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M 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.



M Symmetry and Phase Transitions
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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.



I/ Mode Crystallography
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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, JAppICryst 42, 820 (2009)



Ml pistorted structures in.terms of modes
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Let r(u) be the positions of the atoms p (n=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(e, 1) =ro(e)+ue, )|  w=12.s i=12..n,

U(ee,i) = X A, (7, M| )

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



M Distorted structures in. terms _of modes
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u(:u’i):ZAf,m s(r,m\,u,i) u=12,..s, i:l,2,...nﬂ

The mode (7, m) is defined by the polarisation vectors:
e(z,m| u,1)

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

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

directly BY: 4t 19 = R u(us i) = > A . Re(r,m]| w,i)
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The normalization of the polarisation vectors is chosen
to verify:

-\ |2
Zmu““" ‘8(2’, m | ,u,l)‘ =1
7y

"‘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,ia(r, m|,)e(z' ', m'| g, 1)=0_.0,..
0,




M Distorted structures in terms of modes
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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 fermed
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.



Distorted perovskite: structure type GdFeO;

Space group: Pnma, parent structure Pm3m
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Group-subgroup chains relating Pm3m and Pnma
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It is also in general very convenient to express the
global distortion in ferms of the different symmetry
components (this is done in AMPLIMODES):

(i) =S A e(m.m] i) =S A e(z| i)

1/2
A-(ZA |

e(Tl’u’i):Za‘r,m S(T’mlluii); ar,m — Af'm

A ]
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JUll Refinement of crystal structures using amplitudes of
e symmetry modes: instead of atom#positions in.FullProf

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
A low 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.



Flll Refinement of crystal structures using amplitudes of
Seee symmetry modes: instead of«atomapesitions in FullProf

The atoms position are calculated from the following formula:

erS = erS "‘ZCQO g(m| )
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 €(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.

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



Example of PCR file for FullProf corresponding to
the compound LaMnO;

LaMnO3

! Symmetry modes option

INat Dis Ang Prl Pr2 Pr3 rf Isy Str Furth ATZ Nvk Npr More
4 0 0 0.0 0.01.0 0 0 0 7 967.370 0 7 1

Pbnm <--Space group symbol
1Atom Typ X Y Z Biso Occ
La LA 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 0 0.75000 0.25000 0.00000 0.43965 1.00000 -
keyword 0.00 0.00 0.00 271.00 0.00 C'\'g;?ii'i':rits'o”
0 0 0.50000 0.50000 0.75000 0.50234 0.50000

0.0 L .00
. Number of polarisation vector modes
! olari 1 ectors or oymmectry moaes ror eacn acoi

V_MODES | 12 Indices of the modes /
! Atm 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
7/ 02 M3+ 0.000000 0.000000 0.00O0O000 1.000000

I Amplitudes of Symmetry Modes
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! Pola
V_MODE

Example of PCR flle for FullProf corr

risation
S

es dmg to 1'he
= compound EaGMnO;" &
Indices of the modes

ctors of Symmetry Modes for each atom
Symbols of the Irreducible representations

! Nm A P Vx Vy Vz Coeff

1 0.000000 0.000000 0.031721 1.000000

1 0.063442 0.000000 0.0000O0O 1.000000

2 | La -0.089721 0.000000 0.000O0O0O 1.000000

3 |01 0.000000 0.000000 -0.031721 1.000000

1. . Polarlsatlon vectors components

\Z/ 02 0.000000 0.000000 o0.000O0OO 1.000000
! Amplitudes of Symmetry Modes
A_MODES 7 111111 1———Keyword, #of modes, output for FST
Ql R4+ -1.189680 181.0000
Q2 R5+ -0.086467 191.0000
Q3 R5+ 0.018171 201.0000
Q4 X5+ -0.546082 211.0000 | Names of amplitudes, values and
Q5_X5+ -0.139910 221.0000 | refinement codes (allowing constraints)
Q6 M2+ 0.355652 231.0000
Q7 M3+ 0.901264 241.0000
l—————— > Profile Parameters for Pattern # 1
! Scale Shapel Bov Strl Str2 Str3 Strain-Model
0.86919E-01 0.00000 0.00000 0.0000 0.0000 0.00O0O 0
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Visualisation of si %e”modes
using FullProf Studio

« 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:

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

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



NEUTRONS

using FullProf

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

V7§ Visualisation of Ir'ré ._MC
udio

The program interprets this value as an 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.



fll  Visualisation of mq_des ﬁlng
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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



fll  Visualisation of single modes
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Examples:

A MODES 7 2 — Modesregrouped in an FST
file per irreducible representation (arrows, default of
AMPLIMODEYS)

A MODES 7 -2 — Modesregrouped in an FST
file per irreducible representation (structures)

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

/| Visualisation of si g modes

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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*1 Bilbao Crystallographic Server - Mozilla Firefox
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File Edit ‘iew History EBookmarks Tools  Help

|=ILL i Meutrons For science ; Publications ... ¢ | || Bilbao Crystallographic Server * | IJ kb e, phvsics, . fsmaworkshopzo11) = | + | T

| (- ,I‘ | U hikkps e, crwst, ehu, esf i7" C'J | ".lv bilbao crystallographic ser';"ll E

[38] Mast visited #P Getting Started |5 Latest Headlines

LY

1 s

A% . _
= hilbao crystallographic server o

[ The crystallographic site at the Condensed Matter Physics Dept. of the University of the Basque Country ]

[ Space Groups | [ Layer Groups | [ Rod Groups | [ Frieze Groups | [ Wyckoff Sets |

GENPOS enerators and General Positions of Space Groups
WYCKPOS Wheckoff Positions of Space Groups
HKLCOND Reflection conditions of Space Groups
MAXSUB Maximal Subgroups of Space Groups
SERIES Series of Maximal lsomorphic Subgroups of Space Groups
ITOH’[ 2011 WYCKSETS Equivalent Sets of Wckoff Positions
Workshop on the NORMALIZER Mormalizers of Space Groups
Online Edition of KVEC The k-vector types and Brillouin zones of Space Groups
Inteéﬁzf ;E g-l;;tl:ﬁi for gﬁ;gl:i;’lg‘;;g Geometric interpretation of matrix colurnn represertations of
3T August - 3 September 2077 SYMTEDY QpEENons

Bilbao / SPAIN

£
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AMPLIMODES Bulbao Cr'ys'rallo

*1 Bilbao Crystallographic Server - Mozilla Firefox

File Edit ‘iew History EBookmarks Tools  Help

(' ._l".'\ | Ij hikkps e, crwst, ehu, esf

|=ILL 1 Meutrons For science ; Publications ... ¢ | IJ Bilbao Crystallographic Server

* | D kb v, phvsics, . lfsmaworkshop2011) °© | + |

raphic Server
e

T

-

'-:l = hbilbao crystallographic ser'j::'| 8

@ Mosk Yisited " Getting Starked |5 Latest Headlines

How to cite the server CORREL
Tutorials POINT
SITESYM

Correlations Between Representations
Foint Group Tables
Site-symmetry induced representations of Space Groups

Material from the
school on the server

Solid State Theory Applications

Spectral Active Modes (IR and RAMAN Selection RFules)
Meutron Scattering Selection Rules

Frimary and Secondary Modes for a Group - Subgroup pair
=ymmetry Mode Analysis

Fseudosymmetry Search in a Structure

Degree of Pseudosymmetry Estimation

Transition Faths (Group not subgroup relations)

(June 2009)

CrystallographyOnline: SAM
International Schoolon NEUTRON
thelJseandApplicaions SYMMODES
ofheBilbae

Crystallographic AMPLIMODES

Server PSEUDO

MNews: DOFPE
TRAMNPATH
+ BUGFIX:
AMPLIMODES

03/2011: A bug
nccuring in the

selection of
representatives has
been fixed. CELLTRAM
« DOPE STRAIN
03/2011: Mew version of WPASSIGN
DOPRE.
TRANSTRU

Structure Utilities

Transform Lnit Cells

Strain Tensor Calculation
Assignment of Whyclkoff Positions
Transform structures.

LY

£
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AMPLIMODES Bllbao Crysta!o
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1; AMPLIMODES - Mozilla Firefox
File  Edit Bookmarks

Help

Wiew  Hiskory Tools

i

raphic Server
W
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|=ILL it Meutrons For science @ Publications ... | || AMPLIMODES

x | IJ kb e, phvsics, . fsmaworkshopzo11) = | + | -

- | | '-" = hbilbao crystallographic ser')??‘-'ll 8

(- ,_I'\ | U hikkp s v, crwst, ehu, esforyvstfamplimodes bkl

[38] Mast visited #P Getting Started |5 Latest Headlines

.
Bilbao Crystallographic Serer =+ Symmetry mode analysis Help b
AMPLIMODES: Symmetry mode analysis
AMPLIMODES for FullProf Suite
/
Tile [ -~ |
Cormments I’ k h “h "
_ Click on the “here” button
AMPLIMODES Structure Data ’_ | orowse.. |
carmes out [in CIF format]  HINT: [ The option for a given filename is preferential |
symmetny-mode
analysis of a # Space Group ITL number
displacive phase 21
. . # Lattice parameters
transition. Starting 4.006 4.006 4.006 90 90 90
frarm the # Number of independent atoms in the asvimetric unit
expearimeantal 3
structures of the High # [atom type] [nuwber] [WP] [x] [¥] [z]
high- and low L
symmetry phases, Structure O 1 3¢ 0.5 0.0 0.5
the program
determines the
global structural
distortion that
relates the two
phases. The v
< >

B i
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AMPLIMODES for' FuIIP.r.'gf

1; AMPLIMODES for FullProf - Mozilla Firefox

Eile

Edit  Wjew  Hiskory

Bookmarks  Tools  Help

|=ILL it Meutrons For science @ Publications ... | || AMPLIMODES Far FullPraf

(- ,_I'\ | IJ hkkps v, crwst, ehu, esfhtmlfcrystfull-modes . Bkml

D Mosk Yisited " Getting Starked | 5 Latest Headlines

Bilbao Crystallographic Serer =+ Symmetry mode analysis

Enter the high symmetr;

This version of
AMPLIMODES
produces a block
of text to be
inserted in the
Jcrinput file of
FullFrof to
enable a direct
refinement of the
amplitudes of the
basis
symmetry-modes
generated by
AMPLIMODES,
instead of
performing a
conventional

structure according to the
template already provided

AMPLIMODES for FullProf

B
Structure data | / " m_rse _
HINT: [ Upload the structure as a CIF file (defaulgf, or as a text in the window below |

# Space Group ITL nuwher ¢
221

# Lattice parameters

3.8246 3.8246 3.8246 90 90 90

# Number of independent atoms in the asymmetric unit
3

High # [atom type] [nuxker] [WP] [x] [¥] [=]
fa 1 1b 0.5 0.5 0.5

Syrnmetry Ti 1 1a 0.0 0.0 0.0

Structure o 13d 0.5 0.0 0.0

Far the low symmetry structure, only the space group (and transformation matrix) is necessary,
structure is optional. If given, the program will return the corresponding amplitudes of the mode
instead of setting them to zergo.

| |[ Browse.. ]
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NEUTRONS = S f‘\a o
."-.1 AMPLIMODES for FullProf - Mozilla Firefox

Ele Edit Vew History Bookmarks Tools  Help Only fhe nLIlT\bel" Of The |OW
|=ILL 11 Meutrons For science : Publications . | |_| AMPLIMODES For FullPre symme-‘-ry space gr.oup and _

(' | | |J bt ! e, crvst, ebu, esthtmlfcrystFull-modes, html

o the unit cell parameters are

[32] Mast visited $ Getting Started (5 Latest Headlines
PUIIUIIII.III::dI_rI d d h
conventional neede ere
_refl_n_ement of ] HINT: [ Upload the structure as a CIF file (dlafault), or a5 a text in the window below |
individual atomic # Space Group ITA number i

FOR SCIENCE LA N WA

—— e

|

coordinates. The B2

program can # Lattice parameters

also generatea 5.441 7.645 5.330 90.0 S0 90 90
default starting
per file for Loy Symimetry
simulation of a Structure
neutron powder

diffraction
diarram and for

2 The coefficients of the
9 transformation matrix (a'=a-c,
° b'=2b,c’=a+c) are provided as |

, columns B 1

FullFrof, the input
of a lowe , T
symmetry Rotational part Crigin hift

structure is k o |[1 |

optional, apart | tris farm:
from the T 0 | 2 o |
high-symmetry 1 o |1 |
structure, only the
input of the

1

1£4

- L
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] Symmetry modes for. FullProf - Mozilla Firefox |:||i|fz|
File Edit Wiew History Bookmarks Tools  Help

‘ =ILL i+ Meutrons for science : Publications ... | || Symmetry modes For FullProf x | IJ hiktp: Mo, physics, . fsmaworkshop201 1) | + | x

\ + ,I | U httpe i fv, cryst.ehu,esfogi-binfcryst fprograms/nph-full - - - - B R

[&] Most visited $ Getting Started |5 Latest Headlines ReSUH.S Of AMPLIMODES
Eilbao Crystallographic Server =+ Symmetry mode anab affer' CliCking On ?he “ShOW" —
button on the input page

Symmetry mode analysis

High symmetry structure

221

3.8240 3.8246 3.8248 90 90 90 B
3

Ca 1 1b 0.50000a 0.50000a 0.500000

T1i 1 la 0.oooooo 0.oooooo 0.oooooo

0 1 ad 0.50000a 0.oooooa 0.o0oooa

Transformation matrix

[ 1 0 1110 o]
[ a 2 010 a]
[ -1 0 111 o]

Transformed high symmetry structure in the subgroup basis

Feferance Structure

ne2

5.408801 7. 649200 5. 408801 20.000000 90.000000 90000000

4

Ca 1 iz 0.oooooo 0.z250000 0.500000

Ti 1 da 0.oooooa 0.oooooa 0.o0oooa

o 1 ad 0.z250000 0.oooooo 0.z250000

0 1_2 dc 0.oooooa 0.z250000 0.o0oooa b
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iy Symmetny modes for FullProf - Mozilla Firefox Z E E|
File Edit ‘iew History EBookmarks Tools  Help

|EILL :: Meutrons for science : Publications ... = | || Swmmetry modes For FullProf * | |:| kb e, phvsics, . fsmaworkshopzo11) = | + | x
&.. | | htkp:ffeman, cryst, ehu,esfcgi-binfcryst fpragrams nph-full-modes oo [ [ hikan ok allnarankic con 1] e
|_| Mast Yisited " Getting Starked | 5 Latest Headlines Summar'y Of Symme'h"y

modes decomposition
and text to be copied

‘Atoms |WF" ‘ Modes |Show Modes . .
01  |3d |R4+{1)RS+{1) X5+(1) M2+{1) M3+{1) in the PCR flle

Cal |1b |R5+{1)X5+{1)

Symmetry Modes Summary

Summary of Decomposition /

‘K-vector Irrep | Direction l‘gﬁggfoyup ‘Dimension

(1212,112) R4+ [-aa0)  |mma(rd) | 1

1(1/2,12,112) |R5+ |(a.a,0} Imma(r4y | 2

(01720} |¥5+ |(2.0,000,0)|Cmem (63) | 2 1
(1/2,1/20) |M2+|(0,0,a] Paimbm (127)| 1

(1/2,1/20) | M3+|(0,0,a] Paimbm (127)| 1

Yol can copy and paste the following text onyour pcr file

0az {——S5Space group =ymbol
IAtom Tvp X T z Ei=o Do In Fin H_t Spc ~Codes
Cal Ch o.o0ooooo 0.250000  ©.500000 0.500000 0.500000 0 1] 1] 1
0.0oo 0.0oo 0.0oo 0.oo 0.oo v

Til TI 0.oooooo  o.000000 0.000000 ©.500000 0.500000 0 1] ] 1
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) Symmetry modes for, FullProf - Mozilla Firefox

File Edit ew History  Bookmarks  Tools  Help
|=ILL i Meutrons For science ; Publications ... ¢ | |_| Symmetry modes For FullProf * | IJ kb e, phvsics, . fsmaworkshopzo11) = | + | T
(- ,_I'\ | IJ hikkp s v, cryst, ehu, esfcgi-binfcryst fprograms/nph-full-modes i7" C'| |'-.lv bilbao crystallographic ser'j?t'l 8
[38] Mast visited #P Getting Started |5 Latest Headlines
laz2 ¢——Space group =vnbol A
lhtom Tvp X T z EBi=zo Qoo In Fin H_t Spc ~Codes
Cal Ch 0.000000 0.250000 0.500000 O0.500000 0.500000 O 1] il 1
o.an o.an o.an 0.0o 0.on
Til TI 0.o00000 o0.000000 O.000000 O.500000 0.500000 O 1] il 1
0.on 0.on 0.on 0.o0 0.on
o1 o] 0. 250000 0.000000 0. 250000 0.500000 1. 000000 0 1] i 1
0.on 0.on 0.on 0.o0 0.on
012 0 0.000000 0.250000 0.000000 O.500000 0.500000 O 1] il 1
o.an o.an o.an 0.0o 0.on
| Polarization Vectors of Svmmetry Modesz for sach atom
V_HODES 12
I Hm Atm Irrep Vx Wy Vz b : d :
101 Ri+ 0.000000 —0.032683 0.000000 1.00 Tex." 1'0 e Cop'e ln
101 2 Ri+ 0.o0o0o000  o0.000000 0O.0e5366 1.00 °
2 Cal RS+ 0.000000 0.000000 0.092442 1.00 The PCR flle Clnd
301 RS+ 0.o00000 0.032683 0.000000 1.00 " 20
;o012 wme+  o.ooooon oooooooo ooossaes 100 pUtton T here’ to
4 Cal A5+ 0.092442 0.000000 0. 000000 1.00
501 iS5+ 0.o00000 o.000000 O.000000 1.00 l f
5oL 2 A5+ —0.092442 0.000000 O.000000 1.00 Cr‘ea.re a Temp a*e o
601 M2+ -0 046221 0.000000 -0.046221 1. .00 'I f
6 01 2 M2+ 0.o00000 o.000000 O.000000 1.00 PCR f' e Ol"
7 01 M3+ 0.04e221 0.000000 —0.046221 1.00 . .
7 O1_2 M3+ 0.000000 0.000000 0.000000 1.00 CQ'CU'Q"’IOHS WITh
ldnplitudes of Symmetry Hodes P
& MODES 7 2 F 1 f
Al_Ri+ o.o0oo0o 1.00 u r'o
A2 RS+ 0.o00000 1.00
A3 RS+ o.o0oo0o 1.00
A4 _HO+ Oo.o0oo0o 1.00
AS_HO+ 0.o00000 1.00 .
Ab_M2+ 0.o00000 1.00
AT M3+ Oo.o0oo0o 1.00
You can download the full per file for a default neutron simulation v
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AMPLIMODES for FullProf: Templa

11 Mozilla Firefox

File Edit Wiew History Bookmarks Tools  Help

|nILL i+ Meutrons for science : Publications ... | || htkp:ffenene crvest eb . fkmpfsktru24801, por 2 | |j hiktp: Mo, physics, . fsmaworkshop201 1) | + |

SSAE . - AN f_‘# ~~¢;‘ - -o“«v “
8 - R - o

6 | || httpe e, crvst ehu,esftmp)stru243801 . por ’ - "lv bilbao crystallographic ser')-:-'

St

[&] Most visited $ Getting Started |5 Latest Headlines

COMM  AMPLIMODES for FullProf

! Files =» DAT-file: myDAT file PCR-file: myPCR file

'Jokbh Npr Nph Nbha Nex Nsc Nor Dum Iwg Ilo Ias FEes Ste Nre Cry Uni Cor Opt Aut
3 7 1 a 2 u] a 1 a a a u] u] a a a a a 1

I

'Ipr Ppl Ioc Mat Per L3l LsZ2 Ls3 NLI Prf Ins Epa 3vin Hkl Fou Sho Ana
u] u} 1 u} 1 u] 4 u] u} 3 o o u] u} u} u} u}

' lambdal LarmbdaZz Batio Bkpos wdc Cthm muk bsylim Rpolarz ->Pattc# 1
1.227200 1.2Z27200 0O.0000 5S0.000 10.0000 O.0000 OQ,0000 170,00 0.oo0oo
I
'WCY¥ Eps ER at R an R pr B gl Thmin Step Thimax PaD Sentd
1 0.10 1.00 1.00 1.00 1.00 1.0000 0.050000 170.0000 0.ooo0 O.ooo

I
I Excluded regions (LowT HighT) for Patternf 1
0.oo Z.00
170.00 150.00

7 'tharkher of refined parstneters

! Zero Code SwCos Code Sy3in Code  Lambda Code MORE —->Patt# 1
0.o0o0000 0.0 0.00000 0.0 0.00000 0.0 o.000000 o.on o

! Background coefficients/codes for Patternf 1

100,00 0.oo0o00 0.o0oa0 0.o0oo0 O.oooo 0.oo0o00

0.o00o0 o.ooo O.ooo o.0oo0 O.ooo 0.0oo0

gy g g g gy S Sy S
! Data for PHASE number 1 == Current R_Bragy for Pattern# 1 u]
gy g g g gy S Sy S
AMPLIMODES for FullProf FIX xvy=

1

'Nat Dis Ang Prl PrZ Pr3 Jbht Irf Isy 3tr Furth LTZ vk Npr More

4 u} u} o.0 0.0 1.0 & u] u] a7 0.0oo0 u} 7 u]
06z <——-3pace group sSymbol

Vhtom Tvp X T zZ Bi=o O In Fin M_t 3pc fCodes

Cal h O, ooooog o, 250000 O, 500000 O, 500000 o, 500000 0 [ [ 1




#dl Running FullProf with the PCR file generated by

R X PLIMODES™ %
FOR SCIENCE Ny S < y p ~ R .
FullProf Suite ToolBar,
File Programs Setkings  FP Dimensions  Run a Scripk Help
==X % E == &1 4] k ED SNE TEE L=
- ; FE! -sgﬁ; PCR F il @ @ 2 "*r‘l- : refp A
Wokking Dirgckorsy: C1\Disk-DY\FP3chool-201 1 Exercises-FullProf Amplimodes\PCR-files, CaTio3), Code File:  |bcs_template_cti Type: PCR Dake; [17/05/2011

ile” menu the working directory

\\1' Select, in the |

2\ Load the PCR file in toolbar (first left button). In
odur case the file is called: bcs template cti.pcr

3: The file £an be readily edited by clicking on the
second bufton 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.



S8 Running FullProf with the PCR file generated by
FORSUENGE = AMPLIMODES™: iy v -

TRS FullProf Suite ToolBar

1 2o [

File Programs Settings FP Dimensions Run a Script Help

20 B E ) e | 2 bld a0 [ B S5 ) 0 B IR 2 @

Warking Direckory 1 Disk-DAFPSchoal-201 11 Exerrises-FullProf-amplimodes) PCR-files CaTios, Code File:  |bos_templake_chi Type: PCR Dake: [17/05/2011

B{=1[E

—========—=—=——=—=====xx* LCY_LE:* j_

>

=» Control file *.pcr: bes template cti

=X Pattern: 1 becs template oti

=> Ordering reflections contributing to each point for pattern: 1
=» Calculation of ¥i for all points + MNormal Matrix & Vector...

=» Calculation for pattern: 1

=> Normal end, final calculaticons and writing...

Calculation done for a cubic
= CPU Time: 0.375 Snleconds |deal pel"OVSlee dZSCF‘ibed
= 0. 008 minutes in the low symmetry setting

=> END Date:17/05/2011 Time => 08:11:53.%23

=

Crrole o 1 bo= template_ oti

Z=Theta




S8 Running FullProf with the PCR file generated by
G s LAMPLIMODES™E -

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: bcs modified cti.pcr).
For instance, introducing the following values:

Al R4+ 0.800000 1.00

A2 R5+ -0.100000 1.00
A3 R5+ 0.300000 1.00
A4 X5+ 0.700000 1.00
A5 X5+ 0.100000 1.00
A6 M2+ 0.020000 1.00
A7 M3+ 0.100000 1.00

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



J@l Running FullProf with the PCR file generated by
o AMPLIMQODES-and modified®by fhébuser .

TRS FullProf Suite ToolBar

1 2o [

File Programs Settings FP Dimensions Run a Script Help

E ' -SEHH[H P':R -’m @ @ m % . mfﬁflj ﬁ gj @ @

Warking Direckory 1 Disk-DAFPSchoal-201 11 Exerrises-FullProf-amplimodes PCR-files CaTios! Code File:  |bes_modified_cti Type: PCR Dake: [17/05/2011

B[=E

—=========—=—=——======xx _YCLE: 1

|

=> Control file *.pcr: bes modified oti

=> Pattern: 1 bes modified otid

=> Ordering reflections contributing to each point for pattern: 1
=» Calculation of ¥i for all peoints + WNormal Matrix & Vector...

=» Calculation for pattern: 1

=»> MWormal end, final calculaticons and writing. .. CGICUIGTIO” done for‘ The
| distorted structure with the
== CPU Time: 0.375 =econds . .
- 0.006 minutes amplitudes given above and
=> END Date:17/05/2011 Time => 08:28:21.692 using the real cell pamme‘rers

Zrre Lo 1 oz modified oti

Zoooo
12000 —
leoo0o —
14000 —
12000 —
looo0o —
So000 —
SO0 —
4000 —
2000 —

—2Z2000 —
—4000 —

10 20 30 40 [=Ya] [=fa] 7o =Ra] S0
2Theta




F@ll Ysing FullProf Studio for visualising the displacements
wrs  of atoms for .individual Irreducible Reppesentations

. FullProf Suite ToolBar |_||E|[E|
File Programs Settings FP Dimensions Run a Scripk Help

‘ Elﬁg; er Gilkd (1) [ 8 5O B 0 B e X 29 @

Warking Direckory 1 Disk-DAFPSchoal-201 11 Exerrises-FullProf-amplimodes PCR-filesyCaTios! Code File:  |bes_modified_cti Type: PCR Dake: [17/05/2011

r‘{ tl:4* ];{r'ep X5+ Ir‘r‘epoh-' ob-’o-’ .
o , . > = .°;/9 .°o




F@ll Ysing FullProf Studio for visualising the displacements
wnoe  of atoms for .individual Irreducible Répresentations

ﬂﬁ FullProf Suite ToolBar, |_||E|[Z|

File Programs Settings FP Dimensions Run a Script Help

L E . SEHH[H PCR @ @ %.Enfrﬁ%ﬁ @ @

Warking Direckory 1 Disk-DAFPSchoal-201 11 Exerrises-FullProf-amplimodes PCR-filesyCaTios! Code File:  |bes_modified_cti Type: PCR Dake: [17/05/2011

/N O

R4"Irrep X5 Irrepd

Ca
Ti



’.ll WinPLOTR-2006 Version: 0.50 E}@@

Fgg&%’g Eil=  Plot Profiles ©ptions X space  Calculations  Ext. Applications  Tools  Help
= Per IEI‘::Ir" %ulg‘r:'l @;l %E:-;—? FP Prr EEE IF cve SEQ E.!.'f_ A ,{;’ ﬁ RESET | K

and
On Format of the data file . Ioad
in 1' Format of data file:
¥ Free Famat [Inst. 0] €7 0Id: DA (Inst. 1) " G545 [TOF)
CI iC " D1B. D20 [Insk " DMC, HRFT P51 [Inst.8) I PANALYTICAL
7 MLS [Inst. 4) " SOCABIM [Inst. 9) " %ariable Time [Inst. 11)
we |
" G41, MewD1B, D20 (Inst. 5) £ ¥YSIGMA (Inst. 10] " 1515 [Inst. 14] L :
CaT 0" DZB. 372, G42 [Inst. B) 7 GS5AS [CW) Cancel

\Warking Direckary

17/05/2011

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.



V7 / & Preparing a PCR file for Trea‘rlng real data:
R :Background selei

WinPLOTR-2006 Version: 0.50
File Plot Profiles Options ¥ space WeE[ENEWsp=M Ext. Applications Tools Help

= H & Fr 2l i Pl FP Per 3t T &% Sea | Bif L\

apply EFF. Carr,
Smookhing r

O
8000 - Prafile Fitking »

Peak detection 3

S000

S000

4000

J000

Intensiity {arb. rrnis)

Z000D S

1000

10 e 1) 30 40 S0 &0 7o a0 a0 100 110 120 130

2theta

= = =t § O G Q




/[ §
NEUTRONS
FOR SCIENCE

Preparing a PCR file for Trea‘tmg real data:
..Background:selee:

WinPLOTR-2006 Yersion: 0.50

File Plot Profiles Options =l Bl fu gk Exck, pplications  Toals  Help
E % I:r ; %p.;? FF 3’[; I:I:IF:I -:F'.'F-: SEQL Eu!n?_ “']i L
O
8000 4 Profile fitting 3
Peak, detection L

" 7000 7 v Background
E Disabled
- €000 |
z. Auto detection
.E 5000 Clear all
E' Insert poink
S aleial g Delete point
IE'I Save background
- F000 -
=a
2

2000 -
-

1000 -

o
1 I 1 1 I I 1 1 1 I 1 1 1
10 20 30 40 50 &0 O 80 30 100 110 120 130
2theia
= = = o= P A L




V- / Preparing a PCR file for Trea‘tmg real data:
..Background:sele

WinPLOTR-2006 ¥Yersion: 0.50

Filz  Plok Qpkions otz N =l fu gt Ect, @pplications

d = P Bl PP P S U SR Gem | B A

NEUTRONS
FOR SCIENCE

Prafiles Tools  Help

1100
1000 - &
Prafile fitking » l

S00 - Peak, dekection r I Ii )
_\ E
g 8OO - .
= Disabled
":" 700

i Autn detection

-E Selelg Clear all
3 - Insert point
S Delete point
b 400 - -
S Save background
[
= 200 -
g
-~ 200 -
-

100 -

[

10 20 30 40 50 (=1 ] TO a0 k=10 ] 100 110 120 130
2theta

R YR Q




A8l Modifying the file generated by AMPLIMODES to
RRLAG =i .#reat realdatd

Once the background points have been saved in a file, we adapt the
file bcs modified cti.pcr 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: bcs modified cti
!Job 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 0 0 0 0 0 0 0 0 0 0 1
!
!Tpr Ppl Ioc Mat Pcr Lsl Ls2 Ls3 NLI Prf Ins Rpa Sym Hkl Fou Sho Ana
0 0 1 0 1 0 4 0 0 3 0 0 0 0 0 0 0
!
! lambdal Lambda2 Ratio Bkpos wdt Cthm muR  AsyLim Rpolarz ->Patti#l

1.24900 1.24900 0.00000 50.000 10.0000 0.0000 0.0000 170.00 0.0000
!

INCY Eps R at R an R pr R gl 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



S8l Modifying the file generated by AMPLIMODES to

NEUTRONS
FOR SCIENCE

\\\\\

Notice that the polynomial background parameters have been removed because we
have selected the option of linear interpolation between 16 background points

! Excluded regions (LowT HighT) for Pattern# 1

0.00 2.00

170.00 180.00
!

2 'Number 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

T T e T e e e e T T
! Data for PHASE number: 1 ==> Current R Bragg for Pattern# 1: 0.00
R T e e e e T e e e T el
AMPLIMODES for FullProf FIX xyz

INat Dis Ang Prl Pr2 Pr3 Jbt Irf Isy Str Furth ATZ
4 0 0 0.0 0.01.0 6 0 0 0 7 543.913

]

062 <--Space group symbol

'Atom Typ X Y Z Biso Occ

Cal CA 0.00000 0.25000 0.50000 0.50000 0.50000
0.00 0.00 0.00 0.00 0.00

Til TI 0.00000 0.00000 0.00000 0.50000 0.50000
0.00 0.00 0.00 0.00 0.00

Nvk Npr More
0 7 0

In Fin N_t Spc /Codes
0 0 0 1

0 0 0 1



#lll  Modifying the file generated by AMPLIMODES to

NEUTRONS g
FOR SCIENCE —

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 01 2 M3+ 0.000000 0.000000 0.00O0OOO 1.000000
! Amplitudes of Symmetry Modes
A MODES 7 2
Al R4+ 0.800000 .000000
A2 R5+ -0.100000 .000000
A3 R5+ 0.300000 .000000
A4 X5+ 0.700000 .000000
A5 X5+ 0.100000 .000000
A6 M2+ 0.020000 .000000
A7 M3+ 0.100000 .000000
- > Profile Parameters for Pattern # 1
! Scale Shapel Bov Strl Str2 Str3 Strain-Model
1.0000 0.00000 0.00000 0.00000 0.00000 0.00000 0
1.00000 0.000 0.000 0.000 0.000 0.000
! U v W X Y GauSiz LorSiz Size-Model
0.64600 -0.309000 0.142000 0.000000 0.000000 0.000000 0.000000 0
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



A8 Running FullProf to refine the amplitudes of symmetry
modes: First:refine scaleafac

NEUTRONS
FOR SCIENCE

‘and#Zero shift

Once the file caTiO3ref.pcr has been completed, we load

the file in the FPS toolbar by pressing the button:5g and the

selecting the file.

Clicking on the FullProf buttonfifidthe program launches and
executes the refinement only with two parameters: scale

factor and zero shift.

Load EdtPCR Mode JUGN Exdit

load EditPCR Mode Run Exit
=» Pattern: 1 caTio3
=> Ordering reflections contributing to each point for pattern: 1
=» Calculation of ¥i for all points + Normal Matriz & Vector...
=» Caleculatien for pattern: 1
=» Solwing L.S. equati Cn
=» Writing results for cycle 1
=>» R-Facto 36.2 55.5 chiz: 201. DW-8tat.: 0.0299 Patt#: 1
= Expected : 3.91 1.8764
=» Conventional Rietweld R-factorz for Pattern: 1
=» Rp: 92.5 Rwp: 116. Rexp: 8.20 Chi2: 201
=» Global user-weigthed ChiZ (Bragg contrib.): 206.1
=> o > Pattern# 1
=> Phase: 1
=» Bragyg R-factor: 81.78
= RE-factor 38.33
Cyele: 1 CaTi03.dat
0o
g000
00000
falals]
00000
agoo
00000
zooo
uuuuu
o [ [N BRI T VR TE VI DTN TR TR T Ty SO e iy
-1000
00000 e e Ay A PV e P
10 20 30 a0 50 &0 70 80 50
2Theta

=» Conventional Rietweld R-factors for Pattern: 1
=» Ep: 53.6 Rwp: G55.5 Reup: 8.20 ChiZ:
=> Global user-weigthed ChiZ2 (Bragg contrib.): 46,98
=p —mmmmm——- » Pattern# 1
=» Phase: 1
=> Bragg R-factor: 47.66
=» RE-factor 32.77
=» Normal end, final calculationg and writing
= CPU Time: 0.703 secon ds
= 0.012 minutes
=» END Date:19/05/2011 Time => 00:48:46.0893
Cycle: 1 CaTio3 .dat

DDDDD
00000

00000
DDDDD

00000

DDDDDD

2 [ PR [ (VO AR T NRRRTRY R (TR U NIRRT L
1o Zo 20 40 Eo [=1a] 70 20

222222




@@ Running FullProf to refine the amplitudes of symmefr'y

FOR SCENC 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:

@ FullProf Program f'-_l['E|E|
Load EditPCR Mode Fun Exik
=» Convergence reached at this CYCLE llll: CYCLE HMNo. 1 2
=» R-Factors: 6.65 9.0% Chiz: 5.41 DW-5tat.: 0.2307 Patt#: 1
=»> Expected : 3.91 1.8821
=» Conventional Rietveld R-factors for Pattern: 1
=» Rp: 17.0 Rwp: 1%2.0 Rexp: .18 ChiZ: 5.41
=> Zlobal user-welgthed ChiZ (Bragg contrib.): 5.548
=F ————————- > Pattern# 1
=»> Phase: 1
= Bragg R-factor: 9.725
= REF-factor : 7.490

=»> Normal end, final calculations and writing...

=x CPUJ Time: 0.859 seconds
= 0.014 minutes =

Care le o 1 ZaTil3 _dst

So000
2000 —
FOoOoOo
S000 —
EO000
4000 —
000 —
2000 —
1000 —
D_
—1000 —
—=2000

ra—

10 =20 =20 =] =] =0 7o =20 =0
ZThets=




Sl  Inspecting the results of FullProf refinement with
SRS <t .WHNPLOTR=20086F 30

Clicking of the WinPLOTR-2006 button [#i], the program launches and
display the observed versus calculated pa’r’rern as well as the
difference curve and Bragg peaks tick markers. Zooming, one can see
the major discrepancy: a Lorentzian component is lacking ...

WinPLOTR-2006 Version: 0.50
Eile Plok  Profiles Options % space  Calculations  Exk, Applications  Tools  Help

=H & o M| Per B2 % B 1 FP Por S " 5% Sea | B A x

CaTiOoO3 Symmetry Modes

FO00 —

Z500 —

Z000 —

1500

Inrtensity (arl>. 1nits)
-
2
Q
0
I

2thera

= e = o= B b4 A G Q

single




/[ §
NEUTRONS
FOR SCIENCE

Modifying the PCR file to_perfog:

a-full refinement

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 picture:

E FullProf Program

Load Edit PCR. Mode Run  Exit

=» R-Factors:
=» Expected :
=> Rp: 7.91
=
=» Phase:

=> Bragg
=

=>
=

=» Convergence reached at this CYCLE

3.34

Rwip: g.
> Pattern#
1
R-factor:

RF-factor
=» Normal end, final calculations and writing...

CPU Time:

4.31 ChiZ:

3.8%9

1.23

=» Conventional Rietwveld R-factors for Pattern:

61 Rexp: 7.76

=» (3lobal user-weigthed ChiZ (Bragg contrib.):

1

3.098
1.%220

3.062 =econds
0.051 minutes

Corele o

CYCLE No.

3

DW-5tat. :

e

1

1.256

1

0.8079
L9044

Patt#: 1

chiz: 1.23

CaTiO3 . dat

Sooo0
sS000 —+
Fooo—
S000
Eooo —H
4000 —
2000+
Zooo —
1000+
o —
—1000 —

o

Ty s

—20oo0

ERal

20

20 40 50 [=qa]

7o

20

i=al
Z2Thaeta



#@ll Inspecting the results (files *.out, *.sum) an visualising
seec  the symmetry: modes (*:fst) with:FullPFof. Studio
After refinement, FullProf produces a series of files containing all it is

needed to 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 SYMMETRY MODES FOR PHASE: 1
=== Preceded by the structures corresponding to single modes ===

=> Structure corresponding to the single Irreducible representation:R4+

X Y Z dx dy dz Dist (Aa)

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 O1 o 0.25000 0.00000 0.25000 0.00000 -0.03628 0.00000 0.27731

Atom O1_2 o 0.00000 0.25000 0.00000 0.00000 0.00000 0.07255 0.39029
=> Global Amplitude of Representation R4+ : 1.110(3)

=> Structure corresponding to the single Irreducible representation:R5+

X Y Z dx dy dz 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 O1 0 0.25000 0.00000 0.25000 0.00000 -0.00101 0.00000 0.00773

Atom O1_2 0 0.00000 0.25000 0.00000 0.00000 0.00000 -0.00202 0.01088
=> Global Amplitude of Representation R5+ : 0.072(7)

=> Final Complete Structure with contribution of all modes

X Y Z Biso Occ dx dy dz Dist (A)
Atom Cal CA -0.0356(4) 0.25000 0.5060(7) 0.46(2) 0.50000 -0.03564 0.00000 0.00598 0.19655
Atom Til TI 0.00000 0.00000 0.00000 0.17(3) 0.50000 0.00000 0.00000 0.00000 0.00000
Atom O1 (0] 0.2891(2) -0.03729(19) 0.2102(2) 0.337(17) 1.00000 0.03906 -0.03729 -0.03976 0.41490
Atom O1_2 (0] 0.0160(3) 0.25000 0.0705(4) 0.24(2) 0.50000 0.01598 0.00000 0.07053 0.38926



#@ll Inspecting the results (files *.out, *.sum) an visualising
sxec  the symmetry: modes (*:fst) wifheFullPPof. 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 O 0 2.2
poly Til color 0 0 1 0.5 edges radius 1.5




#@8ll Preparing a PCR file extracting integrated intensity

NEUTRONS .

R e

sweaclusters to be used.in=Simulated-AfiRealing®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



#@ll Preparing a PCR file extracting integrated intensity
seacclusters to be used.in=Simulated -AiRealingPOptimisation

For creating a file with for a LBF the easiest way is to start with a
copy of the already available PCR files. For instance we can copy the
file bcs modified cti.pcr into 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:

!Job 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 1 0 0 1 0 0 0 0 0 0 0 0
!
!Tpr Ppl TIoc 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 0

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

0 0 0 0.00.01.0 2 0 0 0 0 0.000 0 7 1
]

!Jvi Jdi Hel Sol Mom Ter Brind RMua RMub RMuc Jtyp Nsp Ref Ph Shift
11 0 0 0 0 0O 1.0000 0.0000 0.0000 0O.00O0O 1 0 0



#lll First cycle of a Le Bail Fit to the neutron powder
axee  diffraction datason CaTiOgusifigr GaliSsian- peaks

Putting Aut=0 and number of refined parameters equal o 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.

E FullProf Program E| E| E|

Load Edit PCR Mode Run Exit

=» Conventional Rietveld RE-factorz for Pattern: 1 A
=> Ep: 14.5 Rwip: 18.9 Rexp: .20 chiZ: 5.33

=» zlobal user-welgthed ChiZ (Bragg contrib.): 5.4A4

=F —m———— e > Pattern# 1

=» Phase: 1

== Bragg R-factor: 0.773%8

=x RF-factor : 0.4308
=» Normal end, final calculaticons and writing. ..
=> CPU Time: 3.109 =zeconds
=> 0.052 minutes
=> EMND Date:17/05/2011 Time => 13:37:40.325

b

o le 10 CaTio3 _dat

=ajapal
2000 —
7oo0 —
co000 —
Eo000 —
2000 —
2000 —
=000 —
1000 —
D_
—1l000—
—=20oo0 |

10 20 =0 40 Ea [=1a] TFa S0 =R ] la0 110 1z0 1z=0
Z2Theta




/[ 4 Le Bail Fit on CaTiO; data after convergence.
RSB UVWY and-cellsparameters-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 convergence, FullProf gives the result below.

@ FullProf Program

EEX

Load Edit PCR Mode Run Exit

=» Conventional Rietweld R-factorsz for Pattern: 1 e
=» Rp: 7.07 Rwp: 7.75 Rexp: g.19 CchiZ: 0.896

=» lobal user-weigthed ChiZ (Bragg contrib.): 0.9137

=F ————————— » Pattern# 1

=» Phasze: 1

== Bragg R-factor: 0.2383

=x RF-factor 0.1443

=» Normal end, final calculations and writing...

=> CEI Time: 4,594 zeconds

=» END Date:17/05/2011 Time => 14:30:1Z2.447

0.077 minutes

S e - 10 CaTil3 _dat

=20 40 =g =0 70O 20 =] lo0 110 1z=z0 1z0
ZTheta




#@ll Preparing a simulated annealing PCR file for working
Sie  with integrated-intensity-elus¥éfs ofiGaTiO; (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
sxec  with integrated-intensity elusters ofiCaTiO; (2)

Tick the "Simulated Annealing Optimisation
(Integrated Intensities)" item and then click
on the.'S.A. Options" button.

" Editor of PCR Files - S

File Editor Tools Templates Help Exit

Irv] an G ll | !
i = 2 Wl 255 4| @
Information General Informaiion
Title, type of job: Rietveld, Integrated Intensities,
! ! : y 4 i N T Simulated Annealing, ...
5 Fu"PrOf ! Type of Pattems, profile, background, diffraction AMPLIMODES for FulProf
J : P C R #!\ geometry, user-given scattering factors ...
| J’ Phase name, type of calculations (JBT), ATZ, Calculations
)‘ ‘ conirbulion (0 paiems, guneuy. . % Refinement/Calculation of a Powder Diffraction Prafile

Editor {1

gam ;fq (;y;:}l‘e:;el:ig:aol'i:sn af?gg;,ﬁgcess to Refinement \ (" Refinement an Single Crystal Data / Integrated Intensity D ata
%:;anzts definitions, adding, deleting, Constraints N{‘ Sirmulated Annealing Optimization [Integrated Intensities] Cancel
m’g&‘aﬁ;ﬁmmgﬁ:ﬁe&ams' Box/Restraints [~ Optimize calculations according to the particular options used in this Job

Copyright (c) 2002-2005. JGP - JRC

D:\FPSchool-2010\Tutorials\Y203\excercises\y203_san Profiles: 1 Phases: 1 28/4/2010 |10:45:56




#@ll Preparing a simulated annealing PCR file for working
Sie  with integrated-intensity-elustéfs ofiBaTiO; (3)

The following dialog opens and the user has to fill the
appropriate boxes. The shown values are OK for CaTiO; case.

Simulated Annealing Options

Fal il (141 M | C or ana Algornithin uging the whale interval az initial step [Adaptative Steps] ﬂ

General Conditions far Simulated Annealing CI i C k i ng O n

Initial Configuration; |F|an-:||:|m configuration ﬂ O KS r.e-'- u r. ns
Starting Temperature: | 90000 Murber of select best solutions [lower B-factar]: 1 E 1_
| o the

Cooling rate: 0,901 Murnber of reflections o be uzed in the cument | 142 E
Max. rumber of tested Temperatures: an E Lowest admizsible average step for convergence: | 0oin 9 e n e r'a '

Mumber of Montecarlo cycles per Temperature: .
[>10-20 times the number of free parameters) 70 E l n.r e rf Cl C e o

Number of Montecarlo cycles excluded from Seed for Fandam number Generatar [Optional); 0
average calculations: 0 E [Op ] E

[v Scale factor calculated automatically

[ Allow interchange of atams in 5.4, Algorithm each E Martecarla cycles

b agnetic Structures

[U=zeful anly when baziz functions of lreducible reprezentations are uzed)

Mumber of coefficients to be switched between
0[] -

real or pure imaginary: Cosflicient #1 L]
oethcient

Coefficient #2 | +» Cancel




Sl Preparing a simulated annealing PCR file for working
with integrated-intensity-elus¥érs 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 the original and then reopen (clicking on
"Yes" button) the changed file into EAPCR. Save again to provoke EdPCR to
generate automatic changes and reopen again the internal editor to continue.

NEUTRONS
FOR SCIENCE

File Edit Search

DEd&E&Q

& «

External EdPCR Text Editor - [C:\Disk-D\FPSchool-2011\Exercises-FullProf-Amplimodes\PCR-files\CaTi... [= |[B][X]

__Put Job=1 and

tJob Mpr Nph

LS} a 1
]

H
862

tatom  Typ
cat CA
Ti1 I
01 ]
012 0

U_HMODES 12
L]

Mm  Adm

<

IUne:2D Cal:33

* Files =» DAT-file: ,

Hba

[:} 2

[§] 1

tHumber of refined parameters

AMPLIMODES for FullProf
]

b
8.0000808

a.8a8
6.00008

uuuuu

* Data for PHASE number:

COMH AMPLIMODES for FullProf

PCR-filg. Ls

8 1

L [§]

*Hat Dis Ang Pr1 Pr2 Pr3 Jbt Irf
L a B 8.8 8.8 1.8 6 4

*HCY Eps R_at R_an R_pr R_qgl

FER-D\FPSchool-2811\Exercises-FullProf-AmplimodesyPC
Dum Iwg Ilo Ias Res Ste Hre Cry Uni Cor Opt Aut

*Ipr Ppl Ioc Mat Pcr Ls1 Ls2 Ls3 HLI Prf Ins Rpa 3ym Hkl Fou Sho Ana

a8 8 8 8 8 8 3 a o
LS} 3 LS} [§] LS} [§] LS} [§] LS}
Thmin Step Thmax
1.008808 a.p50080 170.04

1 98.18 1.88 1.88 1.688 1.80

FIX

1 ==> Current R_Br

XYz

Str
:]

Furth
7

{--Space group symbol
¥ Z i

8.250088
8.08
G.80808

8.250080
8.08

INS

8.5

Biso

a.88
8.50060

ATZ
543.913

* Polarisation Uectors of Symmetry Modes for each atom

Huk Hpr Hore

¥

H

nnnnn

for Pattern#t 1:

t
LS}
3]
a
5]

i} 1

D SentA
.a88 8. 080

Spc /fCodes

Irf=4 and
save the file
giving it the
name

cti san.pcr

L~

2 The PiCR File was modified by external program
x-"\r/ Re-load PCR File?

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




AUl Preparing a simulated annealing PCR file for working
sxee  with integrated-intensity:elus¥ers ofi@aTiO, (5)

E-D-'; External EdPCR Text Editor, - [C:\Disk-DAFPSchool-201 1\Exercises-FullProf-Amplimodes\PCR-fil... |'= . | . .
BB \Within EdPCR,

File Edit Search
NEEEQ accessing the menu :
5 01 X5+ 8.000080 ©0.800800 0.008008  1.008000 ~ i
5 012 X5+ -9.092442 0.000800 0.008008  1.008000 Editor — lnpUt
6 01 M2+ -9.046221 0.000800 -0.046221  1.0008000 :
6 012 M2+ 6.080080 0.800860 0.008008  1.008000 Control File (-PCR)
7 0 M3+ 8.046221 0.800800 -0.046221  1.0080008 : :
7 012 H3s 9.000080 ©0.900800 0.008008  1.008000 Edit the file and
ﬁ_nnuigéétudeg of ngmetry Modes ’ dele.‘.e Super‘fIUOUS
e BRI items. In particular
A3 RS+ 8.3680000 31.068008
il X5+ 8.700000 41.8000800 PUT to zero all Extl
76 Ho« 2.020000  61.000000 items, that were
J— Ting;ale, Extincting-;ggnngell leéﬂgi‘?zfg for P impor'Ted fr'om
Scale Fact .
vooser o e Sc3 Sch Scé previous U,V,W
2.0008 8.0800 8.600 8.0 8.000 8.000
0.00 0.00 0.00 0.00 6.00 0.00 par'ameTer's.
* Extinction Parameters
t Ext1 Ext2 Ext3 Exth Ext5 Exté Ext?7  Ext-Hodel
B-ﬁﬁﬂn.un_ﬂ-wmn.nu ﬂ-gwﬁfj:gzj u-mmn.nn u.annugtg; u-ﬂﬂﬂa.un u-ﬂﬂﬂn.nn ’ Notice that the
' 5_us1000 ?.ﬁﬂSﬂnn 5380000 uan%gg;nnn gg‘?tuannnnn 20000000 ggsil—lnr.'jg 1.15 GmPIiTUdes have now
6.68068 ©6.00608 0.00600 0.96068  ©6.060060  ©.80080 :
t x-Lanbdas2 + Hot yet used parameters reflnemenT COdCS. Ther‘e
L T are 7 free parameters
H I_ﬂir‘;‘im Flr‘::n;aﬂi’:1 HEEEQE HumTemEE NumTh[:yE Initl:un:; and ohe hGS to in‘hﬂoduce
* NCyclM  Nsolu Num Ref Nscalef NAlgor the box conditions for
78 5 142 1 8 v . . .
< >, | variations of amplitudes.
Line:1 Colil NS




#@ll Preparing a simulated annealing PCR file for working
Sie  with integrated-intensity-elus¥éfs ofiBaTiO; (6)

28 External EdPCR Text Editor - [C:ADisk-DVFPSchool-2011\Exercises-FullProf-Ampli... (= 151](5X] [\ YeTe [N VAN 1 dVARY/¢ LTI Ne} R NES

Fle Bt search on top of the file to the
hzdsq value 7 (Nxe=7), not
A5 X5+ 8.100000 51.000088 ~ ) )
A6_H2+ A.A820000 61.0066888 shown in the flgur'e.
A7_M3+ 8.160000 71.000008
- » Scale, Extinction and Cell Parameters for Pattern # 1
: 5;319 Facmrgcz Sc3 Sch Sc5 Scé B Add seven lines, at the
2.000 6.000 8.0600 8.0800 6.000 8.0600 indicated posiTion
8.00 8.00 8.00 8.80 8. /
Extinction P t : :
' Ex:1lnc m"Exi;amE ErSExtE Exty Ext5 Ext7 STGPng with the
8.808 8.008 0.000 0.000 i 0.000 0.808 numbers 1, 2 ... 7 and
8.00 8.80 8.00 8. .68 8.00 | i
H a h c beta ganma #Cel: pUT -1 1 n The same
C.441088 7.645000 5.38000 _0PP000 90.000GEP 90.080000  Htbox .
8.00000 8.00008 a GJS A.000860 4.00800 4.0080800 lines to tell the program
' K_Laﬂl?gggﬁ " s-uto00 " %'?Ea'éﬁfad paraﬂ'?eﬂ;gﬁ 6.008000 that the parameter
, , % 9-69 0-00 0-09 numbered as 1, 2 ... may
2 1 | vary between -1 and 1.
Lo ! We do not allow
6 -1 1 variations of amplitudes
* T ini fAinneal Accept HumTemps HumThCyc InitConf blgger‘ Than one
19.008 6.988 @.@1@ 80 ] a
* NCyclM MNsolu Num_Ref Nscalef HNAlgor angstrom.
— L : : s | Save, re-open the file
Line:73 Col:26 NS and save again as

before.



#@ll Preparing a simulated annealing PCR file for working
with integrated-intensity:elustérs ofiCaTiO, (7)

NEUTRONS
FOR SCIENCE

External EdPCR Text Editor - [C:\Disk-D\FPSchool-2011\Exercises-FullProf-Amplimodes\PCR-files... [= |[B][X]

File Edit Search

DEeEd&EQ o
A_MODES 7 2
A1_Ru+ a.g80000A 11.868600600
A2_RS+ -a.10860000 21.8060000
A3_RS5+ 8.388004 31.86868000
A4 X5+ a.788004 41.86868000
A5_XG+ a.188004 51.868680600
AG_HM2+ 8.8208008 61.800000
A7_M3+ a.1088008 71.800000
e » Scale, Extinction and Cell Parameters for Pattern # 1
Scale Factors
* Sc Sc? Sc3 sch sct sch
2.0008 8.000 8.000 8.008 a.068 a.06a8
a.68 a.68 a.08 B.08 B.88 B.68
* Extinction Parameters
* Extd Ext2 Ext3 Exth Extt Extd Ext? Ext-Hodel
B.068 B.888 6.068 a.068 A.088 B.068 B.868 a
a.68 a.08 B.88 B.68 6.688 a.68 a.88
t a b c alpha beta gamma ficell Info
C.yy18880 7.645008 5. 3B06A0 90.000060 920.0000080 9Q0.000068 #box -0.15 1.1%5
A.0008060 B.00808688 B.008000 f.06088 A.000608 A.0008068
* ®-Lambdas2 + Hot yet used parameters
A.000608 B.00808088 B.0080868 B.008000 B.008000
a.68 a.68 a.08 B.08 B.88
* Limits for selected parameters (+ steps & BoundCond for SA):
1 -1.680668 1.066868 A.00068 A
2 -1.80088 1.0068 A.0088 8
3 -1.80088 1.0068 A.0088 8
4 -1.80088 1.0068 A.0088 8
5 -1.80088 1.0068 A.0088 8
] -1.80088 1.0068 A.0088 8
7 -1.80088 1.0068 A.0088 8

* T ini Anneal
86.080 8.988
* HCyclH Hsolu Hum Ref HMscalef Halgor

ia
£

Line:&0 Col:33

1

Accept HumTemps HumThCyc InitConf

g.a1a

142

8o

1 a

INS

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.



/[ §
NEUTRONS
FOR SCIENCE

Running a simulated annealing job with integrated
intensity- clusters - offCaTiOP = .
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

ﬁ FullProf Program
Load Edit PCR Mode Run Exit

= (Multi Pattern: Windows-version) -~
> START Date:21/05/2011 Time => 12:48:18.343
=» Reading control file *.PCR ...
=»> End of preliminary calculations |
=& **** OQTMULATED ANMNEALING SEARCH FORE STARTING CONFIGURATION ****
» Initial configuration cost: 41.49
=»> Initial configuration =tate wector:
= A1 R4+  AZ RS+ A3 RS+  Ad XG5+ AL ®5+ AR M2+ AT M3+
= 1 2 3 4 5 () 7
= -0.3520 -0.6724 -0.2551 0.2332 -0.2018 0.9520 0.0536
> NT: 1 Temp: 80.00 (%$&Acc):100.00 <Btepk: 2.0000 <RE-factori(F2)> : 53.1634
Function evaluation=: 1s LEF_ctil_ocltrxr_.int
sEo0oo - -
4500
4000 -
2500
B 2000 -
ZEOnO 4
=dalalals » .
1500 -
1000 o - s . . d
E00 — e ® ] L]
o4 e * @ :o . * ,"t et o0 @ ..’ L :.. . :..
— 500 * * * @ . @ - &
—:Ll:ll'jl:l—I . .I ‘. [ R ] L] .. & ﬁ. .'.' ..'
1o _15 .20 .25 =0 .35 _4an .45 .50
sin(Thetal  Lamlkhds




A0  Running a simulated annealing job with integrated
OB intensity- clusters - offCaTiOP = .
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.

@ FullProf Program [ZHE”‘S__q

Load EditPCR Mode Run  Exit

=>BEST CONFIGURATIONS FOUND BY Simulated Annealing FOR PHASE: 1
=» -» Configuration parameters | 142 reflections):

=> Sol#: 1 <E-factor (F2)>: 6,734 ::

=> Al R4+ A2 RS+ A3 RS+ A4 X5+ A5 X5+  AE M2+ AT M3+
= 1 2 3 4 5 ] 7
= 1.0000 0.3313 0.01%95 -0.3448 -0.1710 0.0373 0.%614
= CPU Time: 19,875 seconds

=> 0.331 minutes

=»> END Date:21/05/2011 Time => 12:50:05.546

Function ewa luatiocon=: 2ezZ0= LEBEF_ctil_ocltes_int

sE00on - -
4500 —
4000 —
SE00 —
000 —
ZE0n
Zoono — $ L
1500 —
loomo — i L
E0n0 — [ .

ol R I . .3 o Y00 004 o @, %, o,

—500 — & o *
—l1000 — *

1o .15 .20 .25 .30 .35 -4n a5 =Yal
sini({Thetal  Lamlkhda




# Running a simulated annealing job with integrated
it intensity: clusters of CaTiOP =

This is another run in which we have increased the range of
amplitudes up to 1.3A.

ﬁ FullProf Program |Z”E|El
Load EditPCR Mode Run Exit

.
=>BEST CONFIGSURATICNS FOUND BY Simulated Annealing FOFR PHASE: 1
=» -» Configuration paramsters 142 reflections):
=> Sol#: 1 <R-factori(F2)>: 3.452 ::
= Al R4+  AZ RS+ A3 RS+ A4 X5+ A5 X5+ A6 M2+ AT M3+
== 1 2 3 4 5 A 7
= 1.1231 0.027a -0.0585a -0.36%3 -0.2027 -0.0276 0.8433
= CPEU Time: 20.031 =zeconds
= 0.334 minutes
=>» END Date:21/05/2011 Time => 12:55:40.718
r
Function evaluation=: 2az0= LEF_ctil_ocltrxr_.int
sooo - .
4500
4000 —
2500 -
B 2000 -
2500 -
2000 — * $ ]
1500 —
1000 o . .
E00 — ] - L] »
o e % e . ¢ . o Yoo Wt s ¢ . . ® *e
—s00 - -
—1000 - . I. '. : I... e “'. el .“ " -. . .... ..' w
.10 .15 .20 _ZE =0 a5 _an .45 .50
sin(Thetal  Lamlkhds




#lll  Results of the simulated annealing (SAN) run on
S S s CaTIOS A

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

Least squares refinement Simulated (Integrated
Name Value Annealing 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



S8l Simulated annealing (SAN) using profile intensities on

NEUTRONS
FOR SCIENCE =

SEe = e

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 to put Ipr=-1, as shown below. Remember that we already
prepared the output of the information needed for this option, when

we put Ipr=-1 in the LBF method.

) I DARP pol-20 P - Prof-Amp pdes\PCR-file ali0

=] Fle Edt Actions Options Window Help -8 x
_M@E_J aaaaa 20 (o e e O -
====> A

* * * Top of File * * *

COMM CaTiO3 Simulated Annealing

! Files => DAT-file: LBF ctil cltr, PCR-file: cti_san

'Job Npr Nph Nba Nex Nsc Nor Dum Iwg Ilo Ias Res Ste Nre Cry Uni Cor Opt Aut
1 ¢ 1 0 0 OO O O O O o O O 7 3 0O 0 0 1

'Ipr Ppl Ioc Mat Per st Sho Ana
-1€o—T 0 1 0 0
1
'NCY Eps R at R an R pr R4l Thmin Step Thmax PSD
1 0.10 1.00 1.00 1.00 1.00 1.0000 0.050000 170.0000 ©0.000
!
!
7 'Number of refined parameters
1 o o o e o e e e o e e e e e e
! Data for PHASE number 1 ==> current R Braggq for Pattern# 1 5.33
1 o o o e o e e e o o e e e e e e e e T
AMPLIMODES for FullProf FIX xyz Z
»
|nl] | 2|8 k|| EIS| | o] =]

Line=7 Cal=7 At=0.0:4 Size=8E Filez=1 windawz=1 IM5 R 1336

Copy the file cti san.pcr
into the file

cti_san_ spr.pcr.

Edit the last file and change
to Ipr=-1.

Rename the file
LBS cti.spr into
cti san spr.spr



#lll Simulated annealing (SAN) using profile intensities on
FOR SCENGE = .amCaTiOf- Il v =

Start of the profile intensity SAN job.
We are still using 142 reflections.

ﬁ FullProf Program i E ['5__(|

Load EditPCR Mode Run  Exit

= (Multi Pattern: Windows-version) ~

=» BTART Date:22/05/2011 Time => 13:46:07.359
=> Reading contrel file *.PCR ...
=»> End of preliminary calculationsz |

=k **** JTIMULATED ANNEALING SEARCH FOR STARTING CONEFIGUEATION ****

Initial configuration coszt: ta. 12
Initial configuration state vector:
A1 R4+ AZ RS+ A3 RS+ A4 X5+ A5 XS5+  AG M2+ A7 M3+
1 2 3 4 5 B 7
-0.68454 -0.6086 -0.4897 0.8538 1.2290 0.0450 -0.5371 -
NT: 1 Temp: 80.00 (%Acc): B85.71 <«<Btep>: 2.6000 <Rp-Factor(y)> : 50.8326

R

| £

Functiocn =vwralustion=: a LEBF_o+til_~l1ltr_int

TOO0O0O —H ..

20 25 =20 =25 a0 a5 EQ EE =] (=3 70 75
2Thaeta




#lll Simulated annealing (SAN) using profile intensities on
FOR SCENGE = .amCaTiOf- Il v =

Final picture of the profile intensity SAN job.
We are still using 142 reflections.

@ FullProf Program Z E b__q

load Edit PCR Mode Run Exit

.3
=>BEST CONFISURATICNS FOUND BY Simulated Annealing FOE PHARE: 1
=» —-» Configuration parameters | 142 reflections):
=> Sol#: 1 <Rp-Factor(y)>: 4,380 ::
=> Al R4+  AZ RS+ A3 RS+ A4 X5+ AL X5+ A6 M2+ A7 M3+
= 1 = 3 4 5 & 7
= -1.1054 -0.0694 0.0317 0.3758 0.1a09 o.01z21 0.8493
= CPU Time: 22.469 seconds
== 0.374 minutes
=> EMND Date:Z22/05/2011 Time => 13:49:43.39(0
-
Funcotion =wvaluaticon=: Z2a9z01 LEF_otil_oltr.int
7000 -
000 -
s000 -
4 4000 -
s000 -
zZooo -
l1oo00 -
D —]
—1a0a0o SR
zZa zc =0 a5 ano as s0 =] =al =1 70 TE
2Thets




S8 Simulated annealing (SAN) using profile im‘ensifies on
FOR SCENGE e:CaTiO5 - data™ e il v =
Starting part of ‘rhe profile intensity SAN job using the full
set of reflections.

ﬁ FullProf Program

=»> Initial configuration cost: TE. A2
=»> Initial configuraticn state wvector:
= Al R4+  AZ RS+ A3 RS+ A4 XG5+ A5 X5+ A6 M2+ A7 M3+

= 1 2 3 ! 3 ] 7

= 0.18%8 -0.0174 0.1404 0.69%03 -0.4554 -0.343Z2 0.2810

=» NT: 1 Temp: 80.00 (%Acc): B7.968 <Btep>: 2.6000 <Rp-Factoriy)>» : 73.4473
=> NT: 2 Tewmp: 72.00 (SAcc): 96,73 <8tepr: 2.6000 <Rp-Factor(y)x : 7zZ.8466
= MNT: 3 Tewmp: 64.80 (fAcc): 97.35 <Btepx: 2.6000 <Rp-Factori(y)> : T72Z.9415
=> NT: 4 Temp: 58.32 (%Acc): 98.1le <<EBtep>: Z.6000 <Rp-Factor(yi> : 74.3033
=x NT: 5 Temp: 52.49 (%aAcc): 927.35 <d8tep>: 2.6000 <«Rp-Factoriy)>» : 75.1450
=> NT: 6 Temp: 47.24 ($Acc): 96,15 <Bteprx: Z.6000 <«Rp-Factor(vix : 76,1275
= MNT: T Tewmnp: 42.52 (fAcc): 9B8.37 <Btepx: 2.6000 <Rp-Factoriyl> : 73.2Z831
=> NT: 8 Temp: 38.Z6 (%Acc): 94.90 <<EBtep>: Z.6000 <Rp-Factor(yi> : 72.5488

Functiocon =vraluation=: =2az1 LEF_otil_oltr_int

TOOo0 —H :




S8l Simulated annealing (SAN) using profile intensities on

NEUTRONS
FOR SCIENCE

";(“

st s CaTiOf - data™ e <l
Final picture of the profile intensity SAN job using the full

set of reflections.

ﬁ FullProf Program
Load Edit PCR Mode FRun Exit

S

EEX

=>BEST CONFIGURATIONS FOUND BY Simulated Annealing FOFE PHARE:
=» —-» Configuration parameters | 393 reflections):

=» Sol#: 1 <Rp-Factor (¥)>: 7.505 ::
= Al R4+ AZ RSO+ A3 RO+ Ad X4+ AL HE+ AB ME+ AT M3+
= 1 2 3 4 5 & 7
= 1.1006 0.0555 -0.0421 -0.3735 -0.1721 -0.0036a 0.8535
= CPU Time: 57.941 =zeconds
= 0.9686 minutes
=> END Date:23/05/2011 Time => 11:34:55.Z255
Funcotiocn =vwaluaticon=: 27O LEF_otil_oltxr .int
Fooo -
[Halalals
Nalalaln
N 4000
Zooo
Zooo o
1000
D —
— 1000 ]

100

110

120 1z=20
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We compare below the values of LSQ and different SAN jobs.

Comparison of LSQ and SAN amplitudes for CaTiO,

Least squares refinement Simulated Simulated
Name Value Annealing Annealing
(Integrated (Profile
Intensities) Intensities)

Al R4+ 1.110(3) 1.1231 1.1006
A2 R5+ 0.065(7) 0.0276 0.0555
A3 R5+ -0.031(5) -0.0556 -0.0421
A4 X5+ -0.386(4) -0.3693 -0.3735
A5 X5+ -0.173(3) -0.2027 -0.1721
A6 M2+ 0.008(3) -0.0276 -0.0036

A7 M3+ 0.853(4) 0.8433 0.8535
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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 LaMnO;. 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,

CaTio, LaMnO,
Al R4+ 1.110(3) 1.195(3)
A2 R5+ 0.065(7) 0.084(2)
A3 RS+ -0.031(5) -0.019(3)
A4 X5+ -0.386(4) -0.546(2)
A5 X5+ -0.173(3) -0.141(3)
A6 M2+ 0.008(3) -0.363(3)
A7 M3+ 0.853(4) 0.904(3)

In the following slides we show the running of a LSQ refinement and
a profile intensity SAN run for LaMnO3, as well as a series of
pictures of the crystal structure and symmetry modes.



#ll Exam

NEUTRONS

FOR SCIENCE L a MnG m S \ mm

E FullProf Program

EditPCR Mode Q00N Exit

ple of FullProf running a LS

of

B=ES

units)

Intensity

=> Bragg R-factor: 4.651

=> RF-factor : 3.018

Convergence reached at this CYCLE !!!!: CYCLE No. 15

R-Factors: 4.94 5.79 chiz: 2.11 DW-Stat.: 1.0292 Patt#: 1
Expected : 3.98 1.8768
Conventional Rietveld R-factors for Pattern: 1

Rp: 9.07 Rwp: B8.8% Rexp: 6.1Z2 chiz: 2.11
=» Global user-weigthed ChiZ (Bragg contrib.): 2.150

=3 > Pattern# 1

=> Phase: 1

== Bragg R-factor: 4.651

=> RF-factor : 3.019

Normal end, final calculations and writing...
CPU Time: $.453 seconds
0.158 minutes

END Date:1%/08/2008 Time => 01:44:25.133
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Intensity

Rietveld, Profile Matching & Integrated Intensity
Refinement of X-ray and/or Neutron Data
(Multi Pattern: Windows-version)

START Date:20/0%/2008 Time => 15:37:17.640
Reading control file *_PCR
End of preliminary calculations !

*E &% STMUOLATED ANNEALING SEARCH FOERE STARTING CONFIGURATION **%*

Initial configuration cost: 107.15
Initial configuration state vector:
0l R4+ Q2 R5+ Q3 RS+ Q4 X5+ Q5 X5+ Q6 M2+ Q7 M3+
1 2 3 4 5 6 7
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
NT: 1 Temp: 6.00 (%F2cc): 42.04 <Step>: 4.0000 <«Rp-factor>: B85.4356

Function evaluations: 4951 lamn_san.int

20 30 40 50 a0 70 20
2Theta
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START Date:20/0%/2008 Time => 15:33:20.281
Reading control file *_PCR
End of preliminary calculations !

#&&% STMULATED ANMNEALING SEARCH FOR STARTING CONFIGUERATION *#®**

Initial configuration cost: 107.15
Initial configuration state vector:

Ql R4+ Q2 R5+ Q3 R5+ Q4 X5+ Q5 X5+ Q6 M2+ Q7 M3+
1 2 3 4 5 & 7
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
NT: 1 Temp: 6.00 (%2cc): 42.04 <«<Step>: 4.0000 <«Rp-factor»: 85.4356
NT: 2 Temp: 5.70 (%Acc): 56.12 <«<8tep>: 3.75371 <«Ep-factor>: HB6.7e07
NT: 3 Temp: 5.41 (%hcc): 24.45% <«Step>: 3.828& <«Rp-factor>: 65.8503
NT: 4 Temp: 5.14 (F2cc): 32.04 <<LStep>: 2.280% <«Rp-factor>: 56.3059
Function evaluations: 1561 lamn_san.int
200 ®
200
TO0
&00
S00 +
400
300
200 4 Tof i . b ., N .
100 Sl AT A" j ), @Ml * o ]
-1 Y g ™. s w.~ ] i ®
—100— 4 |
=200 - : . M/\\AM/\/-\A . /‘Pkl/t\/‘f\/
40 50
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*E &% STMUOLATED ANNEALING SEARCH FOERE STARTING CONFIGURATION **%*

Initial configuration cost: 107.15
Initial configuration state vector:

@l R4+ Q2 R5+ Q3 R5+ Q4 X5+ Q5 X5+ Q6 M2+ Q7 M3+

1 2 3 4 5 5] 7

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
NT: 1 Temp: 6.00 (%F2cc): 42.04 <Step>: 4.0000 <«Rp-factor>: B85.4356
NT: 2 Temp: 5.70 (%Acc): 56.12 <«Step>: 3.7371 <«Rp-factork>: £86.7607
NT: 3 Temp: 5.41 (%Acc): 24.45% <EBtep>: 3.B8Z8¢6 <«<Ep—-factor>: ©5.8503
NT: 4 Temp: 5.14 (Fhcc): 32.04 <«<Step>: 2.2805% <«Rp-factor>: 56.305%9
NT: 5 Temp: 4.8% (%F2cc): 31.02 <«LStep>: 1.6271 <«Rp-factork>: 4%.8507
NT: & Temp: 4.64 (%Acc): 47.76 <«Step>: 1.1245 <«Rp-factor>»: 48.1753
NT: 7 Temp: 4.41 (%FAcc): 34.25 <«<Step>: 1.1456 <«Ep-factor>: 33.1074
NT: & Temp: 4.1% (Fhcc): 42.24 <«Step>: 0.805%0 <«Rp-factor>: 35.130%5

Function evaluations: 3521 lamn_san.int

20 30 40 50 a0 70 20
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Initial configuration cost: 107.15
Initial configuration state vector:

=k *%%¥% STMULATED ANNEATING SEARCH FOR STARTING CONFIGURATION wx¥«

Ql R4+ Q2 RS+ Q3 RS+ Q4 HS+ Q5 X5+ Q6 M2+ Q7 M3+

1 2 3 4 5 & 7

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
NT: 1 Temp: 6.00 (Fhcc): 42.04 <«<Step>: 4.0000 <«Rp-factor>: B85.4356
NT: 2 Temp: 5.70 (%2cc): 56.12 <«IStep>: 3.7571 <«Rp-factor>: B86.7607
NT: 3 Temp: 5.41 (%2cc): 24.45% <«Step>: 3.828¢ <«Rp-factor>»: 65.8%03
NT: 4 Temp: 5.14 (%Acc): 3Z2.04 <Btep>: 2Z2.2B80% <«Ep—-factor>: 56.305%
NT: 5 Temp: 4.8% (Fhcc): 31.02 <«<Step>: 1.6271 <«Rp-factor>: 45.8507
NT: & Temp: 4.64 (Fhcc): 47.76 <«Step>: 1.1245 <«Rp-factor>: 4B8.1753
NT: 7 Temp: 4.41 (%2cc): 34.25% <«Step>: 1.145¢ <«Rp-factor>»: 33.1074
NT: 8 Temp: 4.1% (%Rcc) 42 .24 <Step>: 0.805%0 <«Rp-factor>: 35.130%9
NT: &5 Temp: 3.9%8 (Fhcc) 42.04 <«<Step>: 0.7418 <«Rp-factor>: Z28.3311

Function evaluations: 4411 lamn_san.int
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Initial configuration cost: 107.15
Initial configuration state vector:

gl R4+ Q2 R5+ Q3 R5+ Q4 X5+ Q5 X5+ Q6 M2+ Q7 M3+
1 2 3 4 5 (5] 7
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
NT: 1 Temp: ©.00 (%Acc): 42.04 <Step>: 4.0000 <«<Rp-factor>: B85.4356
NT: 2 Temp: 5.70 (Fhcc): 56.12 <«Step>: 3.7371 <«Rp-factor>: B86.7607
NT: 3 Temp: 5.41 (%2cc): 24.45% <«Step>: 3.828¢ <«Rp-factor>: 65.8503
NT: 4 Temp: 5.14 (%Acc): 32.04 <«<Step>: 2.280% <«Rp-factor>: 56.3059
NT: 5 Temp: 4.8% (%Acc): 31.02 <«<Step>: 1.6271 <«Ep-factor>: 45.8507
NT: & Temp: 4.64 (Fhcc): 47.76 <«Step>: 1.1245 <«Rp-factor>: 4B8.1753
NT: 7 Temp: 4.41 (%2cc): 34.25 <Step>: 1.1456 <«Rp-factor>: 33.1074
NT: &8 Temp: 4.1% (%2cc): 42.24 <«Step>: 0.80%0 <«Rp-factor>»: 35.1309%9
NT: S Temp: 3.58 (%Rcc): 42.04 <Step>: 0.7418 <«REp—-factor>: ZB8.3311
NT: 10 Temp: 3.78 (Fhcc): 45.35 <«Step>: 0.65%86 <«Rp-factor>: 3B8.8114
Function ewvaluations 4501 lamn_san.int
S00 S
200
TO0
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S00 +
400
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a -
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20

2Theta

[

€]




f /
'l E FullProf Program

10X

unitsn

{arhb.

Intensity

NT:
NT:
NT:
NT:
NT:
NT:
NT:
NT:
NT:
NT:
NT:
NT:
NT:
NT:
NT:
NT:

Temp:

&
7 Temp:
g

Temp:

S Temp:
10 Temp:
11 Temp:
12 Temp:
13 Temp:
14 Temp:
15 Temp:
16 Temp:
17 Temp:
18 Temp:
1% Temp:
20 Temp:
21 Temp:
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.64
.41
.19
.98
.78
.59
.41
.24
.08
.53
.78
.64
.51
.38
.26
.15

47.
.29
.24
42,
49,
43.
.24
=0.
57.
33.
-4 .
.24
41.
0.
40.
40.

34
4z

42

42

76

04
39
88

41
14
67
o8

22
oo
6l
oo

Function evaluations:

<EBtep>:
<Step>:
<Step>:
<Etep>:
<EBtep>:
<Step>:
<Step>:
<Etep>:
<EBtep>:
<Step>:
<Step>:
<Etep>:
<EBtep>:
<Step>:
<Step>:
<Etep>:

i s s s s s s s e s s s e B T

10251

L1245
.145¢6
.B8050
. 7418
. 6986
. 6925
. 6375
. 2964
. 2964
. 6340
L4866
L2231
L4843
L4271
L4271
. 3790

<Rp—-factor>:
<Rp—-factor>:
<REp—-factor>:
<REp-factor>:
<Rp—-factor>:
<Rp—-factor>:
<REp—-factor>:
<REp-factor>:
<Rp—-factor>:
<Rp—-factor>:
<REp—-factor>:
<REp-factor>:
<Rp—-factor>:
<Rp—-factor>:
<REp—-factor>:
<REp-factor>:

48.
33.
35.
.3311
38.
35.
30.
34,
43.
20.
Z8.
Z5.
20.
20.
19.
17.

28

1753
1074
1309

8114
3227
2381
7674
1870
1178
4385
&775
3788
7542
0854
4597
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o (=1[E9

CREN => NT: 81 Temp: 0.10 (%hcc): 45.92 <«LStep>: 0.0423 <«Rp-factor>: 5.7588
=> NT: 82 Temp: 0.0% (%FAcc): 45.3% <«Step>: 0.0400 <«Rp-factork»: 5S5.7702
=>BEST CONFIGURATIONS FOUND BY Simulated Annealing FOR PHASE: 1
=» —->» Configuration parameters | 200 reflections):
=> Sol#: 1 RFZ= 5.445
=> @l R4+ Q2 RS+ Q3 R5+ Q4 X5+ Q5 X5+ Q6 MZ+ Q7 M3+
== 1 2 3 4 5 (5] 7
== 1.2033 0.0830 -0.01e7 0.5830 0.1370 0.3626 0.%074
= CPU Time: 41.578 seconds
=> 0.6%3 minutes
=>»> END Date:20/09/2008 Time => 15:30:28.10S

Function evaluations: 40181 lamn_san.int
~ 200
v 00
= 700
) €00
= 500
Z 400
- 200
b 200 -
c 100
: 0-
— —100

—200—5#MTi__HﬂEfVH#ﬂfb#?_ﬂdﬁh—f_4LﬁuufthﬂFV%fh_*Mh__thf

20 30 40 50 &0 70 20
2Theta
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Mode 1, Q1_R4+ = -1.18968 Mode 3, Q3_R5+ = 0.018171
Ol R4+ (0.0, 0.0, 0.031721) Ol R5+ (0.0, 0.0,-0.031721)

02 R4+ (0.063442, 0.0, 0.0) 02 R5+ (0.063442, 0.0, 0.0)



Mode 5, Q5_X5+ = -0.139910 Mode 4, Q4_X5+ = -0.546082
02 X5+ (0.0,-0.089721, 0.0) La X5+ (0.0, -0.089721, 0.0)
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Mode 7, Q7_M3+ = 0.901264 Mode 6, Q6_M2+ = 0.355652
O1 M3+ (-0.04486, -0.04486, 0.0) O1 M2+ (0.04486, -0.04486, 0.0)
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Pictures (seen along [010]) of the crystal structures of LaMnO; (left panel) and CaTiO;
(right panel) showing the stronger distortion of MnO, octahedra in comparison with TiOg
octahedra due to the Jahn-Teller effect that is active in LaMnO;. The antiferro-distorsive
orbital ordering is clearly seen as an elongation of the occupied d,,-like orbital. This
corresponds to a Mn-O distance that is much longer than the others (d,=1.904(1),
d,=1.969(2), d=2.182(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.



