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A Symmetry and Phase Transitions

In a displacive phase transition the symmetry-breaking
distortion (with respect to the high symmetry phase) is
mainly caused by the freezing of the primary mode,
associated with the order parameter.

In general, secondary modes are also triggered at
the transition and can have non-zero amplitudes in the
distorted structure.

The symmetry-mode analysis of a structural phase
transition consists on the calculation of the amplitudes
of the symmetry modes frozen in the distortion
characterized by the eigenvectors of both primary and
secondary modes present in the distortion.

f1  Mode Crystallogrgphy,,

The team of the Bilbao Crystallographic Server has
developed the computer program: AMPLIMODES, that
allows an easy calculation of the decomposition in modes
of a distorted crystal structure with respect to a
(virtual) high symmetry structure.

The originality of this approach with respect to more
classical ones (e.g. BasIreps, MODY, Sarah, ..) is that the
polarization vectors are referred to the basis of the
low symmetry phase, allowing to use conventional
crystallographic approaches (asymmetric unit and space
group operators) to the crystal structure analysis.

AMPLIMODES: Symmetry mode analysis on the Bilbao Crystallographic Server,
D. Orobengoa, C.Capillas, M.I. Aroyo and J.M. Perez-Mato, JApplCryst 42, 820 (2009)
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A Symmetry and Phase Transitions

Modes are collective correlated atomic displacements
fulfilling certain symmetry properties. Structural
distortions can be decomposed into contributions from
different modes with symmetries given by irreducible
representations of the parent space group.

In general, the use of symmetry-adapted modes in the
description of distorted structures introduces a natural
physical hierarchy among the structural parameters.
This can be useful not only for investigating the physical
mechanisms that stabilize these phases, but also for pure
crystallographic purposes.

K% Distorted structures in.terms of modes

Let r(u) be the positions of the atoms p (u=1,...s) withinan
asymmetric unit of the parent structure with space group H. The
asymmetric unit of the observed distorted structure with lower
space group L, subgroup of H, will in general have a larger number of
atoms due to the splitting of the Wyckoff orbits in H.

|r(;z,i)=r0(y,i)+u(y,i)| (=125, i=12.n,

u(ei)= A, &(z,m| i)

The indices rand m label all possible distinct allowed
symmetry-adapted distortion modes. 7 stands for the
possible different mode symmetries, while m (m=1,...n.)
enumerates the possible dif ferent independent modes
of a given symmetry.



% Distorted structures in.terms of modes

u(ﬂli):zAz,m S(T,ml/l,i) /1:1,2,...3, i:]_'2’._n#

The mode (7, M) is defined by the polarisation vectors:
&(z,m| i)

One can refers to the global polarization vector € (7, m),
taking all atoms simultaneously, of the mode (7, m)

The displacements of an atom (u/,i’) related by the
symmetry operator {R|t} to the atom (u,i) are given

directly by:u(y',i') =Ru(u,i)=> A, Re(z,m| u,i)

% Distorted structures in.terms of modes

The distortion modes of the phase with group H having
isotropy group equal to L can be called primary, while
those with isotropy groups given by subgroups of H

which are distinct supergroups of L, are usually termed
secondary.

A primary distortion mode is sufficient to produce the
observed symmetry breaking between the parent and
the observed structure, while secondary distortion
modes alone would yield a higher symmetry.

Group-subgroup chains relating Pm3m and Pnma

M2+ M3+
ﬁ -
. Ra RS
[pbam | i
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% Distorted structures in.terms of modes

The normalization of the polarisation vectors is chosen
to verify:

> mult,; |e(z,m| i) =1
i

“mult,;" represents the multiplicity in a primitive cell of
the space group L for the Wyckoff position (4, i).

The following orthogonality relation is verified by the
polarization vectors:

Zmultﬂ’is(r, m|wi)e(z',m'| w,i)=0,. 0,

i

Distorted perovskite: structure type 6dFeO;

Space group: Pnma, parent structure Pm3m

b

b

il i ;
ame Distorted structures in.terms of modes
It is also in general very convenient to express the

global distortion in terms of the different symmetry
components (this is done in AMPLIMODES):

u(e, i)=Y A, e(mml i) =3 A e(z| i)
A,{Zﬂémj

e(el i)=Y, slr.m] pi); @, , =

)
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FllI Refinement of crystal structures using amplitudes of
5E2¢ symmetry modes: instead of<atomapesitions in FullProf

The atoms position are calculated from the following formula:

erS = erS +ZCQO g(m] j)
m

Where j runs over the atoms in the asymmetric unit of the LS phase

The index m runs over all contributing modes. It may content modes
corresponding to different representations and wave vectors of the H space
group (Isotropy subgroups) that are compatible with the L space group.

The polarisation vectors g(m| j) have normalized components referred to the
conventional cell of the LS phase and are provided by AMPLIMODES. The
refined parameters are the amplitudes Q,,. ¢, are normalisation coefficients.

Arepresentation of the modes using arrows and the HS phase can be
visualised using FullProf Studio

m Example of PCR flle for FullProf corresponding to the
S ~ compound L&GMnO; 4 -

Indices of the modes
€ctors of Symmetry Modes for each atom

! Polarisation

V_MODES Symbols of the Irreducible representations

! Nm <p Vy vz Coeff
0. oooooo 0.000000 0.031721 1.000000
0.063442 0.000000 0.000000 1.000000
-0.089721 0.000000 0.000000 1.000000
0.000000 0.000000 -0.031721 1.000000

_| Polarisation vectors components

0.000000 0.000000 0.000000 1.000000

! Amplitudes o Symmetry Modes
111111 1«——Keyword,# of modes, output for FST

[O1_ R4+  -1.189680 181.0000 |

Q2 R5+ -0.086467 191.0000

03 RS+ 0.018171 201.0000

04_X5+ -0.546082 211.0000 | Names of amplitudes, values and
Q5_X5+ -0.139910 221.0000 refinement codes (allowing constraints)
06 _M2+ 0.355652 231.0000

Q7 M3+ 0.901264 241.0000

§ o > Profile Parameters for Pattern # 1

! Scale Shapel Bov Strl Str2 Str3 Strain-Model

0.86919E-01 0.00000 0.00000 0.0000 0.0000 0.0000
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Fl Refinement of crystal structures using amplitudes of
BEE symmetry modes instead ofsatom*pesitions in. Fu/lProf
In FullProf the refinement of a crystal structure can be done

in terms of symmetry adapted modes.
http://www.ill.eu/sites/fullprof/

FullProf uses the polarisation vectors obtained from the
output of the program AMPLIMODES from the Bilbao
Crystallographic Server

http://www.cryst.ehu.es/cryst/amplimodes.html

Alow symmetry (LS) crystal structure (Space Group L) is
supposed to derive (from a phase transition) from a high
symmetry (HS) structure (Space Group H) with L < H.

The free parameters, instead of atom positions, are the
amplitudes of a combination of allowed symmetry modes.

Example of PCR file for FullProf corresponding to
the compound LaMnO4

LaMnO3
! Symmetry modes option

Irf Isy Str Furth ATZ Nvk Npr More
0 [ 0 7 967.370 [ 7 1

'Nat Dis Ang Prl Pr2 Pr3
4 0 00.00.01.0

Pbnm <=—Space group symbol
!Atom Typ X Y z Biso Occ
La 1A 0.00000 0.50000 0.25000 0.35050  0.50000
0.00 0.00 0.00 251.00 0.00
Mn MN 0.00000 0.00000 0.00000 0.21228  0.50000
0.00 0.00 0.00 261.00 0.00
o1 o 0.75000 0.25000 0.00000 0.43965  1.00000 .
keyword 0.00 0.00 0.00  271.00 0.00 Normalisation
o3, o 0.50000 0.50000 0.75000 0.50234 0.50000 CO€fficients
: M Number of polansat\on vector modes -00
Ey '@ctors o. oymme'Lry moues LOL eacu alow
Indices of the modes v
Vx vy vz Coeff
0.000000 0.000000 0.031721 1.000000
0.063442 0.000000 0.000000 1.000000
-0.089721 0.000000 0.000000 1.000000
0.000000 0.000000 -0.031721 1.000000
0.000000 0.000000 0.000000 1.000000

T Amplitudes of Symmetry Modes

#l  Visualisation of si ég _modes
- using FullProf

« A part from the normal FST file generated normally for the
final crystal structure, FullProf outputs a series of FST files
containing

* The “virtual structures” corresponding to single modes
(eg. A MODES 7 0000000)

« A representation of the high symmetry phase together with
arrows indicating the displacement of atoms in the
corresponding mode:

(g A MODES 7 1111111)
« Both kinds of representations depending on the mode
(g A MODES 7 1001101)

The items after the number of modes are:
p_mode(i) i=1,... n_modes



. 4 Visualisation of Ir'r' s odes
using FullProf Studio

FOR SOBNCE

If the value of p_mode(1)=2 (see note of 29 August
2008 in fp2k.inf) the other values are not needed.

The program interprets this value as and indication to
output in the FST and OUT files the structures
corresponding to single irreducible representations

(Irreps).

All modes corresponding to a single Irrep are
combined in the FST file.

#l  Visudlisation of single modes
— using FullProf Sfudio

Examples:

A_MODES 7 2 — Modes regrouped in an FST
file per irreducible representation (arrows, default of
AMPLIMODES)

A_MODES 7 -2 — Modes regrouped in an FST
file per irreducible representation (structures)

A MODES 7 1110110 — Explicitoutput of
all modes (1: arrows, O: distorted structure)

o e QUTING . o,

= Overview of the Symmetry Analysis
in phase transitions

2 How is implemented the use of
symmetry modes in FullProf

2 Detailed example: the case of
CaTiO; and comparison with LaMnO;
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il Visualisation of modes s_using
- FullProf Studic’ Slimmary

Examples:

A_MODES 7 7 — Allthe 7 independent modes
are represented by displacement vectors (arrows)

A_MODES 7 -7 — Allthe 7 independent modes are
represented by virtual distorted structures

A_MODES 7 -3 — No output of independent modes
in FST files

#l  Visudlisation of single modes
- using FullProf Studio

Examples:

A_MODES 7 413 -4 7 — Onlythe4
modes 1,3,4 and 7 are ouput in FST files. All of
them, except the mode 4, are represented by
arrows.
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% bilbao crystallographic server ..

FCTATF

[The caystallagraphic site ot the Condsnsed Marter Physics Dept. af the Undvesity of he Basaue Country |
Space Groups Retrieval Tools

on
3 GENPOS Generators and General Positions of Space Groups
WYCKPOS Wyckoll Positions of Space Groups
HKLCOND Rellection conditions of Space Groups
MAXSUB Madmal Subgroups of Space Groups
Serles of Maximal Isomorphic Subgroupe of Space Groups

SERIES
P 2011 WYCKSETS Equivaient Sats of Wyckait Positons
Workshep on the NORMALIZER  Normalizees of Spate Groups
Online Edition of KVEC The kevactor types and Briouin Zones of Space Groups
e oranny | SYMMETRY  Goomanic marprstaton of matixcolum reprosenatons of
B, b OPERATIONS symmelry aperalions




HEUTRONS.

AMPLIMODES Bllbao Cr‘ystalloraphic Server

L i st ot
(2 st istnd @ oty Staremd | Lot Hoaims

How to cite the server | CORREL
Tutorials i
— |smEswm

Material from the
school on the server
(June 2008)

SAM

NEUTRON

TRANPATH

3011 A g
accuing i the
selectan of
rossrtatis has
e fxad CELLTRAN
SR STRAIN
T, Newswrsionof | WPASSIGH
pore TRANSTRU

Solid State Theory Applications

Structure Utilities

Corelations Between Representations
Faint Group Tables
Site-symmetry induced repeesartalions of Space Groups

Spectral Active hodes (IR and RAMAN Seisction Rules)
Newtron Scatsring Ssbection Rules

Wodes for a Group -
Symmetry Mode Analysis
Pszudosymmetry Search in a Stucture
Degres of Pseudosymmety Estimation
Transition Paths (Group not subgroup reletions)

Transform Uit Cels

Sirain Tensor Cakulation
Assignment of Wyckoff Positions
Transform structres,

L Hein oyt b sy e .
5 ot st @ ot St 5] Lotk Hoaioms

t3bographic Saner — Symmetry mods analysis

AMPLIMODES for FullProf

AMPLIMODES fon; FullProf

Enter the high symmeﬂ'y
structure according to the
template already provided |

ShTETEd HINT: | Upload the siructure a5 a CIF file (defaulyf or a5 a text in the window below |
¥ Sumce ceeup 178 msker
M
This version of # Lattice parameters
AMPLMODES S Smae roeias 5eiee 90 90 5
iz back ¥ s 2 e sions 4 the sermetric it
of et to be
Treettod In e High :-Iml,n:\hh;l-!;l tmmbec) (48] (5] (31 (5)
perinpu file of Symmetry T 11-!)00000
FullProf to Structure ©  13d 0.5 0.0 0.0
enable a direct
refinement of the:
amplituges of the
basis
Symmeny-modes
gonereed s | Formeiow cture, only matri) is necessary,
neadct | S i opona Tgven i fthe mods
instead of
Cometionsl 1
< - - ¥
V4 AMPLIMODES for' FuIIPr'of
HEUTRONS
FORSCBNCE e s —
e GE Uon ey Gt Bk e
S 5| <[ =+ -
()3 [t ettt

| o et @ st ststeg [ et vacinas.

Symmetry mode analysis
High symmetry structure

m
378246 3.8246 3.8246 90 90 90
3

Reference Structure

062
5408301 7 643200 §
1

Bissn Cstalograntic Sever = smmerymaseanat. after clicking on the “show”

1 1 0.500000 0500000 0.500000
1 1a 0 000000 0 000000 0 000000
1 3 0500000 4000000 0000000

Transformed high symmetry structure in the subgroup basis

403801 50000000 50000000 30000000

Ca 1 te 0. 000000 0.260000 0.500000
T 1 4 o o0o0oo o 000000 0 00000
o 1 o 0. 250000 0.000000 0.250000
o [ 0. 000000 0250000 0.000000 L]

Results of AMI;LIMODES =

button on the input page

HEUTRONS.

AMPLIMODES Bllbao Crystallorc\phlc Ser've

r

Il smsgrons frsnce s utcsens < | sopunmces.

| L i ghyacs._smmatsbug2ous) < | & |

)% ||| g st st asferystarpinoses e
5 ot st @ ot St 5] Lotk Hoaioms

—+ Symmatry moda analysiz

AMPLIMODES: Symmetry mode analysis

AMPLIMODES for F
- s
e cmmws | Click on the “here” button
Structure Data | prowse_|
;'m“;:;’:’:m lin CIF format]  HINT. | The aptian for a gvers Bsrssme s prefscential |

¥ Space Group 1T wisber
displacive phase .

Laccice pacamscers
transition. Starting M L

4,006 4.006 4,004 90 90 90

from the # Mmber of indepiusest atcms in The sspmerris uer
axpenmental s
structures of the High £ faen cive) wmbect (9] 1 ) 02
K
gk nd o Symmety |y, 3w o5 a5 o8
symmely pheses. Structure. 0 13 0.50.00.5
tha program
determines the
global siructural
distomtion that
relates ihe bwo
phases. The
< >

- |- bbby pheer )| |

AMPLIMODES fo; FullProf

Only the number of the low

symmetry space group and
the unit cell parameters are
needed here

HINT- | Upios the structue 5 & CIF fle (dautt), or 55 a text i the window below |
¥ Space Growp TTA nue:
2

) [ L1 ooy srserst Tl s e
5 e o M Gt S (5 alest Heotines

refinement of
Indidual atoimic
coordinates. The
pragram can 4 Laccice paraserers
also generate a 5,441 7,645 5,380 90,0 90 80 90
dafaut starting
perfilefor
simulaton of &
nsutron poredsr
diffrection

Socram o
2 The coefficients of the

? transformation matrix (a'=a-c,

2 b'=2b,c'=a+c) are provided as
, columns

FullProf, the input

of alow

Low Symmetry
Stucture

iy Ftations! par rign Shif
struchure is T 0 f 0
optonal, 8pat | inmatrx form I

from the ! 2 " g
high-symmetry a 0 h 0
sucture, oy e :

input o the

AMPLIMODES for FullProf
. e o

Summary of symmefry
modes decomposition
and text to be copied
in the PCR file

L iin st h bt roqamsl g s
5 ot st @ ot St 5] Lotk Hoalioms

‘Symmetry Modes Summary

[Atoms [We Modes [Showhtodes
1[50 [Rae(1) RE+(1) X5+{1) M22(1) MB+{1}
Cai [1p [R5(1] 26541}

Summary of Decomposition

Kovactor  [Irep |Directon

(Isotropy
|Subgroup

(102.102,112) |4~ [-aa0) nma (74)
(1/2,112,1/2)|RS+ |(8.2.00 knma (74)
(0.142.0) %5+ |(2.00,0.0.0) [Cmem (63)
[
(!

(12.120) [m2+[00.2)  [Pamom (127)
(1/21i20) |Ma+[002)  [Paimbm(127)

“You can copy and paste the folowing text on your per file

06 200 group syatol
liton  Tym x lizo L
sl 0000000 0 z,nnnj 0 cnmnn 0.500080 0 snnm
0 [ ] on
1w 5.00008 _o_00Rd0d_o_00adi o sedich o sodeon w0 w1
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AMPLIMODES for FuIIProf

i

) Symmetry modes for Ful

Ll e o seence s vbiesons < | sy e o | L et hpacs. smamcrcbogenut) < | +

* | Perprifomm cryst sh asfogrbanerystjcrogpamsiegh ik modes - €] M- e rysesbogephe ser )
25 ot s @ ot S (5 Lot Hoschoms
062 & = L
Thtow Ty In Fin Kt Spe /Codes
1" cA”  o.ooonoo 0250000 0 S0000N 0.500M0 0 S0mOOD B 0 O 1
000 om non 000 non
Ti1 TI 0.00000 0 0000B0 0 BOODD 0.500H0D 0 S0pdDM © O B 1
000 e son  oon oo
a o 0.250000 0 090000 0 250000 0.500000 1 0OV 0 0 0 3
o0 D
0.080000 0.250000 6.000908 0 m:un wm 000 1

Text to be copied in
the PCR file and
button “here” to
create a template of
PCR file for

oo 100 calculations with
FullProf

AiK4 0000000 100

‘ou can dawnload the full per fils for a dafaut neuron simulation [here |

#@ Running FullProf with the PCR file generated by
e < LAMPLIMODES™E 530 ~ —

[ Futprof Suite TootBar

Ele Prograns Settngs FPDamnsoos RunaSipt teb

ﬁ C EEEREY = ER ek -

c\pis DIFPSchet-201 1 Exercines FulPre, SIPCRfiesyCaTiOB)

oo Fiebes_template_ct Typs: PO Dater [17005/2011

\1' Select, in the JFile" menu the working directory
2| Load the PCR file in toolbar (first left button). In
our case the file is called: bcs_template cti.pcr

3: The filetan be readily edited by clicking on the
second byfton and eventually modified

4: Clicking on the “FullProf” button, the program runs
and produces files that may be inspected or used for
plotting the calculated diffraction pattern and the
crystal structure.

#llf Running FuIIPr'of with the PCR file genem’red by
jamo ~t .AMPLIMODES™S - =

The calculation is done for a cubic ideal perovskite described
in the low symmetry setting. One can edit the file, write the
real unit cell parameters and add arbitrary reasonable values
to the amplitudes (in angstroms) to see the modification of
the powder pattern
(let us call the PCR file: bes_modified cti.per).
For instance, introducing the following values:

Al R4+ 0.800000 00

A2 R5+ -0.100000 00

A3_R5+ .300000 .00

A4_X5+ .700000 .00

A5_X5+ .100000 .00

A6_M2+ .020000 .00

A7_M3+ 0.100000 .00

a= 5.441A, b=7.645 A, c=5.380 A

o

oo o
RRRERRRRR
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m AMPLIMODES for FuIIPr'of Te *Iate of PCR file

P

*) ozilla Firefox
Be Bt Mew Mgy Boomads Bos e

L Bl v sh ~ |13 =+
& [T (@) (8- ey we 2|

L

[ s et @ Gortrg started [ Lotz i

COMR AMPLINOERS for PullProf [
© DYDAT file PCR-Tile: mYPCR_f1l

Vipr Ppl Toc Bat Per Lai e Led NLI Pré Ins Rps Sym Heb Fou Sha Ana
o o 18 10 %40 0 3 00 a0 0 oD O
Lambal Lanbdsz Bkpos  war  Com  sum  dsyLim  Rpolars —paced 1

137303 1,237300 0,000 59.080 40.0000 0.9000 00080 470.00  .000

T B2 e Ben fgc ngl T seep Twex  PSD  semto
010 160 .60 100 1. 1.0000  0.050000 $70,0000 0.004  0.000

! Enalued cegions (LovT RghT) for Putearnd 1

o0
170,00 wano0

7 tHusser of refined paranatsrs

Zero  fode  Spas  fode Syin  Code Lesbda  ods NORE rFacci 1
0.00009 0.0 0.00000 .0 D.00000 0.0 0000000  0.00 D
+ " ackgrouna coserizienta/oones zor Parcernd 1
i00.00  0.0000  0.0000  0.0000  0.0000  0.0000
0.000 a.000 .00 2.000 0.000 9.000
t Dat for PEASE muber: 1 ==; Currem R_bragy for Paceernd i1 0
AMPLINODES g0 Fullprot PIx xyt
llac Dia kug Prd Pe2 B3 dbe et Tay ser Furch AT2 Bk Dpr Bexe
4 0 0 000010 € 0 G 0 0.000 o
o8 ~space acous :yv\bul
Taon Ty Biso T Fin W 3pc scoden L
Cal  Ci 0.000000 0230000 0,500 DoOODO.sOODOD 0 0 o

S0 Running FullProf with the PCR file generated by
= _: .AMPLIMODESTE 0 ==

[ Futprof suite TootBar

Ele Prograns Settngs FPDmersons FunaSert telp

EEL FEEFEYELT T EFvE SR a

IPCRAIeCaTION Code Fie:_bes_temlte i Tyosi PR Date [1705/011

z
m.m Ea P Ao W B2

7> CYCLE: T B

s _template_cti

ributing to each point for pattern: 1
points + Nermal Mstrix & Wector..

=> Normal end, final calculations and weiting...

Calculation done for a cubic
ideal perovskite described
in the low symmetry setting

= CPU Time: 0.375 seconds
= 0.006 minutes

=» BND  Date:17/05/2011 Time => 08:11:53.923

I S B P 1

o

#@  Running FullProf with the PCR file gener-ated by
IRERE AMPLIMODES:and modified!

@ruupursm ToolBar
Fie Programs Setings FP Dinersons RunaScrt Hel

Dﬂ@@@x %@@H%lﬂ&ﬁiﬂﬂﬂ@@

JPCRAIeCATION

Code Fim:_bes_ociied i Tyosi PR Datei [1705/2011

e

o to each point for pattern: 1
oulation of ¥ far all pointe i Hoemal Hetrix & Vecrar.
L

2 et ey ZQJ’;kmmm and writing Calculation done for the
distorted structure with the

amplitudes given above and

using the real cell parameters

= <PU Time: 0.375 seconds
= 0.006 minutes

=> END  Date:17/05/2011 Time => 08:28:21.892

10 20 20 ao o 50 2 s

o



Fllf Vsing FullProf Studio for visualising the displacements
mreas  of atoms for individual Irreducible:Representations

[ Fullprof Suite ToolBar [
Ele Programs Settings FP Dimersions Funa Seript oel

B0 B 2S5 | Ve e 0 Y 55 Bl RN R’ ?Q

RetiesfLaion Code Fim:_bes_ociied i Tyosi PR Datei [1705/2011
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Fllf Vsing FullProf Studio for visualising the displacements
wre2s  of atoms for individual Irreducible-Representations

8 Futiprof suite ToolBar CEX

Ele Prograns Settngs FPDmersons FunaSert telp

B B S5 | v b w55 - &/ ?Q

RetiesfLaTion Code Fim:_bes_ociied i Tyosi PR Datei [1705/2011

t"f R4'I{rep ;: Irre;?dL’ d"o-' “‘-’ R4'1—{'“‘5" )\(:* Irrey -
Fogedog e
& ST . M. a
iy o T e :

WinPLOTR-2006 Version: 0.50

s Ele Plot Profiles Options X space Calculations opiications  Tooks  Help
= Por B Y BN G PP Per 3 O & (Bl B A 2 @ | mw [ X

We

and

On Format of the data file ) load

in th P—
@ Free Fogpal st 0 Ok DA et 1)  GSAS [TOF|

Clicl © D8.D20 j © DMC,HAPT PSI frn 8] © PANALTTICAL

we l ONLS v 4) " SOCABIM firee. 91 ™ Vg Time Ingt. 11)
C GOLNWDIBDD0 S HYSIGMALN 10] 18IS et 14
© D28, 312, GAZ fIrst B G545 |OW] Cancel

?Q

101

1
After loading the file into WinPLOTR-2006, the first
step is to select background points and save them in a file.
The procedure is indicated in the following three slides.

¥/ /i Preparing a PCR file for treating real data:
R —:Background:seleetion am:- - =

il WinPLOTR-2006 Version: 0.50

Fle Plot Profiles Optians Ext. Applcations Tools Help
H & R R FP P B0 W s (B | H @ A
o
sooo Frofile fitting »
Peck detection >

5 oo 5
= Disabledd
g co00
3 Ao detection
g 000 Clear al
W, L
S e Delete point
a Save background
2 s
2
H

1000

o
10 2 S0 4 S0 o 7o 80 90 100 110 120 130
2theta

R IR N AT R Q

Y./ § Preparing a PCR file for treating real data:
s Background:sélet
WinPLOTR-2006 Vers

Iz Plot Profies Options X spe

éﬂéﬁz 4l Y

Ext. Applications Tools  telp

B8 B PP R 3

v se | Bl | 5 @ A

#pply EFF, o,

‘Smoothing »

8000 o
Profile: fitting »
Peak detection »

s000

4000

3000

intensity (arb. units)

1000
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m Modifying the file generated by AMPLIMODES to
peviid =i treat realidata® W -

Once the background points have been saved in a file, we adapt the
filebcs_modified cti.pecr to treat real data by copying it into
another file (CaTio3ref.pcr), putting Job=1 (neutron data), the
real wavelength and UVW parameters, etc. We include also the
background points as shown below (important items in red):

COMM CaTiO3 Symmetry Modes

! Files => DAT-file: bcs_modified cti, PCR-file: bes_modified cti

1Job Npr Nph Nba Nex Nsc Nor Dum Iwg Ilo Ias Res Ste Nre Cry Uni Cor Opt Aut
1 7 1 16 2 0 0 0 J 0 0 J o 0 0 0 0 0 1

'

'Ipr Ppl Toc Mat Pcr Lsl Ls2 Ls3 NLI Prf Ins Rpa Sym Hkl Fou Sho Ana
J J 1 [ 1 0 4 0 0 3 J J 0 0 0 0 0

'

! lambdal Lambda2 Ratio  Bkpos Wdt  Cthm muR  AsyLim Rpolarz ->Patt#l
1.24900 1.24900 0.00000 50.000 10.0000 0.0000 0.0000 170.00 0.0000

!

INCY Eps Rat Ran Rpr Rgl Thmin Step Thmax ~ PSD  Sent0
15 0.10 1.00 1.00 1.00 1.00 1.0000 0.050000 170.0000 0.000 0.000
! Position Background_value

10.21211 446.13547

17.21063 437.90280

24.48908 429.67017

36.52652 433.78644

m Modifying the file generated by AMPLIMODES to
peviid =i treat realidata® W -

Notice that the Amplitudes of the modes are maintained fixed (zero codes)
because the global scale factor and zero-shift have to be refined roughly before
starting the full refinement

7 o1 M3+ 0.046221 0.000000 -0.046221 1.000000
7 01L2 M3+ 0.000000 0.000000 0.000000 1.000000
! Amplitudes of Symmetry Modes
A MODES 7 2
Al R4+ 0.800000 .000000
A2 RS+ -0.100000 .000000
A3 RS+ 0.300000 .000000
A4_X5+ 0.700000 .000000
A5_X5+ 0.100000 .000000
A6 M2+ 0.020000 .000000
AT M3+ 0.100000 .000000
oo > Profile Parameters for Pattern # 1
! scale Shapel Bov str1 str2 Str3  Strain-Model
1.0000 0.00000  0.00000  0.00000  0.00000  0.00000 [
1.00000 0.000 0.000 0.000 0.000 0.000
' U v W x ¥ GauSiz  LorSiz Size-Model
0.64600 -0.309000  0.142000  0.000000  0.000000  0.000000  0.000000 O
0.000 0.000 0.000 0.000 0.000 0.000 0.000
' a b c alpha beta gamma #Cell Info

5.441000  7.645000  5.380000 90.000000 90.000000 90.000000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

m Running FullProf to refine the amplitudes of symmetry
B modes:-varying“the -amplitudes -

Editing again the file caTio3ref.pcr one can add the variation of
amplitudes keeping also the scale factor and zero point as free
parameters. After varying freely the amplitudes of the modes we
arrive to the following result:

= CEU Pime: 0,859 seconds
- 0.014 minutes i

m Modifying the file generated by AMPLIMODES to
v =i dreat realidata® W -

5/23/2011

Notice that the polynomial background parameters have been removed because we

have selected the option of linear interpolation between 16 background points

! Excluded regions (Lowl HighT) for Pattern# 1
0.0 2.00

170.00 180.00
!
2 INumber of refined parameters
'
! Zero Code SyCos Code SySin Code Lambda Code MORE ->Patt# 1

0.00000 1.0 0.00000 0.0 0.00000 0.0 0.000000 0.00 0

! Data for PHASE number: 1 ==> Current R Bragg for Pattern# 1: 0.00

'

AMPLIMODES for FullProf FIX xyz

'

'Nat Dis Ang Prl Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Nvk Npr More

4 0 0000010 6 0 0 o0 7 543.913 0 7 0

'

062 ——Space gzoup symbol

'Atom  Typ X Biso oce In Fin N_t Spc /Codes

cal  ca 0.00000 0. 25000 0. soooo 0.50000 0.50000 0 0
0.00 0.00 0.00 0.00 0.00

Tl T 0.00000 0.00000 0.00000 0.50000 0.50000 0 0 0 1
0.00 0.00 0.00 0.00 0.00

m Running FullProf to refine the amplitudes of symmetry

b modes: Firstirefine scdlesfactor and¥#ero. shift

Once the file CaTio3ref.pcr has been completed, we load
the file in the FPS toolbar by pressing the button:'5gand the
selecting the file.

Clicking on the FullProf buttonfilflithe program launches and
executes the refinement only with two parameters: scale
factor and zero shift.

#8ll  Inspecting the results of FullProf refinement with
RS <t WinPLOTR=2006" -3 -

Clicking of the WinPLOTR-2006 button [ifd], the program launches and

display the observed versus calculated pattern as well as the
difference curve and Bragg peaks tick markers. Zooming, one can see
the major discrepancy: a Lorentzian component is lacking ...
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Nmn}é.% Modifying Thefcuile to, ,psr;fq;&q-&r;efinem_en‘r
At the present stage of refinement it is possible to free all
parameters. For doing that, one has to add refinement codes to each
parameter susceptible of being varied. In our case the remaining
parameters are UVWY, height of background points, cell parameters
and isotropic temperature factors. After freeing them, we obtain the

following Eicfure:

e 3
DB-Brac.: 0.8078  Datcd
19044

cniz 123

1
99 R-Factor:  3.098
= RP-facter 1520
=> Normal snd, final caloulations and writing

cRU Tinet

#lll Inspecting the results (files *.out, *.sum) an visualising
WEE  the symmetry modes (*:fst) witREFullPPof.Studio

The files of type *.fst contain the information for representing the idealised
crystal structure decorated with arrows representing atomic displacements.
By default FullProf produces a number of files equal to the number of
different irreducible representations contributing to the global distortion.
These files can be edited and modified by the user. For details consult the
corresponding manual accessible from the FPS toolbar.

Picture of the displacement pattern
corresponding to the representation R4+
This irrep involves modes displacing the
oxygen atoms is such a way as representing
a rotational mode around the a-axis.

The global amplitudes of the different

irreps are: .
R4+ : 1.110(3) A
M3+ : 0.853(4) A
X5+ : 0.423(4) A
R5+ : 0.072(7) A
M2+ : 0.008(3) A

Added instructions in the *.fst file to get the picture:
conn TI 0 0 2.2
poly Til color 0 0 1 0.5 edges radius 1.5

#lll Preparing a PCR file extracting integrated intensity
i&fclusters to be used.in=Simulated-AfRealiig?Optimisation

For creating a file with for a LBF the easiest way is fo start with a
copy of the already available PCR files. For instance we can copy the
filebcs_modified cti.pecrinto LBF cti.pcr. We proceed by
suppressing the atoms block and setting the appropriate flags for
doing the LBF (Nat=0, Jbt=2, Aut=0, etc). The important
sections of the modified PCR file LBF_cti.pcr is shown below:

1Job Npr Nph Nba Nex Nsc Nor Dum Iwg Ilo Ias Res Ste Nre Cry Uni Cor Opt Aut
17 116 2 0 0 1 0 0 1 0 0 0 0 0 0 0 O
'

!Ipr Ppl Ioc Mat Pcr Lsl Ls2 Ls3 NLI Prf Ins Rpa Sym Hkl Fou Sho Ana

-1 0 1 0 1 0 4 0 0 3 0 0 0 0 0 0 O

!
INat Dis Ang Prl Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Nvk Npr More

0 [ 00.00.01.0 2 0 [ [ 0 0.000 0 7 1
'
1Jvi Jdi Hel Sol Mom Ter Brind RMua RMub RMuc  Jtyp Nsp_Ref Ph Shift

11 [ [ 0 [ 0 1.0000 0.0000 0.0000 0.0000 1 0 0

5/23/2011

#lll Inspecting the results (files *.out, *.sum) an visualising
W& the symmetry modes (*:fst) witheFullPPof.Studio
After refinement, FullProf produces a series of files containing all it is

needed fo extract physical-chemical information and to allow an analysis of
the results by comparison with other cases. Below part of the OUT file .

== FINAL ATOMS POSITIONS CALCULATED FROM SYMVETRY MODES FOR PHASE: 1
=== Preceded by the structures corresponding to single modes ===
- i to the single I i R4+
Y z ax ay az Dist (a)
Atom Cal  CA  0.00000 0.25000 0.50000 0.00000  0.00000  0.00000 0.00000
Atom Til  TI  0.00000 0.00000 0.00000 0.00000  0.00000  0.00000 0.00000
Atom OL O  0.25000 0.00000 0.25000 0.00000 -0.03628  0.00000 0.27731
Atom OL2 O  0.00000 0.25000 0.00000 0.00000  0.00000  0.07255 0.39020
=> Global Amplitude of Representation Ri+ :1.11003)
= ing to the single T i RS+
x Y z ax ay Dist (a)
Atom Cal  CA  0.00000 0.25000 0.50000 0.00000  0.00000  0.00598 0.03216
Atom Til  TI  0.00000 0.00000 0.00000 0.00000  0.00000  0.00000 0.00000
Atom OL O  0.25000 0.00000 0.25000 0.00000 -0.00101  0.00000 0.00773
Atom OL2 O  0.00000 0.25000 0.00000 0.00000  0.00000 -0.00202 0.01088
=> Global Amplitude of Representation RS+ :0.072(7)

=> Final Complete Structure with contribution of all modes
X ¥ z

Biso @ & a
Atomcal  CA -0.0356(4)  0.25000 0.5060(7)  0.46(2) 0.50000 -0.03564  ©0.00000 ©0.00598  0.19655
AtemTil T 0.00000 0 00000 0 00000 011(3) 0750000 0100000 000000 000000 000000
AtomOl O 0.2891(2) -0.037129013) 0.2102(2)  0.337(7)  1.00000 0.03906 -0.03720 -0.03976  0.41490
AtomoOl2 O  0.0160(3)  0.25000 ol0r05(8)  0.24(2) 0.50000 00159 000000 0.07053  0.38926

#lll Preparing a PCR file extracting integrated intensity
i%iclusters to be used.in=Simulated-Affealiig?Optimisation
The process we have shown up to now goes directly to
the refinement of amplitudes starting with an arbitrary
initial set. This works for the case of CaTiO; because it
is a simple structure with only seven degrees of
freedom.

In the general case one has to be able to "solve" nearly
ab initio a crystal structure supposed to derive from
another of higher symmetry. For that a global
optimisation method (as opposed to least squares, which
is local) may be necessary for getting good initial values
for the amplitudes.

We discuss below the procedure to extract the
integrated intensities using the Le Bail Fit (LBF) with
FullProf

#8ll  First cycle of a Le Bail Fit to the neutron powder
e diffraction data«on CaTiO¥usifige Galls8ian  peaks

Putting Aut=0 and number of refined parameters equal to zero means that
the only parameters to be adjusted are the integrated intensities of the

generated peaks for the given unit cell parameters and space group. After
doing 10 cycles (NCY=10) the run of FullProf gives the result below.

nticnal Rietvald R-facters for Pa
S Rep: 18,9 Raxp:

1 ussr-wsigthed Chi2 (Bragg
> Battecn# 1
1

= B rine 0:
- 0.052 ninutes

=5 END  Date:17/08/2011 Tims => 13:37:40.328

S g mr
e




Y/ & Le Bail Fit on CaTiO; data after convergence.
R UVWY and-cellparameters-Have beéi refined.

Putting now Aut=1 and setting to 1 the codes of the parameters to be
refined (cell parameters and profile parameters U,V,W and Y) we re-run

the program again. After conver:

B

0.2363

0.1863

al calculations an

- Ry rina: 4,594
9.07

<> BND  Date:17/05/2011 Tine =>

ragg centrib

gence, FullProf gives the result below.

or Pattern
5.19

d writing. ..

#lll Preparing a simulated annealing PCR file for working
BEE  with integrated-intensity-elusters ofi@aTiO, (2)

Tick the "Simulated Annealing Optimisation
(Integrated Intensities)" item and then click

on th

~ Editor of PCR Files
Ee E Tk Jowews b Bt
S 2l

FullProf
I I PCR /
| edtor

Gy 008 599

e e e

Pobes: 1 Proses: © /4@ 15370

#lll Preparing a simulated annealing PCR file for working

WEE  with integrated-intensity:elusTers ofiCaTiO; (4)
Select the menu: Editor - Unsaved Input File to open the unsaved.pcr file
and change by hand Job to 1 (experimental neutron data) and Irf to 4
(integrated intensities provided for the phase). Save the file giving it the

name cti_san.pcr to replace th

e original and then reopen (clicking on

“Yes" button) the changed file into EdPCR. Save again to provoke EdPCR to

generate automatic changes and reopen again the internal editor to continue.

o TR
| -Put Job=1 and

thce e Rt Ran hpe Ser Teeln 5
T tmner o recines parameters

irrar-amptinaarsurc

s| _Irf=4and
/save the file
giving it the
name
cti_san.pcr

[+ wata rer pASE numner: 1 o3 Garrent W_maefier Pattcrna 1

iz
ruton 1oy
e o
i

e rusarssstion
s 12

e cu "

[T i
that b5 sag LIt g S rurtn A1z ki dere

In Fin Wt Spe smodes
LR}

;.r/ The FCR Fle was: nocied by external progeam

Reroad PCR Fie?

. Click yes and re-save the file
. again for making automatic
changes in the file

5/23/2011

#lll Preparing a simulated annealing PCR file for working
&S with integrated-intensity:elusters of#iCaTiO; (1)

Copy the modified file (with the real cell parameters)
from the BCS into another one

Example.
If the initial file is called bcs_modified cti.pcr
The new file will be called cti_san.pcr

Load cti_san.pcr in the toolbar and click on EAPCR
button. The file is loaded into EAPCR and we are
prepared for modifications.

#lll Preparing a simulated annealing PCR file for working
S with integrated-intensity:elustérs ofiCaTiO; (3)
The following dialog opens and the user has to fill the

aEEroEria‘re boxes. The shown values are OK for CaTiOj; case.

LR - ficoiibn usrg e holeinferval 2 el slep Pidepiafive Sizp:

i S Clicking on
= OKs returns
iy | to the

M mumberof nsted Tomperauas: [ E[E] Lot aimistle veage i o convence [0 gener‘al
R T interface.
it et @ e [ 0[]

% Scak ot cakdsied sonaiicaly
[ Alow rterchange of stoma S A Akt each [ | [F] Morweecaro epeks

Magpeic Sichaes
Uzl erly when bass unclions of isducble iepreserhalions aie used)
Humbes of coelciets 1o ba swiched bebwoen -
= s!
Cosficent 81
Contioen 2| w Cancel

#lll Preparing a simulated annealing PCR file for working
@EE  with integrated-intensity:elusters ofiCaTiO; (5)
[ xtarnal £4PCR Taxt Editor - [C:\Disk-DVFPSchool- 201 1 \xurcisas-F ullProf-Amplimodes\PCR Within EdPCR,

accessing the menu :

CEd&Q B

s me =| Editor — Input
P Control File (PCR)
Pt e

Edit the file and
delete superfluous

0. gu6221

7 012 . 0. 080000

t Anplitides of Syanetry Modes
T2

e et items. In particular
e H put to zero all Ext1
o BN items, that were

,,,,, by imported from

H iigﬁ Fact previous U,V,W

e parameters.

it Extinction Parameters

| et e ety Ext-toge

-V”MI.II’.J".I.IS .J“Mk:; o {1l l‘“‘“ﬂ:' t‘“!.ll L"'n.el ¢ Notice that the

oo o6 sasase suex 09 1.5 | amplitudes have now

B ok pet usea paransrers refinement codes. There
o.08080 " o.00800 " a.sesea  0.08080 are 7 free parameters
and one has to introduce

the box conditions for
variations of amplitudes.

0.

t © a1pha e

S.ARB08  7.6MSOA0 5388080 90006668 90.
0. et . o0Bm0

.00 .00 0.8

'+ 1ini  Gnneal Accept Numiemps MamThCyc Indtconf

19.000  0.900  0.018 a ]
t MCYCLH  Hsolu Mun Ref NscaleF MAlger
70 T [ o

¢ B

el ol ms

10



#lll Preparing a simulated annealing PCR file for working

Modify the value of Nre
on top of the file to the
value 7 (Nre=7), not
shown in the figure.

Add seven lines, at the
indicated position,
starting with the
numbers 1,2 ...7 and
put -1 1in the same
lines to tell the program
that the parameter
numbered as 1, 2 ... may
vary between -1 and 1.
We do not allow
variations of amplitudes
bigger than one
angstrom.

Save, re-open the file

NEUTRONS . . S ratsuene 5 - —
WEE  with integrated-intensity:elusTers ofiCaTiO; (6)
External EAPCR Text Editor - [C:\Disk-D\FPSchool-2011\Exercises-FullProf-Ampii... [= | B[]
fe Edt Sewch
DxWd&qQ B -
5 5w 6700068 51.000600 ~
A6 t2e 0820000 61.000000
A7_tae 0.108008  71.000000
t-------3 Scale, Extinction and Cell Parameters for Pattern 8 1
+ Seale Factors
+ sci sc2 568 S sc5 Scb
2.000 .000 0.000 o.000 0000 a.000
0.0 8.00 0.00 .00 gl
' Extinction Parameters
4 Ext Ext2 Exta Exty Exts 0] Exty
0.080 0.000 0.060 [ 0. 008 0.600
a.00 .00 0.00 .00
a beta ucel
5.uk1000  7.6u5000 “G00oun 90 0d0obn 9000000 Bhox
-00000  9.00800 5 0.00808  6.0000  0.00000
1 x-Lanbdasz + ot yet used paraneters
0. 00000 @900 0.00000  ©.00800  0.00B00
a. .08 6.00 0.08 .08
1 1
2 - 1
s 1 I
a1 1
5 -1 1
6 -1 1
T 1
? TN anesl ccept tufemps MInCy Initcont
18.800  0.900 9. a
* HCyclH  Hsolu Hum_| N!f Nscilel- Nﬂlgnr
< >
ures cotzs s

and save again as
before.

#l  Running a simulated annealing job with integrated

HELTRONS.
FOR SOBNCE

intensity:clusters ofiCaTiOP = -

Having the created file cti_san.pcr loaded in the FPS toolbar,

one can run FullProf and select as intensity file

LBF_ctil_cltr.int. The program launches as shown below

(Hulti_Pattern: Windowa-version)

o3 STARE DaterZl/18/aNL1 Plme => 12:48:18.343
=> Reading con
End of m_n.m..m—, Zaleulacions !

Initial cenfi

SINULATED ANNEALING SEARCH FOR STARTING CONFLGURATION ==

R T
~o0.672¢ -0.255 0.2013  0.9520 0.0596
o0 00 100,00 Savern: 20000 <o factor (i : 531634 .
N
2000 . -
Loca . t
R T P A ..--.--)t b Fes

m Running a simulated annealing job with integrated

g

intensity-clusters ofCaTIiOP =

This is another run in which we have increased the range of

amplitudes up to 1.34.

=>BEST_CONFIGURATIONS FOUND BY Simulated Annsaling FOR PRASE:
Configuration parameters 142 reflections)

Sol#: 1 <R-factor(e2)>: 3452

Ml_R4+ A2_RS+  AI_RS+  Ad_KE+  AE XS+ AG_M2+  AT_NIH
1 ] 3 5 5 6 7
1.1231  0.0276 -0.0556 -0.3693 -0.2027 -0.0276 0.B433
= CPU Time:  20.031 seconds
=> 0.334 ninutes
=> END  Dara:21/05/2011 Time => 12:55:40.718

. * .
. .
LY ., . .. .
P 0 . L A . .
s,
sin(Thete:/Lambds

#lll Preparing a simulated annealing PCR file for working

HELTRONS.
FOR SOBNCE

B terns EGPCR Text Eubtor - [C:Dik DN PSchoo 201 \srcisos FoProt AmplimodestPCR

A7)
-3 seale, Extinceion 3

i—.
't Scale Factors
it s 3 se
2.000 .a00 0.000 8.000 a.000 0.0
" [ [
'+ Extinction Parameters
1 Ext Exta Exth Exts Exto Eatr Eatolidel
fry T
8 ", .8
+ wcell info

o0 oa.a0u0n  dex .15 1,15
090000

8
steps B BoundCond for 5

HELTRONS.
FOR SOBNCE

with mfegra.tedanfensntyahs‘iﬂ of#CaTiO, (7)

Within EdPCR, editing
again — Input Control
File (PCR)

Verify that the aspect
of the file is similar to
that we have in the
picture

Now the file is
prepared to run
FullProf in simulated
annealing mode using
Clusters of Integrated
Intensities.

Running a simulated annealing job with integrated
intensity: clusters ofCaTIOP - -

One can see that one of the amplitudes is blocked at the value 1.0,
this means that we have to enlarge the limits in order to allow larger
values. We can re-run the program using different conditions.

onfiguration paraneters ( 142 reflactions):
<h-factor(e2)>: 673
KRt ARG RIRST  AG XSS ASXSt  AGNZY RT3
S5 L0000 03313 0.095 -0.3448 -0.1738  0.0373  0.9614
= P Time: 15,875 seconds
= 00331 ninut
=> END Data:21/05/2011 rime => 12:50:05.5d46
s000 .
ano0
25001
88 N
reed .
1387 ..
=804 . 1] . .
EE LN B e I R T L
—s00] ay -t
Sin Thares /i emdn

HELTRONS.
FOR SOBNCE

2t mCaTiOydatd ™ mr

Results of the simulated annealing (SAN) run on

We have seen that the results depend of the constraints. When the
maximum amplitude was limited to 1, the results were worse and
freeing these conditions the R-factor diminished. When compared
with the results of the Least Squares (LSQ) refinement done above,
we see that the good order of magnitude is obtained. Keep in mind
that we have used only a part of the diagram and clusters of
integrated intensities. The SAN method is normally used for solving
a structure and get initial values of parameter for a further

treatment using LSQ.

Comparison of LSQ and SAN amplitudes
Simulated (Integrated
Annealing Intensities)

Least squares refinement

Name Value
Al_R4+ 1.110(3) 1.1231
A2 _R5+ 0.065(7) 0.0276
A3 R5+ -0.031(5) -0.0556
A4_X5+ -0.386(4) -0.3693
A5_X5+ -0.173(3) -0.2027
A6_M2+ 0.008(3) -0.0276
A7_M3+ 0.853(4) 0.8433

5/23/2011
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m Simulated annealing (SAN) using profile intensities on

S e Ca TIOSAG PS5
When the structure is more complex and we need to overcome as
much as possible the problem of overlap, one can use the profile
intensities instead of integrated intensity clusters. For that it
suffices o put Ipr=-1, as shown below. Remember that we alrea
prepared the output of the information needed for this option, w
we put Ipr=-1 in the LBF method.

= R - [ 5o 20110 i

into the file
cti_san_spr.pcr.

coMM £aTiod Simulated Annealing
! Files => DAT-tile: LBF_ctil cltr, PeR-file: cti_san
v.m: Hp( Ipll Nba Hex Wse Wor Dum Iwg Ile Ias ls: !Ie m Cly um car I)pl nuk

Edit the last file and

+ to Ipr=-1
XPW
1 T 0 4 0 3 0 0 0 0

NCY Eps Rat Ran Rpr Rl

1020 100 100 1700 100 Rename the file

. LBS cti.spr info
7 iwunber of sefined pazamsters cti_san_spr.spr

Thmin Step Thax  BSD
1.0000  0.050000 170.0000  0.000

! Data for PHASE mumber: 1 == Current _Bragg for Pattsrnd 1:  5.33
upLINcoES for Fuliesor ooz "
_-uﬂ 2 ﬂﬂ J_I _IJ _I _I_I =l

ekt 5 135

dy
hen

Copy the file cti_san.pcr

change

#lll Simulated annealing (SAN) using profile intensities on

HEUTRONS.
FOR SOBNCE

= CaTiO5-datd™ e 30
Final picture of the profile intensity SAN job.

We are still usini 142 reflections.

=3BEST CONPIGURATIONS FOUND BY Simulatsd Annealing FOR FHASE: 1
=> -> Configuration parameters ( 142 raflections):
fol#: 1 <Rp-Factor(yl>:  4.380 ::
A1_RS+  AZ RS A3 RS+  A9XS+ AS_MS+ A6MZ¢ AT M3+
L 2 7
-1.1051 -0.0694 0.0317 0.3758 0.1603  0.0121  0.8498
= CPU Time: 22,469 ssconds
= 0.374 minutes
=> END  Date:22/05/2011 Time => 13:49:43.350
o000 ]
s000 ]
anao L
o "\;/’k) }\—%-..M&.Wbﬂ

#lll Simulated annealing (SAN) using pr'oflle |n1'ensmes on

remors

S e Ca TiOF G S

Final picture of the profile intensity SAN job using the full
set of reflections.

Lowd ERPCR Meds R E2

=>BEST CONPIGURATIONS FOUND BY Simulated Annealing FOR PHASE: 1
> configuration paramsters ( 393 reflactions):

sol#: 1 Rp-rpactor(y)>: .505 i
A3 et M4 ESY AN xS+ A6 War AT M3+

= X! % 4 7

= 1.1006  0.0555 -0.0421 -0.3735 -0.1721 -0.0036 0.8535

= CPU Time: 57,941 ssconds

=> 0.966 minutes

=> END  Date:23/05/2011 Time => 11:34:55.255

ﬂ Simulated anne
5

HEUTRONS.
FOR SOBNCE

Start of the profile intensity SAN

Jjob.

aling (SAN) using profule mfensmes on
=X .‘CnTIO‘M@"

We are still usini 142 reflections.

= (Multi_pattern: Windows-version)

> BTART Date:ZZ/05/2011 Tlme => 13:46:07.
> Reading control file *.ECR
=2 End of prelininary caleulatiens |

=> Initial configuration cost: 50.12
=» Initial configuration statse vector:

=> **** GINULATED ANNEALING SEARCH FOR STARTING CONFIGURATION **4%

= ALl Fﬂi AZ_| RS* A3 FE* Ad_X5+ A5 KE* AS M2+ AT_M3
=
= -0. fﬂtﬂ -0. fUﬂC -0 ‘091 0.8530 1. ano 0. 31'0 -0.53
Zims i rampe 09,00 (4acc) s 5.7 “avepsr 56000 <Rp-Factor(yi>  50.8525
oo ]
‘aoe]
raac]
roan | f/\ oy
o] e arsn s

#lll Simulated annealing (SAN) using profile intensities on

HEUTRONS.
FOR SOBNCE

=R .‘CnTiogduf&" > 2% -
Starting part of the profile intensity SAN job using the full
set of reflections.
I F ulrof Program B
Initial configuration state vector:
BT ERL N e s ssm aosr
1 3 4 5 ]
0.18%8 0.4554 -0.3
NT + 2.8000
NT 2.6000 <Rp-Factorly)
e Srapes e <mporacior 0o
NT <gtepr: 2.6000 <Rp-Factor(y)>
NT <Btep>: 2.6000 <Rp-Factorly)> :
NT' 1 <gtepr: 2.6000 <Rp-Factor(y)> :
NT 7 Temp: 42.52 (MAcc): 98.37 <Btep>: 2.6000 <Rp-Factor(y)> :
NT 8 Temp: 38.26 (MAcc): 94.90 <step>: 2.6000 <Rp-Factor(y)> 72,5488
2000 ]
[
2T AT
reee L0
i Ul Al
R P e T L T N e -
Comparison of Simulated 9W Wn CaTiO;
B B ~ 2. w -

Comparison of LSQ and SAN amplitudes for CaTiO;

Least squares refinement Simulated
Name Value Annealing
(Integrated
Intensities)
Al R4+ 1.110(3) 1.1231
A2 _R5+ 0.065(7) 0.0276
A3_R5+ -0.031(5) -0.0556
A4_X5+ -0.386(4) -0.3693
A5_X5+ -0.173(3) -0.2027
A6_M2+ 0.008(3) -0.0276
A7_M3+ 0.853(4) 0.8433

We compare below the values of LSQ and different SAN jobs.

Simulated
Annealing

(Profile

Intensities)

1

0.
-0.
-0.
-0.
-0.

0.

.1006
0555
0421
3735
1721
0036
8535

5/23/2011
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= Comparing CaTiOpondghgly..

In this tutorial we provide also neutron powder diffraction data of
LaMnO;. For this compound we can repeat exactly the same steps as
for CaTiO; and do the symmetry mode analysis in the same way.

The most important difference between the two structures is the
presence of a strong component of the M2+ mode corresponding to
the active Jahn-Teller effect in LaMnOs. In the following we show
the value of the amplitudes of the five Irreps in both compounds.

Comparison of LSQ amplitudes of CaTiO; and LaMnO, = o
caTio, LaMno, -> m0 " 53

Al_R4+ 1.110(3) 1.195(3) :
A2 _R5+ 0.065(7) 0.084(2) R e
A3 R5+ -0.031(5) -0.019(3) g
A4_X5+ -0.386(4) -0.546(2) :
A5_X5+ -0.173(3) -0.141(3) H
A6_M2+ 0.008(3) -0.363(3) N
A7_M3+ 0.853(4) 0.904(3) 3

In the following slides we show the running of a LSQ refinement and 5

a profile intensity SAN run for LaMnO;, as well as a series of
pictures of the crystal structure and symmetry modes.

NEUTRO Looi EdPCR Mode Ram Ext NEUTRO Looi EdPCR Mode Ram Ext

it => Rietveld, Profile Matching & Integrated Intensity A —_- A
- Refinement of X-ray and/or Neutron Data
= (Multi Pattern: Windews-versicn) START Date:20/09/2008 Time => 15:33:20.261

Reading control file *.BCR ..
End of preliminary calculations |

=> START Date:20/08/2008 Time => 15
=> Reading control fila *.ECR

=> End of preliminary calculations |

7.640

=» *%4+ SIMULATED ANNEALING SEARCH FOR STARTING CONFIGURATION ****

guration cest:  107.
guration state vector:
Q2_RS+ Q3_RS+ Q4 XS+ Q5 X5+ Q6 M2+  Q7_M3+
4 5 6 7

=» wews STIMULATED ANNEALING SEARCH FOR STARTING CONFIGURATION “e&w

=> Initial con tion cost:  107.1%

=> Initial confi

00 0.0000  0.0000

guration state vector: 0.0000  0.00
= Ql_R4+ Q2 RS+ Q3 _RS+ Q4 XS+ 05 XS5+ Q6 MI+ Q7 M3+ .04 <step>: 4.0000 <Rp-factor>: 85.4356
= 1 z 3 4 5 6 i .12 <step>: 3.7571 <Rp-factor>: 86.7607
= 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000 .49 <step>: 3.8286 <Rp-factor>: 65.8903
=> NT: 1 Temp: 6.00 (%Acc): 42.04 <step>: 4.0000 <Rp-factor>: 85.4356 = ($hcc): 32.04 <Step>: 2.2809 <Rp-factor>: 56.3059 =
Function evaluationa: as1 lamn_san.int Function evaluationa: 161 lamn_san.int
s00 . = s00 .
500 . -
7004 F]
s00 4 N
s00+
400+
300
2004
1004
R ;‘\,\ A
AV J\J P -
oo - A "W v
20 s0 a0 s0 €0 70

a0
2Theta 2Theta

=> we#» SIMULATED ANNEALING SEARCH FOR STARTING CONFIGURATION *=*w
guration cost: 107
= guration state vector:
= Q2_1 qs+ q37R5+ Q4_X5+ Q5 X5+ Q6 M2+ Q7 _MI+
= @5_X5+ Q6 MI+ Q7 M3+ 4 5 & 17
= 1 5 [ 7 0. DOCJ a. JCDO 0.0000 0.0000 0.0000 0.0000
= 0.0000 0. DQCJ a. OCDU 0. 0.0000 0.0000 0.0000 6. (%Acc): 42.04 <step>: 4.0000 <Rp-factor>: £5.4356
=> 1 - (%Acc . : 4.0000 <Rp-factor>: £5.4356 S.’C (%Acc): 56.12 <step>: 3.7571 <Rp-factor>: £6.7607
=2 5.7[: (®Acc] 3. <Rp-factor>: 86.7607 5.41 (%Acc): 24.49 <Step>: 3.8286 <Rp-factor>: 65.8%03
=> 5.41 (%Acc) 3 <Rp-factor>: 65.8903 5.14 (%Acc): 32.04 2.2809 <Rp-factor>: 56.3059
=> 5.14 (%Acc] 2 <Rp-factor>: 56.3059 4.89 (%Acc): 31.02 1.6271 <Rp-factor>»: 49.8507
= 4.85 (3Acc) 1. <Rp-factor>: 49.8507 4.64 (%Acc): 47.76 <Rp-factor>: 48.1753
= 4.64 (%Acc): 1. <Rp-factor>: 48.1753 4.41 (%Acc): 34.2% <Rp-factor>: 33.1074
- 341 (sace : <Rp-factors: 33.1074 115 (saco: 42.24 <Rp-factors: 35.1309
- ii% (saco) o <Rp-tactors: 35.1309 356 (aacor: 42.04 <Rp-factors: 28,3311
Punction evatustionss sz Aoem_sanednt Punction evatustionss asns Aoem_sanednt

o ssed " o ssed
g E soo]
£ £ 7004
- - &00 -

i sl

= 4004

. s0ad

2 ool

P oo . "

1004 \
e S AN W«J\NWN\M\\MN“MW‘“
20 o 0 so p 70 o0
2theta
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Initial configuration cost:

@l R4+ Q2 RS+ Q3 RS+

2z 3

0.0000 ©0.0000  0.0000
NT: 1 Temp: 6.00 (8Ace): 42.
NT: 2 Temp: 5.70 (%Acc): S56.
NT: 3 Temp: 5.41 (%Acc): 24.
NT: 4 Temp: 5.14 (%Acc): 32.
NT: 5 Temp: 4.89% (%Acc): 31.
NT: 6 Temp: 4.64 (BAcc): 47.
NT: 7 Temp: 4.41 (%Acc): 34.
NT: 8 Temp: 4.19 (%Acc): 42
NT: 9 Temp: 3.98 (%Acc): 42
NT: 10 Temp: 3.78 (%Acc): 4%

Initial configuration state vector:

107.15
Q4_x5+
4
0.0000
04 <step>
12 <stepr:
45 <stepr:
04 <stepr:
02 <stepr:
76 <Stepr:
28 <step>:
.24 <stepr:
.04 <step>:
.39 <step>:

Function evaluationa:

@5_X5+ Q6 M+ Q7 M3+
5 € 1
L0000 0.0000
. <Rp-factor>: §5.4356
3. <Rp-factor: B86.7607
3. <Rp-factor: 65.8903
2. <Rp-factor: 56.3059
1. <Rp-factor: 49.8507
1. <Rp-factor>: 48.1753
1. <Rp-factor>: 33.1074
0.80%0 <Rp-factor: 35.1309
0.7418 <Rp-factor>: 28.3311
0.6986 <Rp-factor>: 38.8114
aso1 lamn_san.int

&0

a0
2Theta

NT: 61 Temp:
=> NT: B2 Temp:

0.10 (%Acc): 45.
0.09% (%Acc): 4%.

BEST CONFIGURATIONS FOUND BY Simul,

52 <step>
39 <step>

: 0.0423
: 0.0400

CPU Time:

=> END Date:20/09/2008

41.578 seconds
0.693 minutes

Function evaluationa:

-> Configuration 200 reflections):
=> solf: 1 RF2=  5.445
= Ql_R4+ Q2_RS+ Q3_RS+ Q4 XS+ 05 _X5+
1 2 3 4 5
1.2033  0.0830 -0.0167 0.5630 0.1370

Time => 15:30:28.109

40181

<Rp-factor:
<Rp-factor:

ated Annealing FOR PHASE.

Q6_M2+
6

0.3626

5.75688
5.7702

Q7_M3+

7
0.3074

lamn_san.int

&0

a0
2Theta

Mode 1, Q1_R4+ = -1.18968
Ol R4+ (0.0, 0.0, 0.031721)
02 R4+ (0.063442, 0.0, 0.0)

Mode 3, Q3_R5+ = 0018171
01 R5+ (00, 00,-0031721)
02 R5+ (0.063442, 0.0, 0.0)

NT: 6 Temp: 4 <Step>: 1.1245 <Rp-factor>: 48.1753
NT: 7 Temp: 4 <step>: 1.1456 <Rp-factor>: 33.1074
NT: 8 Temp: 4 <step>: 0.8080 <Rp-factor>: 35.1309
NT: 9 Temp: 3 <step>: 0.7418 <Rp-factor>: 28.33il1
NT: 10 Temp: 3 <step>: 0.6986 <Rp-factor>: 38.5114
Nr: il Temp: 3 <step>: 0.6925 <Rp-factor>: 35.3227
NT: 12 Temp: 3 <step>: 0.6375 <Rp-factor>: 30.5381
NT: 13 Temp: 3 <step>: 0.5964 <Rp-factors: 34.7674
NT: 14 Temp: 3 <step>: 0.5964 <Rp-factorr: 43.1870
NT: 15 Temp: 2 <step>: 0.6340 <Rp-factorr: 20.1178
NT: 16 Temp: 2 <step>: 0.4866 <Rp-factorr: 28.4385
NT: 17 Temp: 2 <step>: 0.5231 <Rp-factor»: 25.6775
NT: 18 Temp: 2 <Step>: 0.4843 <Rp-factor>: 20.3788
NT: 19 Temp: 2 <step>: 0.4271 <Rp-factor>: 20.7542
NT: 20 Temp: 2 <step>: 0.4271 <Rp-factor>: 19.0894
NT: 21 Temp: 2 <step>: 0.37%0 <Rp-factor>: 17.4597
Function evaluationa: 10281 lamn_san.int
s00 .

a0
2Theta

HEUTRONS.
STENCE

Mode 5, Q5_X5+ = -0.139910
02 X5+ (00,-0.089721, 0.0)

Crystal Structure-of :kaMnO;

Mode 4, Q4_X5+ = -0.546082
La X5+ (0.0,-0089721, 0.0)

5/23/2011
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ﬂ Comparison of the crystal structures
= of LaMnO; and CaTiO;"

Pictures (seen along [010]) of the crystal structures of LaMnOj; (left panel) and CaTiO;
(right panel) showing the stronger distortion of MnO, octahedra in comparison with TiO,
octahedra due to the Jahn-Teller effect that is active in LaMnO;. The antiferro-distorsive
Mode 7, Q7_M3+ = 0.901264 Mode 6, Q6_M2+ = 0.355652 orbital ordering is clearly seen as an elongation of the occupied d,-like orbital. This
01 M3+ (-0.04486, -0.04486, 0.0) 01 M2+ (0.04486,-0.04486,0.0) corresponds to a Mn-O distance that is much longer than the others (d,=1.904(1),
d,=1.969(2), d72.182(1)). The short and long distances are nearly within the shown ab plane
and a long bond is always connected to the short bond of the adjacent octahedra.
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