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What is a mode decomposition?

Fourier decomposition: | \ |
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Why symmetry-adapted modes?

to first-order, these modes only couple with modes of the same symmetry

atomic displacements: resultant atomic forces:
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MODES OF DIFFERENT SYMMETRY ARE UNCOUPLED TO FIRST ORDER



Modes in the dynamics of solids: |
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Phonon energy (meV)

Energy as a function of the normal (dynamic) coordinates:

E=Eo+1/2) 0)2j(k) devnz(k) +...

w? (k) >0

Zero mean value of mode coordinates : < Q4Y" >=0

Symmetry of vibrational modes: irreducible representations (group theory)

irrep modes....



Modes in the statics of low-symmetry distorted phases:

The natural language to describe a symmetry break/phase transition (Landau
Theory)

primary distortion mode — order parameter
Unstable collective degree of freedom:

F. Energy
T>Tc

RN

Q

E=Eo+1/2k(T)Q%...
K(T)<0 T <Tc



Modes in the statics of solids:

Distorted Structure = High-symmetry Struct + “frozen” modes

distortion mode = Amplitude x polarization vector

Description of a “mode”:

— -

u(atoms)=Q e —

amplitude polarization vector
- > > >

e= ( e1 rez ;e3 )e4 )

—» —»> —»> —»>
normalization: |e |2+ |e,|?+ |e;3|%+2 |g,4|%=1

(within a unit cell)

distortion modes: order-disorder type: local variable: site occupation probabilities

magnetic type: local variable: atomic magnetic moments



We can compare the amplitudes of different frozen
distortion modes:

Q, and Q, have the same dimensions and their values can be compared



Modes in the statics of low-symmetry distorted phases:

Distorted Structure = High-symmetry Struct + “frozen” modes

distortion mode = Amplitude x polarization vector

Description of a “mode”:

- —>

u(atoms)=Q e —

amplitude polarization vector
- > >

e= (e, ,e, e ,6,)

) ) —» —»> —»> —»>
normalization: |e |2+ |e,|?+ |e;3|%+2 |g,4|%=1

(within a unit cell)

AMPLIMODES calculates the amplitudes and polarization vectors of all
distortion modes with different symmetries (irreps) frozen in a distorted
structure.




Phase Transition / Symmetry break / Order Parameter

group-subgroup relation:

High symmetry group G = {g}

G * F F: isotropy subgroup

w) Q?Q -> High symmetry | ow symmetry
Irreducible / lr
representation g belongsto F
of G (irrep) | _ _ _ _ _ _ _ _ _ _ .
(matrices)

)y =
g does not belong to F: Q equivalent
but distinguishable state

amplitude

Key concept of Landau theory: 9‘9
It defines the type of symmetry break Order parameter Q =(Q,;,Q,) = p (a,,3,)
a;’+a,’ =1




Collective irrep modes is the natural language to describe the
structure of distorted phases:

Hierarchy of modes:

Von Neumann principle:
all modes compatible with the symmetry will be present in the total distortion ....

But not all with the same weight!:

primary mode(s): unstable — the origin of the distortion

secondary modes: induced by the presence of the primary one(s)




Hierarchy of modes

Example of a (free) energy map with primary
(Q,) and secondary (Q,) distortion modes:

K,<0 K,>0
2 2 3
E=Eo+7% x, Q, + % KQ+ vQ,Q,+

Anharmonic allowed coupling

Equivalent ferroic stable structures
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An introduction to the program:

"AMPLIMODES: symmetry-mode analysis on the Bilbao Crystallographic Server",

J. Appl. Cryst. (2009). 42, 820-833
D. Orobengoa, C. Capillas, M. I. Aroyo and J. M. Perez-Mato
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A Tutorial is in the download material for this workshop and in the
Bilbao Crystallographic server (not updated!, the most recent features not included...):

site address: www.cryst.ehu.es



Example of input of AMPLIMODES:

Amm2 phase of BaTiO,

High symmetry structure
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4.00€ 4.005€ 4.006 50 20
3

Ba 1 la 0.0 0.0
Ti 1 1b 0.5 0.5
o 1 3c 0.5 0.0

Low symmetry structure

18
1.9228 5.6745 5.6916 S50
B

(= = - ]
oo

S0

Qo

Pm-3m

Amm?2

Ba 1 2a 0.0 0.0
Ti 1 2b 0.5 0.0
o 1 2a 0.0 0.0
o 2 4e 0.5 0.2

Transformation matrix

[
[

[

0.0 4 parameters

0.5170
0.4890
561 0.2243

o Transf,




Example of output of AMPLIMODES:

Reference structure:

Transformed high symmetry structure in the subgroup basis Aftar origin shift

Relative origin shift to eliminate a global displacement: (0.00000, 0.00000, -0.00508)

038
4.006000 5.665339 5.665339 90.000000 90.000000 90.000000 Atom Mappings
4
Ba 1 2a 0.000000 0.000000 0.000000 WP  |Atom |Coordinates in S, |Atom | Coordinatesin S,
Ti 1 2b 0.500000 0.000000 0.500000
o 1 de 0.500000 0.250000 0.250000 2a| (0,0,2) | Ba1 (0,0,0) Ba1 (0,0,0.00508)
o 1.2 2a 0.000000 0.000000 0.500000 2b(1/2,0,2)[ i1 (112,0,112) Tit (1/2,0,0.52208)
A . d di 4e|(112,y,z)| O1 (1/2,1/4,1/4) 02 [(1/2,0.25610,0.23938)
tom pairings an istances 2a| (0,02) |01_2 (0,0,1/2) o1 (0,0,0.49408)
Atom Mappings
Atomic Distances
WP Atom |Coordinates in s1 Atom | Coordinates in S2 WP |Atom — a ” ”
X y z
2a[ (0,02) [ Ba (0,0,0) Ba1 (0,0,0) 2a[ (0,0.2) | Bat |0.0000[0.00000.0051 [0.0288
— 2b|(1/2,0,z)| Ti1 |0.0000 |0.0000 | 0.0221 |0.1251
26 [(112,02)] Ti1 (112,0.112) T4 | (1/2,0,0.51700) (2oz) T
4e|(1/2,y,z)| 01 |0.0000|0.0061 |-0.0106 |0.0694
]Z (1/2,y,z)| O1 (1/2,1/4,1/4) 02 ((1/2,0.25610,0.23430) 2a| (0,0,z) |01_2[0.0000 [0.0000 |-0.0059 [0.0335
|z (0,0,Z) 01_2 (0-011/2) 01 (0,0,0-48900) NOTE: dx, dy and dz are given in relative units. |d| is the absolute distance given in A
Maximum atomic displacement in the distortion, A: 0.1251 A
Total distortion amplitude: 0.1650 A
Atomic Distances Symmetry Modes Summary
WP Atom
ul uy uz Idl Atoms |WP Modes
- 01  [3c [GM4-(2) GM5-(1)
2a| (0,0,z) | Ba1 |0.0000 [0.0000 | 0.0000 [0.0000 T1  [1b |GM4-(1)
2b|(1/2,0,z)| Ti1 |0.0000 [0.0000 |0.0170 [0.0963 Bal |1a |GM4-(1)
— Note: The primary mode is written in bold letters
4e((1/2,y,z)| O1 |0.0000 |0.0061 |-0.0157 [0.0954
2a| (0,0,z) (O1_2|0.0000 |0.0000 [-0.0110 |0.0623 Summary of Amplitudes
. . . . . . . . K-vector |Irrep |Direction Zrhmn Dimension |Amplitude (A)
NOTE: dx, d and dZ are given in relative units. |d| is the absolute distance given in A Subgroup
X (0,0,0) |GM4-[(a,a,0) |Amm2 (38) 4 0.1649

Maximum atomic displacement in the distortion, A: 0.0963 A
Total distortion amplitude: 0.1771 A (000) |GMS-|(0.a-a) [Amm2(38)| f 0.0056

Global distortion: 0.1650 A




Example of output of AMPLIMODES:

Normalized Symmetry modes

The modes are normalized to the low symmetry unit «
cell and are given as relative displacements in this cell.

Irrep GM4-
GM4- Mode Ba1 1
Atom Ox oy oz
Ba1 [0.000000 |0.000000 |0.176512
GM4- Mode Ti1 1
Atom )4 oy oz
Ti1 |0.000000 |0.000000 [0.176512
GM4- Mode O1 1
Atom Ox Sy oz
O1 [0.000000 |0.062406 [0.062406
|01_20.000000 {0.000000 0.124813

GM4- Mode 01 2

Atom

Ox

oy

oz

o1

0.000000

-0.088256

0.088256

01.2

0.000000

0.000000

0.000000

Irrep GM5-

GM5- Mode O1 1

Atom

Ox

oy

oz

o1

0.000000

-0.062406

-0.062406

01.2

0.000000

0.000000

0.124813

basis for this
4dim vector

\

K-vector: GM = (0,0,0)
Irrep: GM4-

Direction: (a,a,0)

Isotropy Subgroup: 38 Amm2 C2v-14

Transformation matrix:

1
-1
0

[ 0
[ 0
[ 1

o
— e

[
[
[

(== -]

]
]
]

amplitude of the GM4- distortion

The amplitude of thW
Agyya.= 0-1648 A

Normalized polarization vector: (in terms of the amplitudes of the (normalized|

Bat1 | Ti11 | O11 | O12

0.17450.7585 |-0.2536

-0.5744

as a vector (norm 1) with 4 components

NOTE: A second number next to the labal counts the different symmetry modes that

Normalized polarization vector expressed'®s displacements (in cell relative ur

Angstrém)

Atom| & | vy | oz

polarization vector in two forms

Ba1 |0.0000 [0.0000 |0.0308

Ti1 |0.0000)0.0000 [0.1339

O1 [0.0000 [0.0349 |-0.0665
01_20.0000 |0.0000 [-0.0317

\

"

crystallographic form

('virtwal structure ) With only this symmetry component of the distortion frozen.




Example of output of AMPLIMODES:

GM4- Mode O1 1

-0.0665

0.062406

-0.0317

0.124813

| 4dim vector

Atom 8x By 74
O1 | 0.000000‘ 0.062406‘ 0.062406‘
01_2(0.000000 |0.000000 0.124813‘
GM4- Mode O1 2
Atom &x dy oz
01 |0.000000 |-0.088256 |0.088256
01_2‘ 0.000000‘ 0.000000 ‘ 0.000000
Irrep GM5-
GM5- Mode O1 1
Atom Ox dy [o74
O1 [0.000000 |-0.062406 |-0.062406
01_2|0.000000 |0.000000 |0.124813

Normalized polarization vector: (in terms of the amplitudes of the (normalized|

Ba1t1 | Ti11 | O11 | O12

as a vector (norm 1) with 4 components

0.1745(0.7585 [-0.2536 |-0.5744
NOTE: A second number next to the lab&| counts the different symmetry modes that

Normalized polarization vector expressed'ss displacements (in cell relative ur
Angstrém)
Atom | &x By 5z polarization vector in two forms

Ba1 |0.0000 [0.0000[0.0308

Ti1 [0.0000 [0.0000[0.1339 /
01 |0.0000[0.0349 [-0.0665

01_2(0.00000.0000 -0.0317:}\

with only this symmetry component of the distortion frozen.

crystallographic form




The orthorhombic Amm2 structure of BaTiO;
( Kwei et al. (1993)

neutron-powder 190K )

Perovskite in Amm?2 setting

ox oy oz

Bal | 0.0 0.0 0.0

Ti1 | 0.5 0.0 0.5

o1 |05 025 | 0.25

012 | 0.0 0.0 0.5
polarization vector GM4- polarization vector GM5-
ox oy oz ox oy oz
Bal | 0.0 0.0000 | 0.0308 Bal | 0.0 0.0000 | 0.0000
Ti1 | 0.0 0.0000 | 0.1339 +QGM5- Ti1 | 0.0 0.0000 | 0.0000
o1 |00 0.0349 | -0.0665 o1 | 0.0 0.0624 | 0.0624
012 | 0.0 0.0000 | -0.0317 o1z | 0.0 0.0000 | -0.1248

Q.= 0.165 A

Q5= 0.006 A




The orthorhombic Amma2 structure of BaTiO,
( Kwei et al. (1993) neutron-powder 190K )

? T
¢ ¢

max. atomic displ. : 0.13 A

Mode decomposition of distortion:

QG|v|4-"
/ GM4- mode GM5- mode

polar ferroelectric mode
Qsma- >> Qgmis.



Applications of symmetry mode analysis of distorted structures:

* identification of fundamental and marginal degrees of freedom

* reduction of the effective number of crystallographic parameters

* detection of false refinement minima

 guantitative comparison of structures with the same or different space group
 detection of hidden structural correlations (specially for low symmetry distortions)

* systematic characterization of variation of the structure with temperature

rationalization of phase diagrams and various symmetries in families of compounds.



I4l/a Palmer et. (Amer. Miner. 82 (1997) 16

max. atomic displ. : 1.04A

[a-3d
L)

r,* 14,/acd

14,/a

200 200 €00 800 1000

T (K)

2
Induced effect : QF3+= a QF4+



I4l/a Palmer et. (Amer. Miner. 82 (1997) 16

Polarization vectors in
Leucite

o B &Fu ¢ |
&b~ N> la-3d

KAISi,O,

r,* 14,/ac

14,/a

dot product e(4K).e(T)

200

0.95F

0.9Cr

200 200 600 800 1000

T (K) 0.85:—

2
Induced effect: Qs = o Qry,




Exercise Al Ferroelectric phase of S,Sn,P

How does the symmetry mode decomposition depends on the
parent structure?



Exercise A1: S2Sn2Ps

Summary of Amplitudes

K-vector (Irrep |Direction Isotropy Dimension |Amplitude (A)
Subgroup

(0,0,0) |GM1+ |(a) P2_1/c (14) 15 0.1714

(0,0,0) |GM2- ((a) Pc (7) 15 0.4883

changing the parent structure:

K-vector |Irrep |Direction ISsotropy Dimension |Amplitude (A)
ubgroup

(0,0,0) |GM1+|(a) P2_1/c (14) 15 4.1205

(0,0,0) |GM2- |(a) Pc (7) 15 0.4883

using the option for FullProf (and the "good" parent):

K-vector |Irrep |Direction ey Dimension |Amplitude (A)
Subgroup

(0,0,0) |GM1+ |(a) P2_1/c (14) 15 0.1713

(0,0,0) |GM2- ((a) Pc (7) 15 0.5372




two primary modes
necessary

Sequence of transitions in SrZrO, 20C
Pnma
(Howard et al. 2000 & data from B. Kennedy)

Pm3m

!

P4/mmm

L,
P4/mbm Cmmm

R4+ , R5+

-Each primary mode is a different instability mechanism

- each primary mode condenses in general at different
Q. = 0.007 A temperatures : two phase transitions
Q. = 0.794 A \ Expected transition sequence:
Q.= 0.338 A Pnma T> —
Qp,, = 1.185 A Pnma > Imma ——— Pm3m

Qu.. = 0.069 A (M," Ry’) .
R5+ ~ Y



Sequence of transitions in SrZrO,

gx

[ ,-,Q“'Q
M,* + +
Ry Xs M, .
1.18 A 0.79 A 0.338 A 0.07 A 0.007 A
They deform the octahedra.
X:* has significant amplitude
Temperature variation:
Amplitudes: .
1 I 1 .
. Rff+ _ g ! S' £ oE; modes polarization vectors:
S | | |
E E E 1004 @ 00000000000,000,000000,0 04450 0
1'0_ '-—-....__.-.._.__ L S 3 IQ o:: " VY
\ (. 1 ]
M3+ h' | 0.90 4 \
0.8 Y oove,, | | | e I
| .85
3 M"’ﬂo.. ( h : (= \/
0.80 T
% 0.0 ...'..' : : " : 0 200 400 600 800
1.2 4
£ "‘l ! ‘-l 1.0—- | ESEY T N - g N g EN g g
< 04 XO+ o ] ] R A AVA LT
4 Mibisiinia,, . ' e ] \, T \ \ /
0.2 R5+ e VWO ! : : 0.4-: Ro* ./ | ‘./\.
v_ oY w | | 0.2—_ (b) s
0.0 WWW ! 0.0 T T T T
M2+ | [} 0 200 400 600 800
. | E— Temperature (°C)
0 200 400 600 800 1000 1200

Temperture (°C)

(with structural data from Kennedy, Howard and K.S. Knight: 2010)



Another distorted perovskite. NaNbO,

Pbcm — 15 atomic coordinates

Pmi3m

L

Pl/mmm
/ \ X3'
’ Cmmm ’ Pl5/mem ’ Pl/mmm

T4\ T2

M5-
’ Pmm Cmmm Il/mcm Il /mem
— ——
AN N
Pmma Ibam
k-vector irrep direction isotropy subgroup dim amplitude (A)
0,1/4,0) DTS | (0,0,0,0,0,0,0,0,a2,0,0,-a) Cmcm (a-b,a+b4c¢;0,0,1/2) 5 0.55
(1/2,1/2,1/2) R4+ | (0,a,a) Imma (a+b,2¢c, a-b,;0,0,0) 1 1.38
(1/2,1/2,1/2) R5+ (0,a,-a) Imma (a+b 2c, a-b,;0,0,0) 2 0.03
0,172,0) X3- (0,2,0) P4/mmm( a,b,2¢;0,0,1/2) 2 0.08
(1/2,1/2,0) M5- | (00,0,-a,0,0) Pmma (a+b c,a-b;0,1/2,0) 3 0.16
(1/2,1/2,1/4) T2 (2,2,0,0,0,0) I4/mcem (a-b,a+b 4¢;1/2,1/2,1/2) 1 0.00
1/2,1/2,1/4) T4 (a,-a,0,0,0,0) I4/mcm (a-b,a+b 4¢;0,0,1/2) 1 1.07

max atom. displ. : 0.40 A




Predominant irrep distortions in NaNbO,

primary distortions (RUMSs) _ ,
secondary distortions

1.38 A

q,= (1/2,1/2,1/2) q,= (1/2,1/2,1/4) 3= q,-9,=(0,0,1/4)



PrNiO,

Charge disproportionation

P2,/n instead of Pnma

Medarde et al. PRL (2007)

Pm3m

A

P4/mmm

R,*

Fm-3m

P2,/n11

Mode R1+:
Amplitudes SrZr0O3 PrNiO3
R4+ (Imma) 1.19(1) 1.092(9)
M3+ (P4/mbm) 0.79(1) 0.689(9)
X5+ (Cmcm) 0.34(1) 0.361(4)
R5+ 0.07(1) (Imma) | 0.06(1) (C2/m)
M2+ (P4/mbm) 0.01(1) 0.004(9)
R1+ (Fm-3m) | - 0.091(9)
R3+ (I4/mmm) 0.012(9)
M5+ (Pmna) 0.00(1)




Mode decomposition vs. ab-initio calculations

(Larsson et al. 2008)

SrAl,O,

P6,22 — P2,

P6,22
r,| P312 222, |T,

P2,




SrAl,O,

Amplitudes and dot products of polarization vectors :

Comparison of mode decomposition of
experimental and ab-initio structures

irrep M,-1q I, M;-1q | I,
dim. 12 7 11 7 3
Amp. | prod. Amp. prod. Amp. prod. Amp. prod. | Amp. | prod.
Exp. Struct. 1.70 1.39 0.57 0.32 0.02
ab-initio 1.81 0.998 | 1.35 0.9997 | 0.57 0.997 | 0.24 0.96 0.03 0.63




SrAl,0,

Mode

Ampl. (A) °

-1F

Independent various behaviour of modes, seen in ab-initio

calculations: ferroelastic-ferroelectric coupling

A Varying only the monoclinic shear strain

P6,22 —> P2,

Including relaxation of the optic modes

1
90 95

angle beta (2)

shear strain- polar mode bilinear coupling

Behaviour of the structure to external perturbations
(i.e. shear stress) is different for

switch of the different modes....

polar mode

angle beta (9)

The polar mode I'; is coupled linearly with the shear strain
but not the other primary distortion mode M,-1q

Switch of the polarization through the shear



Use of mode coordinates in the structure
refinement, instead of the individual atomic coordinates?

One expects:
e a natural hierarchy of parameters

e less correlations with atomic (thermal) displacement parametes
eminimize correlations

Topas
ISODISTORT /

N

AMPLIMODES —
[.pcr input ﬁle]\AJanaZOOG (V. Petricek)

FullProf  (Juan Rodriguez-Carvajal)



Symmetry-mode decomposition Exercise A2
A simple example: the triclinic structure of NbS,

P2,/m Z=2 P-1 (a,2b,c;000) Z=4

o ® °
e © o © o %
°© o > ) v o
4 R
parent (average) struct el

8 positional parameters

24 positional parameters

002
4.963 6.730 9.144 90.00 97.17 90.00
8
Nb 1 2i 0.715500 0.375000 0.348650
pa re nt P2 /m Struct. in the Nb 12 2i 0.715500 0.875000 0.348650
1 s 1 2i 0.763400 0.125000 0.553550
P-1 settin g: s 1.2 2 0.236600 0.375000 0.446450
s 2 2i 0.878850 0.125000 0.169450
s 22 2 0.121150 0.375000 0.830550
s 3 2i 0.466950 0.125000 0.174150
s 3.2 2 0.533050 0.375000 0.825850



Symmetry-mode decomposition of NbS; structure:

g e

L‘ﬁ"

\\

- e

Z1 distortion

P2/m |GM1+

(a,b,c)

Pl |Gm2+
(a,2b,c)

P1 |1

D W AN
| ? o &
S 3 ) 4
\
p ol
b
2 L ° d
(& i\ - . ) .
GM2+ distortion
k-vector irrep direction isotropy subgroup dim amplitude(A)
(0,0,0) GM1+ (a) P2,/m (ab.;0,0,0) 8 0.000(5)
(0,0,0) GM2+ (a) P-1(a,b;0,0,0) 4 0.036(3)
(0,1/2,0) 71 (0,a) P-1 (a,2b,c;0,0,0) 12 0.520(4)

max atom. displ. : 0.18 A




Symmetry-mode decomposition of NbS; structure. Quantitative description:

GM2+ distortion (dim 4)
Amplitude: 0.036(3) A

4 allowed orthogonal symmetry-modes

(normalized) polarization vector:

Atom ()¢ oy oz
Nb1 0.0000 | 0.0536 0.0000
Nb1_2 | 0.0000 | 0.0536 0.0000
S1 0.0000 | -0.0137 0.0000
S1_2 | 0.0000 | 0.0137 0.0000
S2 0.0000 | 0.0495 0.0000
S2_2 | 0.0000 | -0.0495 0.0000
S3 0.0000 | -0.0027 0.0000
S3_2 | 0.0000 | 0.0027 0.0000

ol
?30 4
poood

30 4

GM2+ distortion

4 positional parameters

as a 4 dim vector in terms of normalized symmetry modes (3 indep. parameters):

Nb1 1 S11

S2 1

S31

-0.7216 | -0.1850

0.6661

-0.0370




Symmetry-mode decomposition of NbS; structure

Z1 distortion (dim 12)

Amplitude: 0.520(4) A

12 allowed orthogonal symmetry-modes

(normalized) polarization vector:

Atom Ox oy oz
Nb1 -0.0002 | 0.0469 -0.0043
Nb1_2 | 0.0002 -0.0469 0.0043
S1 0.0004 | 0.0158 -0.0159
S1.2 0.0004 | 0.0158 -0.0159
S2 0.0080 | -0.0039 0.0274
S22 0.0080 | -0.0039 0.0274
s3 0.0074 | -0.0048 0.0253
S3_2 0.0074 | -0.0048 0.0253

-

12 positional parameters

>

Py

o

Z1 distortion

&

D

or as a 12 dim vector in terms of normalized symmetry modes (11 indep. parameters):

Nbl 1

Nbl 2

Nbl 3

S11

S12

S13

S21

S22

S23

S31

S32

S33

0.6309

0.0790

0.0019

0.2124

0.2909

-0.0038

-0.0518

-0.4917

-0.0787

-0.0648

-0.4537

-0.0730




Exercise A3 False minimum in the refinement of the
structure of BaMnO;



Example 3: BaMnO; - False minimum

Summary of Amplitudes 80K

K-vector |Irrep |Direction Isszg;r%{lp Dimension |Amplitude (A)
(0,0,0) GM1+ |(a) P6_3/mmc (194) 1 0.03(4)

(0,0,0) GM2- ((a) P6_3mc (186) 3 0.14(6)

(1/3,1/3,0) |K1 (a,0) P6_3/mcm (193) 3 0.04(5)

(1/3,1/3,0) |K3  |(a,0) P6_3cm (185) 2 0.42(6)

K
3 K,

GM2- (polar/ferroelectric mode)




Example 3: BaMnO; - False minimum

K-vector

0.0,0)
0.00)
(1/3,1/3.0

(113,130

Irrep

GM1+
GM2-
K1

K3

dot product
polariz. vectors

o Isotropy : : Amplitude (A)  Amplitude (A)
B Subgroup SR at S0 K at 1.7K
(a) P6_3/mmc |1 0.00(4) 0.02(2)
(a) P6_3mc 3 0.14(6) 0.14(7) 0.996
(a,0) P6_3/mcn. | 3 0.04(5) 0.15(3) -0.90
(a)0) P6_3cm 2 0.42(6) 0.53(7) 0.9998
Chi2 7
° 24 7
22
. L
. . 20
° [
% ¢ Ce
og © R 4
[ @
1.6 r
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Amplitude of one K1 basis mode



