

atoms .. 

Table 1. MONOCLINIC SYSTEM 

.lu5Kn2 Mn1 /a I c (f)/ ( ') .,, CD ('ttt') 2 m s(o,o,o) ==(U,V,W) 

CoC12.2H20 Co /a I 'c '"I co s(o,o,o) Co,v,o) /Jt. f1J (1't't) 2 m = 
CoCl2•2D 0 

CoC12• 6H2o Co /a I c (f)/ (1) ,.,. 411 (1 11') 2 m s(o,o,o) = (o,o,w) 

CoJ'e2se
4 

Fe /c I ~(/J c(111) 2 c-r>; m (1) s(o,o,~) = (u,o,o) 

Cowo
4 

::::o /~ I (1') (t') .,'(.a> .,., (1'17) 2 '/ c 1 1) S(i:,y'-+ = (u,o,w) 

CrF2 Cr /a / 
(1') (1,) 

., ... 4) /> (, 1 ) 21 '/ c s (o,o,o) = (U, 0, W) 

CrFe2se
4 Fer /c I c1> I c1> .,.,,.(JJ C ( 111) 2 m s(o,o,f) = (o,v,w) 

Cr
2

N1S
4 

Bi /c I C (1 >I (1 > 1 S(O, o,j_) == (U, V ,W) 

Cr /1 I ""CD ( 11f') 2 m 
S(x,o,z) = -q(u,v,w) 

Cr /d I 
(1) (t') sc~.~·z) = cu,v,w) crs Pt. aJ c (111) 2 I c 

Table 1, CO"lto 

Gr3s~ Cr1 /c I ,f. CZ) c (11 () 
2('>!m(1) { s{o,o,I) = (u1 , v1 ,w1 ) 

cr
3
T 

4 Crii /i I S(x,O,z} = (U.z.,Vz.,W.z) 

CuF2• 2Ii20 Cu /o. I (1>; (1) 
'1.-t!IC(t't't)2 m • s(o,o,o) = (o,o,w) 

Cu /f I 
(1') (1') 

s<i•Y•t) = (u,o,w) CuW0
4 1'-t.CD/J(t'11)2 7c 

DyOOH Dy /e I 
, (1~ (f) 

s(x,l,z) = (u,o,w) '?t. t1J ( 111) 21 '/ m 

ErOOH Er /e I /> (1)1 (1') A. at r 111 ) 21 m s(x,i,ll') = (o,v,o) 

FeCr2se
4 

Fe /c I c (1}/ (1) /Jf. CD (111') 2 m s(o,o,o) = (u,o,w) 

Fe(HC00)-2H20 Fe
1 

/a I (t'J (1') 1 s(o,o,o) = cu,o,w) 

Fen /d I '' ~P(111) 21 r c s(f,o,f) = -q(u,o,w) 

FeNb0
4 

Fe /f I p (1'); (1') 'f. fZj (1'11) 
2 c s(f,y,l> = (u,o,w) 

Fe :fPC 4> 24H2o Fe1 /a I ( .&.))· ( )..'J) { S(O,O,O) = (U,V,W) 

Fen /e I 
fJI' fll :p ( 111) 21 I a 

s(x,y,z) = <u,v,w) 

Fef!>o 4) 28H2o Fe1 /a I c (f)/ (1) { s(o,o,o) = (u,o,w) 
/Jt.. CD (111') 2 m 

Feii /g I S(O,y,O) = cu,o,w) 

Fe
3
se

4 
Fer /c I (11/ C1) { s(o,o,}> = (u,o,o) -, ... at C(U 1 ) 2 ID 

Fen /g I S(x,o,~) ::; (u,o,o) 

~ 



-0 
~ 1 Table 1 cont. 

IPeY04 Fe /f I (1') (1') 1'-c.. CZ) Pc,'tt> 2 I c sc!,y,~) = (u,o,w) 

L1CuC1;2H20 Cu/e I ,... tJ) 1> 2 ( 1 )/ c {f') 
(111) 1 S(x,y,z) = (u,o,w) 

Mn(DC00)22H2o ~ /a I .,. CD .;:> 2 (f) I c (f) 
" (111) 1 

s(o,o,o) = (o,v,o) T )Tt 

Kn(DCOO) 22D20 (1') (1') { S(o,o,o) = (u,o,w) T<.Tt 
Mn:rr /d I A•P(111) 2 1 '/c sCf,o,f) = -q(u,o,w) 

14n1'3 Mzl:r /a I c (1) (1') s(o,o,o) = (u,v,u) 
Afl) (111)2 I c 

Mn:rr /! I S{x,y,z) • q(u,v,u) 

IUC1
2
•6H

2
o Ni /a I j. (1)/ (f) f, Cl) ~ {111') 2 m s(o,o,o) = (u,o,w) 

NiW04 Ni /! I ., • ..p 2 (1'11 c ( 1'} 
.. (1'11) s(f,y,~) = (u,o,w) 

et- 0 
2 

o
2 

/a I (1 >t (f) A. til C (1't't)2 m s(o,o,o) = (u,o,w) 

Table 2. ORTHORHOMBIC SYSTEM 

AgiP Ag /a I IJ (1) ( z.,> (I.. 'I) J'p fl) ( 117 ) b cc a a s(o,o,o) = (o,v,w) 

BaFe
2
o4 Fe1 /! I {1'} (1) ( 1') l s(x1 ,y1 ,z1 ) = (o.o,w) p, tO B(t't't)m 2 m 

Fell /f I or S(~ ,z2.} = (o,o,w) 
J (1') (1, (1') ,, CD (1, 1 , 1> 2 m m 

B1lln205 Mll:r It I (l.J) (l.y) (1) { s(o,i,z) = (u1,v,.o) p,. ,. 1}1, 1, 
1

) b a m 
Mnii /g I S(x,y,o) ~ (u4,v,,o,> 

CaFe2o4 Fe1 /c I J.,.a» '/)(711) 
('1) (1) (1) { S{x1 ,y1 •l> = (o,o,w1) n a m 

Feii I c I or s(~ ,yz.,~) = (o,o,w2) 

A•:IJ n(1?aC1)m(') 
t. (111) 

Ca21e2o5 • !e1/a I ~ CD 1' c (1 'Jm ( 1 'n (1') { s(o,o,o) = (o,o,w) 
Feii /b I 

... (111) 
scl,o,o) = (o,o,w) 

CaMn
2
o4 Mn /e I ~ (1) (f') (1') "'e (t,f1) b c m ~,y,z) = (u,o,o) 

Cezn
2 Ce /e I "J: Cit I m (1 > m C1> a (1 '> 

.. (111) s(o,l,z> = (o,v,o) 

ac.-coso4 Co /a I (1) 0,) (1') s(o,o,o) = (o,v,w) - 'AID C (,,,,1,m c m -



-N 

-----------------
(?> -coso4 

CoC:0
4 

Coseo
4 

Co
2
s10

4 

cruo4 

Cr'riNd0
3 

CrV0
4 

CsCoC132H20 

CuS04 
CUSeO 4 

Dy:PeO 

DyNi 

ErG a 

ErNi 

Co /a I 

Co /a I 

Co /a / 

Cor /c I 
co

11 
/c I 

Cor /a I 
co

11 
/e I 

Cr /c / 

U /c I 

lld /g I 

Cr /a I 

Co /c I 

Cu /a / 

Cu /a I 

Dy lc I 

Dy lei 

Dy lo I 
Cr /b I 

:Pe /b I 

Dy lc I 

Dy /c I 

Er1 lc I 
Eru /4 I 

Cr /b I 

Er /c I 

Er /c I 

Er /c I 

+. (l..z) (1.!1 (.._.a. 
~s CD r 011 > b n m 

(1} (1") (1} 

'""CDC c111 ,>m c .ro 
'1\ a"> C-4> (.l.a.> 

f'.sCDr011 )b n m 

{1") (1) (1"') 

ft.. a> 1J (111) n m a 

A 
(1) (1) (1) 

'?1.-a;, (111)b a m 

-~. 1'11 bc.r. .. > c~J o . .IL> 
r~IDr-(111) n m 

-f) - r> b (.l~) 0.31.') ( 1,) 
rP- (111) n m 

.... (l.:> (..W (1) 
'/JJII • ,..r , 7) b n m 

(t") ("') (1) 'h CD .,{111) b n m 

,.. (1") (11 (f) 
fit. CD ro1 1) b n m 

..,. (1') (1) (1") 
p.,_ CD r ( 111 > b n m 

71 (..t~) ~) (1) 
f'p ~ rr111 ) b n m 

or 
4.. - '1\ b(~) (.l•> (7) r/'- T ( 111) n ffi 

-., r.z .. ) c n c.&.~) 
/JpiD (?11) n m a 

+. :-A {.l.x'> (..t,;> (J.;) 
r:s D T ( 111 ) n ffi a 

-11 CD 1> b(t')n(t)m ( 1'> 
r" (111) 

-b. - "11. b(7') (7") ( 1) 
~ - r (111 ) n m 

C 
(1) (..t.c> (La) 

'/JPCD c111> m c m 

11 - ,., (.ta.) (1) (.c. .. ) 
r'l'- r (111)n m a 

Table 2, cont. 

s(o,o,o) = (u,v,w) 

s(o,o,o) = (u,o,w} 

s(o,o,o) = (u,v,w) 

~ s ( x, 'l' z 1 ) = ( 0 'v' 0) 
l s(xl•i•zz.) = (o,v,o) 

{ 
s(o,o,o) = (o,o,w) 
s(,,y,!) = (o,o,w) 

{ 
s(o,Y,·l~ = (o,v,o) . 
s(o,yz.•+> = (o,v ,o) 

s(x,y,o) = (u,v,o) 

s(o,o,o) = (u,v,w) 

s(o,y,!) = (u,o,w) ... 
s(o,o,o) = (u,o,w) 

s(o,o,o) = (u,o,o) 

s(o,o,o) = (u,v,o) 

Table 2, cont. 

s(x,y,l) • (u,v,o) 

s{x,y,~) = (u,v,o} 

{ 
s(~,y·l> = (u,v,o) 
s(z,o,o) = (o,o,w) 

t 
S(f,O,O) = (u,o,o) T) Tt 

s(l,o,o) = (o,u,o) T<:Tt 

s(x,y,l) = (u1 ,v1 ,o) 

s(x,l,z) = (u,o,w) 

[S(x
1
,l,z1 ) = (o,v1 ,o) 

l S(xt,yL,zL) = (u,v,w) 

f 
s(f,o,o) = (u,o,o) T )Tt 

s(i,o,oo)= (u,v,o) T<Tt 

~,y,1) = (o,o,w) 

s(o,y,i) = (u,v,o) 

S(x,~,z) = (u,o,w) 



-~ 

I 

BrlO' 

~•2Ge84 

r-reOOH 

'V/b/ 
Er /c I 

~e1/a I 
~ell I c/ 

~e /a I 

~e /c I 

~. /c I 

~. /a I 

~e1 /a I 

~•u/c I 

Fe /c I 
U lc I 

-<t--------

HoAl 

HoCoo
3 

HoCr0
3 

Gd lc I 

h /b I 

~lc I 
~11c I 

Ho1 ld I 
Hoi! ld I 

Ho /c I 

Cr /b I 

Ho lc I 

Fe /b/ 

Ho lc I 

Fe lc I 

(1') ~) (.C.') 
/'P• ~(111) b n m 

7i (.(.a) (A.:> (1'} 
~~ CD r111 > n m a 

-1> (.(;> C'-f> ( .t~) 
1'3 • "(111) n m a 

~ (1) (A.yJ o.,) ''CD r(111) n a 21 
~ (1') (1) (1) 

~f. CD r ( 111 ) n m a 

C (1) (1') (t') 
1'~ CD ( 111 ) m c m 

C (1) (1") (1') 
..,, • (1'1"1) m c m 

-A (1') (1) (1") A. • r 011 > n m a 

., (.t~> (~) (A.~) 
/+.CD..,.(777)n m a 

-II .. b(J.a) (1) c.z. ... ) r" CD r-(111) c n 

-11. (.Ly) (A.y) (1) 
p,m r(111) b c m 

(J.y) (l.;) (1) 
-,Pa;,1J011) b n m 

(1') ( 1) (1") 
p, m '/J(111) b n m 

., t4a) (J.;> rz.:) 
fJ~(J,J.,.( 11 1) b n m 

.~ b(1") (1)m(1') 
'11.4).,.(111) n 

"" f~) (.tf> (.Z.>.,') 
p.sm.,.(111)b n m 

(1') ( 1) ( 1,} 

'A.~ :p(1ft) n m a 

Table 2, cont. 

l s(!.o,~) = ( o,v ,o) 
l s(x,y,+) = (o,o,w) 

{ 
s(o,o,o) = (u

1 
,v1 ,o) 

S(x,~,z) = (u,, v1 ,o) 

{ 
s(o,~,o) = (u3 , v3 ,w3) 

S(x,_.,z) = (u"' ,o,w,.) 

s(x,y,z) = (o,v,w) 

S(x,!,z) = (o,v,o) 

s(o,y,~) = (u,v,o) 

s(o,o,o} = (o,v,o) 

i 
s(o,o,o) = (o,v,o) 

{
s(o,o,o) = (u,v,w) 

s(x,l,z> ==(o,v,o) 

L s(o,y1 ,;) = (o,v11o) T)Tt 

l s(o,h•!> = (o,v2.,o) 

{ 
S(O,y1 '11) = (U1 ,o,w,) T<.'l'. 
S(O,yz., ) = (Uz.,O,O) c; 

Table 2,cont. 

s(x,y,l) = ( o,v,o) 

s(f,o,o) = (u,o,o) T > Tt 

{ 
s(x

1
,y1 ,z 1 ) = (o,v1 ,o) 

S(xz tYz., Zz.) = ( G, Vz., 0) 

{ 
s(x1'y1'l) = (u,v,o) 
s{xz.,Y%.•l> = (u,v,o) 

s(x,y,l) = (u,v,o) 

f
s(!,o,o) = (u,o,w) T )Tt 

s<f,o,o) = (o,o,w1) T4. Tt 

s(x,y,i) = (u2.,v~,o) 

s(f,o,o) = (u,o,o) T )Tt
1 

s(1,o,o) = (v,v,w) ~t<T<Tt .z. a. 1 

s(l,o,o) = ( o,o,w1) T<. Tt 
' L 

s(x,y,~) = (uL, v1 ,o) 

s(x,1,z) = (o,v,o) ... I! J<FeC1
3 

~L---------------------------------- --------------------



- Table 2, cont. 
en 

Fe /a I 
(1') (11 (t ') 

s(o,o,o) = (o,o,w) D'eF4- A. G> Ar111> m m a 

Er /b I 
l..t.r> (~) (A.-.) s(i,o,o) = (u,v,w) 

La.ErO' 'P3 ~ 1'(111) b n m 

La.Mn0
3 

Mn /a I 
1' tly> (.ly) (1) s(o,o,o) = (u,v,o) -,, CD c1 u) n m a 

Co /c I 
Ct'> (1) (1) s(x,l,z) = (o,v,o) L1Col?04 

.,..... '1Jc 111> n m a 

LiMnP04 Mn /c I ~ o'> c1> r1> p.._ CD (111) n m a s(x,~,z) ~ (u,o,o) 

~1NiP04 Ni /c I '/'-c. CD 1>(111) n 
(f') {7) (1) 

S (X, l, Z) = ( 0, 0, VI) m a 

Cr /b /2 
'fj ,,., ('f) (1') 

s(i,o,o) = (u,o,w) Lucra
3 "A.a:J (111) b n m 

Fe /b I 
(1') (1) (1') 

s(f,o,o) = (u,o,o) LuFeo
3 

p ... CD 1 ( 111) b n m 

Mn2GeS4 
Mn1 /a I (1') (1) ( t') l s(o,o,o) = (o,v,o) 

1'1..tZJ'lJ(111)n m a 
~I /c I s(x,l,z> = ( o, v ,o) 

MnP Mn /c I 
1> (1) (1) (1) /Jt.. CD r 111 ) b n m s(x,y,~) = (o,o,w) T )Tt 

Mn2N :r.rn /d I ? b (.ly) 0-y> (1) 'fi'CD (111) n a S(x,y,z) =(u,v,o) 

MnSeo4 
I,!n /a I j>. CD 1 b(?) n('1'Jmr1·> 

'(. (?11) 
s(o,o,o) = (u,v,o) 

Mnuo
4 

Mn /b I I ct> c1> rt> 
"- CD (1•1,1 .. ) m m a s(o,o,!> = (o,v,o) 

"--------~-~-----------" 

Table 2, cont. 
.Mn

2
S10

4 ~ /a I J6._ •~ nc1"Jm'''a ,., .. , f s(o,o,o) - (u1 ,o,ol T)Tt (fff) 

"/'. CD "I' (.l.a,) (£A> (t') s(o,o,o) • (u,o,w) T< Tt 
lifn:rr /c I 

~ (111) n m a f s(x,,,z) = (uz.,o,o) 

NaCoF
3 

Co I b/ J', CD ~ b(t')n(1 > m,, .. , 
c. (111) sa,o,o) =(o,v,o) 

NaNi.P
3 

Ni /b/ fJ, CD :f:> lJ.,_) (1) (La.) 
P (111) n m s(I,,o,o) = (u,o,w) 

Na
2

Ni.PeF
3 Ni /c I , CD I (1) (7)2 (1) f S(x,o,z) = ( u1 ,o,o) 

1. (ff'f)m m 
Fe /d I s(o,y,z) = (uL,o,o) 

Nd.Al Ndi /d I fl CD 1> · b(-l.;a.) (~) ( 1 ) { s(x1 ,y1 ,l> = (u,v,o) 
' (t't1) c m 

Ndli /d I s(x1,yL'*) = (u,v,o) 

NdC:r0
3 Cr /b I { sc!.o,o) = (u,o,o) T )Tt /> CD 1J b(t') (Z..:J ( 4) 

/> (111) n m s(l,o,o) = (v,v,o) T<.Tt 
Nd lc I 1 ' S(x,y,4) = (o,o,w) 

NdFeo
3 Fe /b I f a> '/) b(t'J (tl (t'J 

t. (111) n m s(i,o,o) = (u,o,o) 

Nd.Mn0
3 Mn /b I fl. lD '1J b { 1 ) n(t')m(t') 

~ (t 11) s(i,o,o) = (u,v,o) 

NiC:r0
3 

Ni /a I c (1) (1 1
) (1') . p.,_fl) (111) m c m s(o,o,o) = (u,o,o) 

- Ni(IO ) •2D 0 Hi /a I f. ~ fJ b(.t~) (t.i> (A.a.) s(o,o,o) = (u,v,w) ....., 3 2 2 :s (111) 0 a 



... 
00 NiS0

4 

PrC=<J3 

PrFe0
3 

PrMn0
3 

SmCr0
3 

SmFe0
3 

sr2Fe2o
5 

TbAl 

TbAl0
3 

TbCo0
3 

TbGa 

TmA.l 

Tmcre
3 

Ni /a I 

Cr /b I 
Pr /c I 

Fe /b I 
Pr /c I 

Mn /b I 

Cr /b I 

Fe /b I 

Fer /a I 
Fell /b I 

Tbi/d I 
Tbii /d I 

Tb /c I 

Co /b I 

Cr /b I 
!b lc I 

!'e /b I 

!b lc I 

Tb lc I 

v lb I 
Tb lc I 

~ ld I 
~I ld I 

Or /b I 

T:l lc I 

Tm lc I 

(.,) (f') c 1 ') f', CD C(t't't) m c m 

/>t. CD "/) b(1')nc1> m(t') 
(11'1) 

1' CD :p b(t')n(1)m(1') 
1. (111) 

-p & A b(1 )n(t')m (t'> 
'f. (111) 

(1) (1') (1') 
'f.t_ID'1>(111 >b n m· 
f'. CD "P b(t'>n( 1 )m(t') 

c. (111) 

"}J.. CD~ bC 1 )n(t">mC 1') 

t. ( 11 1) (1') (1) (1 1 ) 

f>y.~Z>'1>(111)b n m 

1> (1) (1 1
) (1') 

~,_CD (111)c m n 

. t. D 1>, b (-'c) (A:) ("f) 
I (1'11) c m 

(I.e') (.(.c) (1) 
l'P D 7>(111) b n m 

(.t.c) O.a) (1') 
'/Jp ID ~(111 ) b n m 

-6 ~· . b(.b) (t.f> (L,t) rs • T(111) n m 

<fJ • ~ b(t') (1) (1 1
) r., "'C111) n m 

"t. CD-. b(l..-} (l.y) (l.A) 
I .s r(111) n m 

_., ~ (.t.) C.t") Ct) 

1~ Drct11 ) b n m 

(1) (1) (1) 
-,.._ ~ C (111) m c m 

!1\ l"y) (.ty) (1) 
'/>P • r(111) n m 

(hf> (.l.-l (1) 
.,,. e:'/J(1'11) b o m 

Table 2, cont • 

s(o,o,o)- (o, v ,o) 

{ s(f,o,o) = (u,o,o) 
s(x,r,l> =_(o,o,w) 

f scl,o,o) = (u,o,o) 
s(x,y,l) = ( o,o,w) 

s(f,o,o) = (o,v,o) 

s(f,o,o) = (u,o,o) T )T t 
s(f,o,o) = (o,o,w) T<.Tt 

sc!,o,o) = (u,o,o) T )Tt 

s(i,o,o) a (o,o,w) T<.Tt 

{s(o,o,o) = (o,o,w) 
s(!,o,o) = (o,o,w) 

{ S(~,y1 •1) = (u,v,o) 
s(xz.,Yz.•l> = (u,v,o) 

s(x,y,1) = (u,v,oJ 

sCf,o,o) = (u, v ,o) 

Table 2, cont. 

1 scj,o,o) - (o,o,w) 
1 • s(x,1 , 4) "'(u,v,o) T )Tt 

. s(i,o,o) = (u1 ,o,o) T)TN~ 

f
s(i:,,o,o) = (o,o,w) T~TNa. 

s(i,o,o) = (uz.,o,o) T~ Tt 

S(x,y,~) = (u3 , v3 ,o) T <:TN 
1 L S(x,y,4) = (u~,v+,o) T~Tt 

s(o,y,l) = (o,o,w) 

{ 
s(f,o,o) = (u,o,o) 
s(x,y,i) = ( v,v,o) 

{ 
s(x1 ,y1 •i> = (u, v,o) 
s(xz.,YJ.•~) = (u,v,o) 

{ 

s(!,,o,o) = (u,o,w) T )Tt 

s(i,o,o) = (u1,o,o) T 4Tt 

S(x,y,l) = (o,o,w
1

) 

s(x,l,z) = (u,o,w) 

~L-------------------------------------------------------------------------~ 
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