A SOFTWARE PACKAGE FOR POWDER X-RAY DIFFRACTION ANALYSIS

User quide Updates New features
Version 2004.04.82 Version 2010.01.10

Qualitative, quantitative and microtexture

w» TEITEUEIYERDN ——
" i - —
~ wys ~— e o= v mad ————p— | ""',,_ B e

Irdisen -t (i —— - ——

I r— T
’— — D - - - 00 'u=-.- -w'
LT r—

Vi | o ——— -

Lo e b —— LSy 126 Fah)

The program uses PDF2 , AMSCD or customized databases

J. D. Martin (2008)

http://www.xpowder.com/
email: support@xpowder.com



http://www.xpowder.com/
mailto:support@xpowder.com

General index



A SOFTWARE PACKAGE FOR POWDER X-RAY DIFFRACTION ANALYSIS

User guide
Version 2004.04.82

Qualitative, quantitative and microtexture



This manual is available in www.xpowder.com/ User guide
and can be freely copied and distributed

First published 2004
Version 2004.82
All rights reserved

J. Daniel Martin
http://www.xpowder.com
e mail: support@xpowder.com

Lgl. Dp. GR 1001/04

ISBN: 84-609-1497-6 (ver 2004.01 CDROM)
Register number: 4071204

™


http://www.xpowder.com/
http://www.xpowder.com/
mailto:jdmartin@ugr.es

Index

Introduction
Recognition of data formats.
What can you do XPowder?
XPowder Installation
Database installation
PDF2.dat
Difdata.txt
My database
Chapter 1 . The main screen
How do you open a file?
Main co mmands
Chapter 2. Advanced Searching Options
Matching criteria
Chapter 3 . P attern filtering
1.Zero 2 qoffset angle correction
Correction with internal standard
Correction with harmonics
2. Elimination of noise.
3. Background subtraction.
4. K a, stripping
5. Changing 2 cptep
6. Merging diffractograms
Chapter 4 . Subfiles and chemical restrictions
Chenical restrictions:
Boolean conditions
Example
Chapter 5 . Sea rching and matching
' Matching ' commands
Launching 6My Dat abase. Myd?bd

Chapter 6 . Quantitative analysis by RIR (Reference Intens ity Ratios) methods
Description of the RIR tool

Auxiliary buttons
Chapter 7 . Quantitative analysis using experimental standards
Edit/Create group
Select group
The agreement factor
Chapter 8 . Pattern stacking

3D Screen
2D Screen
Chapter9 . Unit - cell refinement
Example: The determination of the ratio Ca/Mg in Mg carbonates by PXRD
Chapter 10 . Profile Analysis
Absolute and relative values o f the integrated intensity

Line broad ening

The distribution function

Profile analysis methods based on width and shape of the diffraction profiles

1. ScherrerM  ethod
2. Wi lliamson - Hall Method

Warren - Averbach  method

General proc  edurein W - A analysis

Log- normal distribution

How does XPowder do this?

Selecting profil es

Definable param  eters and computation

Warren - Averba ch Quick Start User Guide
Chapter 11 . Caglioti equation calculation
Chapter 12 . Additional files

XPowder.ini

Std.txt

Favorites.txt

SolSol.txt

Default.cnf
Chapter 13 . Data collection from the diffractometer

Setting the experimental conditions

Setting the 2 qangle zero mark
Recording st  rategy
Updates

New features version 2010.01.10



ftp://geo.arizona.edu/pub/xtal/




Introduction

XPowder is a widely used program (Figures 1 and 2) that was created for the operating system
Windows ™, to facilitate the analysis of Powder X-ray diffraction patterns.
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Figure 1. Number of downloads of the program XPowder from www.xpowder.com between

January

and September 2008
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Figure 2. Geographic distribution in % of downloads of the program XPowder in the first half of
October 2008, which corresponds to the start of the academic year 2008-2009.
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This program recognizes files from most diffractometers, and handles a number of simple ASCII
formats that can easily be generated for import. XPowder also lets you acquire data directly
from some older diffractometers who did not have proper digital control for Windows operating
system. Automatic sample-changer and monitoring of temperatures, are also handled by
XPowder.

Files may contain data in the form of a list of intensities (counts, cps, absolute or relative
intensities, etc.) from an initial angle 2q, and constant D 2°tep in a txt formats.

XPowder can also read 2D images (jpg, tiff, bmp, mccd, etc) obtained by instruments with CCD
detectors and directly calculate their powder diffractograms.

Recoqgnition of data formats.

* RAW Binary. Siemens i Bruker diffractometers (1 to 4 versions)
* X 6 P e r Html Philips diffractometers

*RD Binary. Philips diffractometers

* UDF ASCII. Philips diffractometers

*CCD All type of file images: jpg, bmp, etc. TERRA Diffractometers have a specific
modulus.

* Ascil 2q [separator] Intensidty (.txt, .asc, .xy)

* POW

* GSAS

* DBWS

* DAT

* UXD Several kinds

* GRF Cerius program calculated diffractograms

* Xye Mercury program calculated diffractograms

* Sietronic cpi

* Seifer nja

* Etc.

The program will recognize additional file formats in future versions. Please contact the author to request the
inclusion of any specific format.

The conversion of any data file into one of the formats recognizable by XPowder is usually
straight forward:

PLV, the native format of XPowder (P,L and V are the consonants in polvo -powder in
Spanish) is an ASCII text format with a very simple configuration containing the following
information:

* First line: Information about the specimen.

* Second line: Starting 2g angle at the beginning of the experiment.

* Third line: 2q step between successive intensity measurements.

* Fourth line: Ka, wavelength in A. The precision of the value in this line is not
important since XPowder normalizes all the Ka;, Ka, and Kb values according to the content
of O6xpowder.inido file.

* Fifth line to end: Experimental diffracted intensities (one per line).

An example of PLV file is given below:

RENDIJA=AUTOMATICA. CALCITA. Intensidad maxima: 10732.
3.00

0.06

1.54051

1

3
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Other richer PLV formats (versions 2 and 3) contain additional information about the
experimental conditions. The example below shows a PLV version 3 file.

XPowder diffraction software. PLV file format Ver. 3.0
Sample= Fluorita0.PLV
Site= Universidad de Granada (Spain)
User= Crista - Mine - Gr
Date= 18/06/2004
Time= 13:32:38
Start 2 - theta scan= 3.000
End 2 - theta scan=80.000
Step size= 0.040
Scan mode= Continuous
Integration time(sec)= 0.4
Anode= Cu
Filter= None
Monochromator= Graphite 2°
K- Alpha 1= 1.54051
K- Alpha 2= 1.54433
Ka2/Kal Ratio= 0.5
K- Beta= 1.39217
Automatic sampler changer= NO
Single Gobel mirror= NO
Divergence slit= AUTOMATIC
Receiving slit= 1/0.1/1
Generator voltage(Kv)= 40.00
Tube currrent(mA)= 40.00
Maximun counts= 5194
Line 26
Line 27
Line 28
Line 29
Line 30
Line 31
Line 32
Temperature = 22
Line 34
Line 35
Line 36
Line 37
Line 38
Line 39
Line 40
Line 41
Line 42
Line 43
Line 44
Line 45
Line 46
Line 47
Line 48
Line 49
Data

3.000 22

3.040 20

3.080 19

3.120 15

3.160 16

3.200 21

3.240 20

This file type uses' keywords' (Start 2-theta scan for example) followed by the sign '=' and the
value of each argument (= 3.000). The lines that contain the keyword ‘'Line' are ignored by the
program. From the keyword 'Data’ are tabulated values of '2q' and 'intensitiesd.
any number of lines of header and the order is irrelevant, except that the first line should contain
the key 'PLV file format View. 3.0' or ' View PLV file format. 2.0 '. Version 2.0 is equal to 3.0
except that the data list can only contain intensity values (no 2qg angle).



What can you do XPowder?.

The main operations, as described in the following five points, are made by pressing buttons or
selecting from pull-down or contextual menus. The latter appear when right-clicking the mouse
on the graphic or object of interest:

5.

Identification of crystalline compounds (Search-Match). It is necessary to have a
database, such as' PDF2.DAT 'of the ICDD (International Center for Diffraction Data)
and, or, the' Difdata.txt 'of AMSCD. The latter only contains minerals.

The phase identification of samples with one, two or three major components is usually
done with a single 'Click'. With more complex samples, either with more phases or
minor components, the complete identification is achieved easily by using various tools
such as subtraction of patterns already identified. All these tools are detailed in
Chapters 2, 4 and 5.

Quantification of compounds. The quantification is done on full profile of the
experimental diffractogram by non-linear least squares regression based on parameters
such as 2q displacement and profile function (Gauss, Cauchy, Pseudo Voigt, Pearson
VIl and asymmetry). All calculations are accompanied by statistics. The reference data
for each phase can either be full patterns (experimental or calculated) or database
records (positions and relative intensities). When using a 2 d /database, a Reference
Intensity Ratio (RIR) must be used for each phase, and can manually entered if not
provided in the database, or if particular experimental conditions require their
adjustment. The calculation takes into account the absorption correction based on the
chemical composition provided by the database. It also takes into account a parameter
that represents an approximate percentage of amorphous phase in the sample. The
program is designed to automatically carry out up to fifty simultaneous quantitative
analyses. The results are presented in tabular form within the 'log file' of each session.
The quantification of compounds is detailed in chapters 6 and 7.

Crystal size, 'strain', thermal expansion tensor. Tools are provided for crystal sizes and
'strain’ calculations using the 'Williamson-Hall' and 'Warren-Averbach' methods, in
addition to the classic 'Scherrer' method. A specific tool allows calculating 'log-normal’
distribution in very low crystallinity materials. This is detailed in Chapter 10. If the
diffractogram records are made with temperature control, the thermal tensor can also
be calculated (Figure 8.9).

Assorted tools.

a. Automatic unit-cell refinement of identified phases (Chapter 9).

b. &Ka,strippingd by a highly optimized Rachinger

c. Automatic background subtraction. Smoothing (elimination of excessive
vibrations and noise) by Fourier transform and functional filters.

d. Calculation of powder diffractogram from electron or X-ray diffraction 2D

images.

Calculation of the diffractometer instrumental profile.

Calculation of the Caglioti equation for real samples (Chapter 11).

Calculation function of profiles and theoretical mixing patterns.

Addition and subtraction of diffractograms.

2q offset correction using standard pattern or harmonic peaks (Chapter 3).

Logarithmic/Arithmetic scaling.

Calculation of reciprocal histograms.

Reporting text ('log file").

—xT T T@ oo

Graphic tools.
a. Zoom.

b. Choice of color palette and active diffractogram.

1C

met h



Copy and paste images.

Generation of graphics (bitmaps) and vectorial (hpgl) files.

Dynamic 3-D representation of up to fifty patterns.

2D representation of diffractogram series (diffraction maps) with calculation of
curves and level, or false color very useful for studies of phase changes and
crystallinity (Chapter 8).

~o oo

XPowder Installation

A single installation file (' xpowder_setup.exe ) is used for all program options (Trials,
Academic, Professional, PLUS, etc.). It is available from www.xpowder.com (download) and
can be freely copied or distributed.

Instructions:

1. Download the latest file version (2004.04.xx) of xpowder_setup.exe from www.xpowder.com

2. Double click on then XPowder_setup.exe installation icon.
3. Follow the instructions that will appear on the screen (figure 3).

4. If you have the license code of the program, insert it (preferable copy/paste) into the box

IMain menu -> Help -> XPowder registration code]

Please, backup this registration code because it is valid for future installations and/or updates.
The XPowder program will be licensed and may be updated without having to re-input the code
(this code is recorded in the text file 'Folder progra m / Code. txt 6) . I f
program will behave as a 'trial version' valid for 20 days, for analysis of up to 500 diffractograms.

Setup - XPowder E_: D @

Welcome to the XPowder Setup
Wizard
This vall et sl X Posader 2004 04 49 on pour competer

W iz recceremmndnd that pou chaos o cthe appications befcw
corlrurg

Dhck Neod to contrwm, or Carcel 1o set Sebun

Figure 3

Database installation

The databases are not attached to the program and must be purchased separately. The
databases recognized by XPowder 'PDF2.DAT' (between 500MB and 550MB or so, depending
on the version) and 'DifData.txt' (approximately 65 MB). You can install both in parallel from the
main menu:

[Database-> Database install (or Database Update)|

11
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Select database file and then pulse (figure 4).

Database files could be:
1 ICDD: 6PDF2. dat
1T AMCSD: G@ifdata.ixtdé (opti dfdagaltx)d « r é).q lmianyecase,
@ifdata.txtd must be installed before the 'DifData.txt'. 'cifdata.txt’ (approximately
31 MB) is an auxiliary file of 'difdata.txt’, its use is optional and it can be deleted
once the setup has been completed.

It is desirable that the databases are on your hard drive rather than on a CD-ROM or DVD in
order to optimize the searching speed.

@ Database install ﬁ

Cirive D atabase file
I.ﬁd: 'I . CODENS.DAT
BliEeiy MINERAL DAT
Eqd POF2DAT
SUMMARY . DAT
[ DEY
[ PDFT
wWazIND
— [ atabaze file extenzion
Selected file: D:APDF2APDF2.DAT ® bt
* Myl

Default zcanning interval for patterns [.ﬁ.ng.strnms]
’7Higher d-zpacing I 7000 Lower d-spacing 094

[T Create INDEX.TAT file Help [nztall | Cancel

Figure 4

PDF2.DAT. It is the most popular database and is sold by the ICDD. For installation in
XPowder only need the file 'PDF2.DAT', because XPowder creates its own index. PDF2
contains several sub-files that include all branches of solid materials used in science and

technology:
Inorganics Super conducting materials
Organics Cements
Minerals Corrosive materials
Metal and allows Polymers
Common phases Detergents
NBS (National Bureau Standars) Pigments
Forensic Pharmaceutical
Educational ICSD
Zeolites Ceramics
Explosives

PDF2 can be purchased at:
ICDD Internet site: www.icdd.com E-mail:  info@icdd.com

Postal Address: International Centre for Diffraction Data
12 Campus Boulevard

12
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Newtown Square, PA 19073-3273 U.S.A.
Telephone (610) 325 9814

(610) 325 9814 (General information)

(610) 325 9810 (Sales)

The quality of the PDF2 records is very heterogeneous, since there are diffractograms obtained
with different radiation, different geometries or instrumental conditions. There are even not
indexed or wrongly indexed phases. They also contain theoretical diagrams calculated from
their crystal structures. In general the quality of the records is good and the file is completed
and improved year after year.

In order to install the | CDD datCGDR@MWis necessary y OPDF 2.
without any other file index.

DifData.txt. AMSCD database (American Mineralogist Crystal Structure Database) a free
database created and managed by Dr Robert T. Down of University of Arizona. It is limited to
minerals. Diffractograms were calculated from the crystal structures published in the scientific
literature. In general the quality is high and the database includes many entries of isomorphic
series at high temperatures and high and very high pressures.

To obtain this database, contact:

Dr. Robert T Downs.
email: downs@geo.arizona.edu
phone: 520-621-4938
or by post:
Bob Downs
Dept of Geosciences
University of Arizona
1040 E 4th, Tucson, AZ, USA.
85721-0077
http://rruff.geo.arizona.edu/rruff/

The records have a homogeneous quality and, although these are calculated, fit well with
experimental diffractograms. The biggest errors occur in minerals whose structure and unit-cell
were published long ago, as they were based on values of inadequate wavelength or inaccurate
tools. This results in systematic errors on calculated d-spacings and hinders the identification.
By contrast, diffractograms based structures published in the last few decades are very
accurate. The Difdata.txt file does not include chemical formulas in itself (it only indicate the
name of a mineral). However, the composition is found in the 'CifData.txt' file provided in parallel
and can be loaded prior to difdata.txt installation. Even without this operation, XPowder assigns
a chemical formula to correct 96% of the records. Another handicap of this database is the lack
of the 61 / |l cord parameter, so XPowder automatical
RIR parameter for quantitative analysis.

CifData.txt. is a complementary AMSCD database (American Mineralogist Crystal Structure Database) . It contains the
structural and compositional data that have helped generate sheets of diffractograms database 'DifData.txt’. The
installation under the program XPowder is not necessary (but desirable). In any case must be installed before the
‘DifData.txt'.

MyDatabase.MyD. It is a database that can easily be created and customized by the user, as
shown in Chapter 5.

13
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Chapter 1. The main screen
The image of the figure 1.1. appears when you run XPowder.

At the top are provided a drop-down menu (File Edit ...) and tool bar with buttons that perform
the main functions of the program.

Under the tool bar is provided the main graph area.

In the middle of the window (blue background) are shown various options and default values
(data file, 2q limits, database options in the main chart, etc.).

At the bottom (orange background) is a second graph area

M O fom Sown Deldes Oursteds ..
»

ot o e [ el T

Wawder Ver 2054 0412 1520

! Pymdar caw Humemarty wee dme ‘ | | ,\
POS2 DAT' file of 1COO | |
Taut * 0ut' Mes of AMCSD | Jil |

l{

T -
e -
T ETEET) - i
tudae T p—
g I e AL T FTORET AW || AN
My dodan A
[ L —— Tawe ot G O
RERL R L

Figure 1.1. XPowder home screen.
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How do you open a file?

From the main menu (File -> Open file or pressing the second button &3 (figure 1.2.)

Open file l?l&l

Buzcar en | L) Samples [ O i i
a [0 Carex09 ] A_leballsh,plv 1] Barite, PLY
LaDaza 1] A_lebailShBrsosn, ply ] Batling, plv
Documentos L) Examples 3‘_] A_Low.plv i‘_'_] BQ.plv
fecientes  om 9 > ] A_mar.ply 1] B, ply
@ (LIMARTASerie293GAO 1] ABR. plv ] c.ply
e (L JQuantitativeE xample ] africa,ply )¢5 1. PLY
Esaritorio (_JRFRMarta |#] alpha. plv ) c_Dif_1.plv
. | JRIRProblem i] alphab.plv | Cal_Vat_2T_error.plv
J ) Standards ] alpha®,plv 1] CALCITA ply
b (L0 Therma \‘,‘;J Amazonite, ply "i] calcite, ply
Mix GROHTENION | oo a ] ANGULO. ply ] celesto. ply
= %) Aragonite.plv 10 celoste plv
] _DCQ4_200809-thresh,plv 1] azul ply _] Calestine, PLY
Miee ] BELa_t_&,PLY ] CuO_lr ply
#.]A_lebailbr.ply |#]B.PLY ﬂ]cm LaB6, plv
q ( | >
Mig sitios de red - Nombre: lcalonte.plv _:J [ Abirlr I
Tipo: |PLV | Cancelar I

Figure 1. 2.

You can select one or more file samples (A.plv ... D.plv in this example). After clicking ,
you get the figure 1.3.

&u!nk»u‘-m)n‘

ClasvEEy W e M AT A
(L) |
T T
o
daal 3
gLl 3
kaer
e 3 ‘
ol ~
e 3 | |
| |
A | "
. i\ ; \M‘ | ' 'l" iy I“,l,ll l" J.',,‘:\ R J. 1 IA
s J“ L/ :__ '_” \ .___ “ YW ) WY w ' PGV AL WA WA O ™ >
' RS T e T A N e e e, T T
H " . ‘" ) M - ) ” 1
aisats Theadas Top. 3300 b4, PN
Cvpler spmem:
TRR e
e i r N
i ol RO
flamm {40 vee  \mes -
T e T [, Sovarint N = =}
’ BERE [P |
o
4 L .‘._,',\-.._.“__L.':.JL" W Bk AR Aassesme A A A X A A

ir o thiw

Figure 1.3. Main screen

16



Main commands.

Once the files are loaded, a diffractogram is shown in both the upper and lower graphs, while
they are activated menu options and some buttons that until now were disabled. On the 'Zoom'
screen is drawn in detail the diffractogram in position near the cursor. The cursor consists of two
lines when the box | Kalpha 1-2 pointer | is marked: The red mark the position Ka, and the green
Ka,. In the \&[ box have been deployed all four files are loaded. You can select any of them
with the left mouse button.

The | ower graph shows the entire diffractogram and
mouse. The region of interest is then displayed on the upper graph (for example 49<2 <56 in

the example of figure 1.4). To zoom directly in the upper graph, the key must be pressed

during a left click & drag of the mouse.

On the main graph, a left click of the mouse button adds a peak position that will be taken into
account in subsequent calculations (the program can also find peaks automatically).

tal L UL TV TP B L3S R EEERT RIS

Figure 1.4.

To restore the full-size diffractogram, click on the button 11 or use the contextual menu appears
by right-clicking the mouse, as in Figure 1.5.

File 3

Edit »

Zoom 1:1

30y 2D graphics

Change palette
Diffractogram 4
Bragg peaks

Strain and x-size

Cualitative searching *

-

Cuantitative based on ...

Figure 1.5.

The button *< can also be used for zooming out.

In a similar way many routine tasks can be performed within this graph.
For example:
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Activate the cursor to display the position of Ka, | ¥#lphal-2psinter onq p [ KBetapointer

Al so to display simuld)rdaerrsNBfaﬂgmdm1,:|'3everal Braggds

Select or change the active database at any time.
Databasze

(+ POF2 O AMCSD
[ My database

Enter the lower and upper 2q limits.
=130 g000 =
=] = |

Liawwer Upper
Z.theta limits

Show the values of the d-spacing [ 'dwalues and positions of the peaks | ' Erasalines i the
main graphic, where they have been previously calculated.

Show HKL indices of the components previously identified | " in the main graphic.

Correct the position of zero angle 2q.
2-theta offzet

j | ©_oooo ml

Calculate the average intensity of a diagram and its standard deviation (useful for
estimating the 'crystallinity’ overall sample in a simple way) . | #uerage andst

Identify with one click crystal components in the database with the active restrictions

(chemical composition, subfiles, pressure, temperature, etc.). E

Advanced identification of crystalline compounds through restriction of chemical

%

composition, observation window, Euclidean criteria, Boolean criteria, etc.
(Chapters 2 and 4).

Set the chemical and subfiles searching conditions. rﬂ (Chapter4).

Display peak positions and intensities of the phase highlighted in the search result
window [+ Current

Display peaks positions and intensities of all mineral selected in the search result
window. v Checked

Strip Ka, h| (Chapter 3).
Subtract the background. ’ﬁ"“'| (Chapter 3).

Smooth the data using Fourier transform smoothing i or functional smoothing el .
(Chapter 3).

Crop the 2q interval of the main graph n This action removes the rest of diffractogram
from the computer memory.

Calculate the average intensity and standard deviation of full intensities [ | #werage andst

Refine the unit cell without operator intervention HF- ¥,

18



Show the results of quantitative analysis and differences on the main screen.
Frint quantitative
=

L N

=

Save difference diffractogram with text PLV format. @
-
Acquire data from diffractometer (PLUS version only). W'®

Calculate Al or clear Eisl the values of d-spacings of full diffractogram. You can also
add a peak with a left click or remove a peak by double clicking on it.

Calculate ’ﬂm or clear jq only the values of d-spacings of main screen selected zone.

3
2q zero shift correction by standard patterns or harmonic reflections methods il"L|
(Chapter 3).

Profile calculations, which include determining the Caglioti function for the sample (or
instrument profile), quantitative analysis from the database, depending on the

(Chapters 10 and 11).

calculation of mixing, Williamson-Hall plot, and so on. &=

Estimates of domain size and strain by means of Warren-Averbach methods.
Calculating log-normal distribution. It is possible to apply automatically instrumental
correcting by using a very crystalline standard or by calculation on the basis of the

Caglioti and profile functions. jﬂk (Chapter 10).
Select active diffractogram color. @|

Palette for diffractogram series. L

Select wavelength values. [#%

Interpolate experimental data using cubic splines that do not alter the shape of the

profiles. It is useful in analyzing profile, unit-cell refinement, etc. ) (Chapter 3).

Refine Unit-cell refinement. GH This option is best done when the samples have been
previously identified and also the component Ka, has been eliminated.

Show pattern series in 2D and 3D ﬁ (Chapter 8).

Refresh screen, unload, reload and restore previous search data of actual diffraction
pattern, with the Fefrssh] [Unisad | [Retaad | Recaver| buttons respectively.

Reverse or eliminate negative intensities, reverse values, respectively ik —"h"HL These
are useful for manipulating calculated or differences diffractograms.

[
Open files, print graphics and reports, save files, exit program Ii'|E|§|‘—“I?|
respectively.

Database install or update. =

Afadir una nueva ficlgl a 6Mydatabase. MyD®
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1 Occasionally undo the last change 9]

Small horizontal bars that appear on some command buttons perform the same operations as
these, but above all the loaded diffractograms

B [l & B

Menu bar. Is at the top of the screen. It performs many of the button actions described in the
preceding paragraph. Most actions can be selected using either method.

File Edit Tools #Action Database Quantitative Stack Help

Clicking on any entry in this bar, opens a scroll-down menu:

File

e
open
Acquire

Prink

Save changes
Save changes as...

Save graphic
Export graphic as HPGL
Save Log File as TxT

Unload
My Favorite compounds

Exik Ctrl4+F4

New: Start session.

Open: Load a diffractogram file.

Acquire: Load data from diffractometer (only PLUS version).

Print: Print graphics and scripts..

Save changes: Save changes of diffractogram data.

Save changes as...: Save changes a diffractogram data with a different file name.

Save graphic: Save BMP image of active graphic with the computer screen resolution.

Export graphic as HPGL. Create and save a HPGL (plotter file) that can be exported from some graphics programs like
Corel Draw.

Save Log File as TXT. Create a text file that contains an echo of the calculations made and the results,

Unload. Download the actual diffractogram of the computer's memory.

My favorite compounds: To retrieve results of prior qualitative analysis (. RES for the PDF2 database and .RUF for the
AMSCD database)

Exit: closes the application

Edit

Unda Chrl+2
Copy Chrl4+iC

Undo Ctrl.+Z: Undo last change
Copy Ctrl.+C: Copy the diffractogram graphic on the clipboard.
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Tools

Taols

#Powder Format-file associations

Graphic outpuk
Profile parameters
Diffractagram calar

HKL parallel ko akoms
Thermal dilation
Solid solution
Wavelength

Merge
Adding all patkerns

XPowder format-file associations: Allows associate files with extensions of the program XPowder so they can be
opened automatically when you double-click on them in Windows Explorer or the desktop.

Graphic output: It sets up the options and features to be included in graphics printouts.

Profile parameters: Shows the parameters of the profiles of the reflections, both the active as the profile of the
instrumental diffractometer. The values can be changed, but are not calculated from this option (for this we must use the

eI
button =H (Chapters 10 and 11).
Diffractogram color: Set de active diffractogram color.
HKL parallel to atoms: Calculates the indices HKL of a face parallel to two structural or morphological addresses.
Thermal dilation: Calculates the thermal expansion coefficients if diffractograms are obtained at different temperatures.
This tool operates automatically on the screen 2D, when used thermodiffraction.
Wavelength: Set wavelength values
Merge: Graphically sum or subtraction of diffraction patterns.
Adding all patterns: Calculate the average diffractogram of all loaded pattterns.

Action

division by sin (theta)
multiply by sintheta)

division by Lorentz-Polarization
multiply by Lorentz-Polarization

Zhange automatic slit to Fixed slit
Zhange Fixed slit ko automatic slit

Logarithrmic

Strain and X-size

Smoothing Functional Filter

Fourier transform

Peak search

Daka cubic inkerpolation
Background subtraction
2-theta of fset

k-alpha 2 stripping

nit cell refinerment
Miscelaneous

division by sin(theta): Can simulate a change from fixed to automatic slit.

multiply by sin(theta): Can simulate a change from automatic to fixed slit.

Division by Lorentz-Polarization: Performs Lorentz-polarization factor correction of powder diffractograms. It is useful in
profile analysis.

Multiply by Lorentz-Polarization: Reverse of the previous operation.

Change automatic slit to fixed slit. Simulates the change from automatic to fixed slit in Bragg-Brentano geometry. The
used function is :ly= D°- 0.20268: l./sin(11.16+q°-0.88-0.19)

(It = Intensity measured with fixed slit, 1,= ldem automatic slit, D° = divergence fixed slit).

Change fixed slit to automatic slit: Reverse of the previous operation.
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Logarthmic/Aritmetic: Puts the intensities axe in logarithmic/arithmetic scale. Its use is highly recommended to localize
reflections of low intensity, on very low crystallinity materials or having a great orientation. Use the arithmetic scale for
qualitative and quantitative analyses. Do not carry out operations such as' Ka2 stripping, subtraction of database profile
cards, etc,. when using the logarithmic scale.

Strain and Size: Profile analysis general tools.

Smoothing: Removes noise through functional and Fourier transform filters.

Peak search: Search maxima of Bragg reflections

Unselect all peaks: Unselect Bragg reflections.

Data cubic interpolation: Make a spline cubic not distorting, which allows interpolate experimental data without changing
the shape of the profiles. It is a very useful filter.

Background subtraction: Perform background subtraction automatically.

2-theta offset: Tool for the correction of zero on the scale of 2q, using internal standards or harmonics.

K-Alpha 2 stripping: The component Ka; of diffractograms obtained with X-ray tube is removed. It is necessary for many
calculations profile based on widths of reflections and highly advisable before unit-cell refinement.

Unit cell refinement: Automatic unit-cell refinement.

Miscellaneous: Profile calculations, which include the Caglioti function fitting for the sample (or instrument profile),
quantitative analysis from the database, depending on the calculation of mixing, Williamson-Hall plot, and so on.
(Chapters 10 and 11).

Database

Dakabase Boolean searching
Advanced searching

Cne click searching

Recover searching

Dakabase options

Database Update

Database Boolean searchig: Allows a manual search of records from the database by 'Set-File', key words, names,
chemical composition, and so on. This example shows how to search apatite containing fluorine and carbonate anions

in the base PDF2 with the options active (m) which are explained in
g T Chapter 4. If the PDF2 set and file '5 586 * are introduced in the box
= [Set File (or nickname) | , the program will return the record of the

m mineral calcite. If this box is introduced any nickname, described in the file
v 'Favorites.txt', or part of it, the program will return the record with the same
nickname (Chapter 12).

@ »

Advanced searching: Advanced identification of crystalline compounds through restriction of chemical composition,
observation window, Euclidean criteria, Boolean criteria, etc. (Chapters 2 and 4).

One click searching: Identify with one click crystal components in the database with the active restrictions (chemical
composition, subfiles, pressure, temperature, etc.).

Database options: Set the chemical and subfiles searching conditions. (Chapter 4).

Database install (or Database Update): Allows you to install (or reinstall) a database (PDF2.DAT or DifData.txt).
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Chapter 2. Searching advanced options

This section (Figure 2.1.) is accessed from the main screen(Figure 1.3.) by clicking on the

button =7

Advanced searching.  Samgle: CO XPowder’ Samples ' celestegiv

il seardring sone]

Figure 2.1.

The graph of this screen shows the diffractogram with the zoom level used in the main screen.

You can get a greater detail by pressing the | Shift | key and dragging with the left mouse button

on the chosen area. The button L] rescale the diffractogram to full size, while the button
diminish the scale gradually.

When you move the cursor on the graphic the values 2q, spacing and intensity show

respectively in the three boxes (back yellow , green numbers) are located above the key
[ Man |

The sky blue area of the bottom of diffractogram ‘hidden' reflections of lesser intensity. The
optimum height is calculated by the program itself. The peaks hidden will be taken into account
during the search but as an incidental, so that components minority might go unnoticed in these
conditions. The height of the blue zone can be changed by clicking on the desired height with
the left mouse button. The value of cut is reflected in the box [ Intensity cutl. The sky blue area

can be overridden by pressing the button - or restored to its original value with -| It
is convenient to use the blue zone during the early stages of identification in samples with many
components. In later stages, and without it you can establish the components minority.

When you check the box emssstal® -l you can select the first N letters of the name of a
crystalline phase, so that the program will choose the best card in the database for that chain
letters. In the example, assume that the sample contains the mineral 'Celestine’, which is ten or
more records in the PDF database, and five in the AMSCD database, will show only the best
suited and whose name begins with the string '‘Celes' (5 characters). The program distinguishes
between phases removed from the database (Deleted in PDF2) of the active. Thus, identifying
where the criterion be applied | Skip duplicates | show results as possible 'Celestine’ and 'D
Celestine' in the example above. The first letter D is used to mark the card as deleted. If during
the search you want to discard the deleted records see Chapter 4.

Within the framework of search parameters |Searching parameters| you can select the interval
2-theta gap| that the program used to consider as a reflection observed.
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This value corresponds to the width (2q th) of the distance between the two vertical green lines
in Figure 2.1. It is appropriate that this value is given to excess. Very small values may prevent
some compounds are not 'observed,' what happens when diffractometers are poorly aligned or
records from the database are of low quality. The default value (0.20) is usually valid for the
majority of cases.

On this screen you can select the active database (PDF2 o AMSCD).

The order m allows you to select specific subfiless within each database (minerals, organic
compounds, and so on, inside PDF2, or PT conditions within AMSCD) and chemical restraints
(for example, you can search for Fe, Mg or Ca carbonates). The use of this tool is shown in
Chapter 3. The restrictions were activated show next to this icon ( en la Figure
4.1)).

||\/|atching criteriaj box lets you select between four criteria for identifying phases. All of them are
based on numerical taxonomy methods in a multidimensional space where, the minimum Euclid
hyperdistances (H) between the data of problem diffractogram (M,) and of the database (M.)
are calculated. The differences between the methods lies in the different ways in which defines
the axis of multidimensional space:

H2 = X O'Mc)\%l

To find H, you must use only reflections inside the 2q selected interval. Therefore, the zoom
should not be used to analyze the complete diffractogram in searching procedures. The zoom
should be used only when you want to identify reflections and isolated minority phases.

1 FOM . The axes contain 'figures-of-merit' dependents of 2g-zero error of diffractogram.
Should not be used when the diffractomet is badly aligned or the database records are
poor quality.

1 Magic . The axes contain ‘figures-of-merit' independents of error of zero difractometer,
the database and the coincidence of reflections from various crystalline phases. Often
the most effective approach for identification.

1 Classic .The axes contains d-spacing values, although XPowder automatically corrects
the corresponding values of the databases, agree to normalized experimental
conditions, before proceeding to the calculation of hyperdistances. This criterion should
not be used this approach when there are many similarities between 2g angles of
different components, the difractometer is poorly aligned or database records are of
poor quality.

i Desperate. The program uses only two reflections of experimental diagram and
optimizes its agreement with the database. Should be used only in diffractograms of
very low quality or for minor phases. The second option approach 'Desperate’ is not
affordable by the user, but is selected exclusively by the program itself in cases that do
not appear obvious solutions or when you have selected a single reflection of the
experimental diagram.

1 2 reflections. Since version 2004.04.54 has been including a new approach that uses
only two of the diffractogram reflections to maching with the high intensity reflections of
database records. When this option is used, the number of possible solutions is high in
general, due to the lack of information used in the calculations. It is therefore
appropriate to provide supplementary information to the program (about chemical
composition, for example). This approach should be used in diffractograms having
small scaning intervals (eg 2 <2q <50 ° ), or for identication of minority phases. Also,
from version 2004.04.54, the second searching options of 'Desperate’ has been
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renamed to '1 reflection' , because it uses in searching one selected reflection only.
(See updates).

The hyperdistance value (H) is considered by the program as a key criterion for the
identification and its v aMatchingba ptpoecalr,s Ghna pttheer obu)t.put

The search begins when you press the button [ Seach Alternatively you can complete the list
of subsequent phases identified with the button -4 | The button does the
program go back to the initial screen without performing any search.

The ability of this program to search for and identify compounds is high because of their special
characteristics:

1 The algorithm that uses the approach Magic improves, more than any other, both the
quality of experimental data as those from the databases.

1 During the search process (searching), XPowder standardizes the value of the
wavelength. To do so reads the value of radiation used in each database record and
correcting the position of maximum for the radiation used in the diffractogram problem,
regardless of d-spacings write in the database. The process takes place even if the
discrepancies in values of wavelengths are minimal. For example, some records have
been obtained with wavelength Kaayerage: While others have been developed with Ka; or
even with other radiation differently. This does not affect the algorithm for calculating
used by XPowder, but the criteria used by other searching programs.

1 After obtaining the best match by calculating hyperdistances, a second approach is
performed. Then, each database records is adjusted to the experimental by nonlinear
least-square methods. The their possible misalignments of 2q are refined again. The
standard deviation obtained during the procedure allows to specify the phase, within the
list of substances identified by the calculation of H. Furthermore, adjusting the fractions
(f) of the mixing function (F) of each component (c) for each angle q, so that:

l.q are the intensities of each component in the angle q. Therefore, allow f. values
estimated preliminary weighting of each component between 0 and 1 (see Figure 5.2:
f.= Weight=0.75 corresponds to the weight of celestine in the global mix function).

These operations, unlike those used in the calculation of H, are made on the whole
diffractogram, whatever the used zoom.

1 The results are displayed in a single list (Chapter 4) that can interact graphically
(matching) with the experimental diffractogram. Optionally, you can subtract gradually
phases identified in the original diffractogram (see Chapter 5. , Figure
5.7). This, which is not normally required, can occasionally facilitate the identification of
minority components. On the other hand, can be superimposed graphically diagram
experimental records from this list, one at a time, or all considered correctly identified.

Home
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Chapter 3. Pattern filtering

In general there is no need to make any special treatment from the diffraction data, but when
the experimental conditions are not ideal, some tools can be used to improve quality.

=¥
1. Zero 29 offset angle correction. I:'J'L|
(See also update 2010.01.10: Planar CCD geometry, Polynomial 2q fit)

XPowder has two methods to to correct the error of 2q zero:

 Correction with internal standard.

¥R 2 theta zero setup ’s(

50

475
3
Az
370 3
27

14 3
211 7
158
108 ,

g _-~'~N~’-‘vw NL‘"““" "WLW’“/ .""" ""‘W\J \.4 /‘\ww LM"M\..\@... J

0 }J
Zan shit = | _J - | Betiesy| oo st snllachion par method - Standad 24wty depecng e /100
] I St i - ) e ) | SR [T [

Figure 3.1

In Figure 3.1. an internal standard, which can be selected from the list of the frame
(Quartz low (2) in the example), is used to verify experimentally the displacement of 2q. The
internal standards can be included in the file manually 'std.txt' as described in chapter 12.

You can 'zoom' on the area 20<2 g30 for more precisison (Figure 3.2).

% 7 theta zore setup ﬁ

528

475 | ’
)
4 [
570 3 | l
319 ’
It4 I |
391
158

108 /\ |

0 e :.,. e s e, .:ln. Sea e :‘1 ) :-: - :-= e .:-‘. . T eaa . ';';‘ e ' ) 4:.‘. - o :* . . :.n
Zero it 2] 1] -| R“""'l Zean thift refecson pas mehod |- Stancand 2theta  dapecing w100
b ) -[-_J»mr..,»~-_'l_.-] T -] | l |

Figure 3.2.

With the tool ﬂ J j can move the diffractogram its true position (Figure 3.3) and shows the
movement made (-0.0480) in the framework .
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Figure 3.3

1 Correction D 2 tprough harmonics.

To apply this method will require two different orders of a reflection, that appear on the angles
0: and g, respectively.

When there is a shift of the origin D, of the scale of the angle g, the equation of Bragg requires:
ny- | =2 dsin(q:-Dy)

Ny | = 2 dsin(g.-Dy)

N = m/n; = sin(g:-Dg) / sin(02-Dy)

N = (sing, .coDy - coFy, .sinDy) /' (Sing2 .coDy - coFy, .SinDy)

If numerator and denominator are divided by cogDy)

N = (sing, - cogy, - tanDy) / (Sing. - cosy, - tanDy)

tanD; #$sing.- Nsing. ) / (cos - N cosyp)

it appears the error of angle 2 q .

Dg =21D

To carry out the correction, you should select two orders of a reflection of Bragg (could be any,
even non-consecutive reflections) within the frame | Zero shift reflection pair method|. In Figure
3.4, have been selected respectively orders 1 and 2 (you'll see the cursor corresponding graphs
from n = 1 to 2). By placing the cursor n = 1 on the first reflection (approximately 18.6 degrees)
shows that the position of second order is not correct (the second cursor, approximately 17.7
degrees). Pressing |Alt + left mouse button | is a utomatically carries out the correction, as
shown in Figure 3.5.
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Figure 3.4. Before correction of zero 2q.
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Figure 3. 5. Has been detected and corrected a displacement of -0.0800 °. The correct positions
of the two reflection orders are marked with their respective values of n.

In either of the two methods described, when pressed , the program returns to the main
screen. | OK all | states the same correction for all samples are loaded into memory (up 50). If
the box | save changes | is selected, in addition to the above, the data files are saved on your

hard drive. rejet the changes| ? | shows a help on using this screen).

Shift + left mouse button= Select zone
kel + |eft mouse button= Scale counts in zone
alt + left mouse button= Bragg s armonics for zero shifk
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2. Elimination of noise.

Lets remove small and frequent fluctuations of the diffractogram registration. Any action of this
type should retain the geometry of the profiles, which otherwise would leave inoperative
diffratograms ir order to study of profile analysis. XPowder uses two methods:

1 Functional filter. There is an average weighted by a continuous distribution function
characteristic of the diffractogram. Every calculation is done automatically by pressing

thebutton@or m égction ->6Smoothing-> Functional filterod

1 Fourier transform. Removes higher frequencies in the Fourier transform using a cutoff
value and then calculates the inverse transform, which gives us the filtered

f\|

diffractogram. Is accomplished by pressing the button ¥ o r  m éctian ->6Smoothing
-> Funct i oTheaFigurd 3.7I shosvs how to handle tool for the Fourier filter.

X Powder. Fautier transform

Nhagay Conmgronent

Figure 3.6. Clicking on the position of the cursor eliminates the frequencies located on your
right and you get the filtered image of Figure 3.8.

X Powder. Faurfer transform

!
I A

A b e i ettt

s
e SN

Iraginary ooovponenl

Figure 3.7. The smoothed diffractogram can be seen at the top.

Home
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3. Background subtraction. &
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A Figure 3.8. B
An ellipse (Figure 3.8A, [Flat roller) box unchecked) or a segment (Fig 3.8B, |Flat roller] box

checked) can be used interchangeably, to automatically search for points where the background
polynomial will be calculated by LS methods. The horizontal cursor (and/or vertical) provide the
magnitudes of the semiaxes of the ellipse (or segment) that will cross the lower diffractogram
and whose contact points will be used to calculate the background function by splin (Auto
roller), splin + polynomials up to grade 20 (autoroller+polynomial) or tracing the background of

manually selected points (Polynomial customize). The buttons - perform background
subtraction on the active diffratogram (large button) or on all diffractograms loaded (top bar)
with the selected options. Figure 3.9. and 3.10. Large ellipses yield a soft elimination of the
background while small ones suppress the background completely. Different ellipse sizes

should be tried.
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Figure 3.11.
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4. Ka, stripping. J

It uses the Rachinger method in its classic form, or in a dynamic modification that optimizes the
adjustment of the distribution functions of the profiles that are Kastripped in succession during
the 2q scanning. The method 'Advanced’, which uses methods of Fourier on reciprocal
histogram, is temporarily out of order in the current version.

For proper Ka, stripping, use very accurate values of |, ,, arld [Il , / Il ] (use 23 when
necessary).

The process is applied to a diffractogram (XPowder program_dir\Examples\Quartz60_ 70.plv)
that shows the quartz reflections 113, 300, 212, 203 and 301 (figures 3.12 to 3.14).

Figure 3.12.

— vv.‘»...) ' 1 e ' : '

R

Figure 3.13.

. /

)

N W "

Figure 3.14.
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5. Changing 2q step. El

This procedure significantly improves, without the slightest deformation of the profiles, the
quality of measured with an excessive step diffractograms. This operation is very useful, as it
happens prior, to improve the quality of Ka,stripping, profile analysis or unit-cell refinement
Figures 3.15 and 3.16).

Figure 3.15.

Figure 3.46.

6. Merging diffractograms (Main menu i > Tools -> Merge)

This routine makes weighted additions and subtractions of diffractograms.
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Figure 3.17.

You can add or subtract] Subtraction | diffratograms. The top of the Figure 3.17 shows the

main diagram in blue and the secondary in yellow. The bottom image shows the sum of 50%.

Moves diffractogram calculated to the main screen. Caution: The program maintains the same file
name that was the main diagram.

Cancel | Discard all operations and returns to the main screen.
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Lets scale the charts to the original size. It is used when it has made ‘zoom' up on
this screen.

Fill color the main diffratogram.
Interchange |Swap the main and secondary diffractograms.
Ratio 1:1 [The two original diffractograms have the same weight.

Slider cursor that lets ponder the diagram secondary.

Home

34



Chapter 4. Searching subfiles and chemical restrictions.

The entrance to this screen (Figures 4.1. y 4.2.) from the dnainscreend6 or from ot her part

the program by clicking the button (Advanced Options on qualitative analysis).

3

i Subfiles and chemical restraints

Subfiles Chernical

| Deleted pattems A Boolean
Inorganics Database E And  fe
S & FOFz " amcsD oy BTE |. olTE |E z;t ((:
g/ nerals [ Eocc B i | 5 Aand[BorCorDor.)
Metal and allow Al si[[P ..E e ey
Comman Fhazes ([ eI (EET e
Hatiomal Buras Stand i v| |Fe Co|[Ni|[Cu|Zn|Ga]Ge As|..|E (BorBorCland Dor.)
at|0n§ ureau Stan [forBaorCorD]and (Ear.]
Forensic Nh|..|Hu Rh|Pd|Ag|[cd| In | 5n[[SB][Te .E AnotBnotCrotDnot. ("
E ducational I = [AorElnot CnotDnot.,
Zeolies Ta||W|[Re|[0s] 1r | Pt[Au[Ha] T1]Pb][Bi][Po At [Rn] O D e, ‘8
Explosives MEAMMmrneE [&andBland [CorDar.]
Super conducting mat. [AandEBand Cland [DorEor.]
Cements Ce| Pr |[Nd(|Pm||Sm| Eu|Gd| Th| Dy(Ho| Er || Tm| ¥b | Lu|[v Lanthanes |~ Atomic number out lirmits
Carrosive materialz b lower upoer
Thi|Pa|| U |Np||PulAm{Cm| Bk| Cf |Es Fm(Md|MNo| Lr |7 actinides |None j |None ﬂ
Apply Laoking for any chemical compositian. Faset | | 0K, I F
LY Ll LY LUl TTTT L]

Figure 4.1. PDF2 advanced seaching options

3

i Subfiles and|chemical restraints
Subfiles Chemical
Boolean

E Database IE And (¥
. " POFz % aMCSD (7 My database B C |.|ihi||"_e o
Mot
o EEe .. EEIEEE Al si ?I. E A and[BorCorDor.]
Qo = 3n [A orBjand[CorDor.)
| Hight Pressure ..|Sc Ti[v |..| Fe|Co|[Ni|[Cu|Zn]Ga|Ge As|..IE (horBorCiand (Dor.)
2| Hight Temperature [AorBorCorDand (Eor.] ("
..\L Zr Nh|..|Hu Rh|[Pd| Ag[Cd] In | Sn|[SB ﬂ.E AnotEnotCnotDnot. (~
e S
| R REEEEEERm e e
IR [ P e ]
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Figure 4.2. AMSCD advanced seaching options

On both screens, the database can be exchanged, select subfiles or put restrictions on
chemical composition using Boolean logic (And, Or, Not and combinations).

The subfiles of each database are selected in the box [Subfiles| . The BBl button in Figure 4.1.
establishes what the selected subfiles will be loaded the next time you start XPowder (default
setting when using PDF2).

Chemical restrictions:

In a general way you can discard previously in searching phases containing elements
lanthanides or actinide (leaving unmarked respective boxes), elements with atomic number
than stated, or higher than those given in box. The hydrogen is excluded from
these restrictions.
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Boolean conditions:

You can choose up to 11 different chemical elements that are involved in the search for
components of the sample. To select just click on the symbol in the periodic table of Figures
4.1. or 4.2. A new push on the box, delete the item from the list. - button removes the list.
All items selected must into the chemical composition of the crystalline phase.

1 And: All selected elements must into the chemical composition of the crystalline phase.

1 Or: At least some selected element should belong to the chemical composition of the
crystalline phase.

1 Not: None of the selected elements must belong to the chemical composition of the
crystalline phase.

1 Logical combinations: The three previous operators can be combined by selecting one
of the options under framework. It should be noted that the brackets have
priority over the logical operators and therefore, any operation between parentheses will
be carried out before the rest. The order in which chemical elements are selected is the
same generic sequences of A, B, C, etc. displayed within each of the options under

:

Example

Figure 4.3 shows, for example, how to find carbonates Mg, Ca, Fe or Mn in the subfile
‘Minerals' of the database PDF2. The deleted patterns will be taken into account during the
search, as indicated in the framework. The selected items are drawn with black
background in the periodic table and the sequence is on the list of yellow background,
under the title of framework. The complete logic condition appears developed in
the bottom of the screen:

ISearchig for ¢ (C and O) and (Ca or Mg or Mn or Fe)|

i |Subfiles and chemical restraints @
Subfilzs Chemical
w| Deleted patterns A Boolean
Inorganics |E| Database E C And
Organics f# poOF2  { amcsD My database A C N i} o
(%] Minerals g..nEE Ca Mot
| Euc: B ficid | = 2] A and[BorCorDar.]
Metal and slow Al si|[P . E a
Common Phazes I;1n [A[A ;r B]é]nd[j[‘; Dor]'"] ?

- ¥ XM Co(|Ni|Cu||Zn|Ga|Ge|[|As Kr g orEartyand [Dar...
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Figure 4.3. Chemical searching restriction with PDF2.
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i1 Subfiles and chemical restraints
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Figure 4.4. Chemical searching restriction with AMSCD.

Figure 4.4 shows the same as in Figure 4.3, but with AMSCD database. In this case, the
searching will be made on minerals formed at room temperature and pressure.

The R key confirms the search conditions selected, while [B&lig@l (‘disabled' in the examples)

ruled out any changes made, but does not affect the selection of subfiles.

Home
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Chapter 5. Searching and matching.

The identification (searching) of substancescan be obtained from the home page (Figure 1.2)
manually by using the 'Database-> Databse Boolean Searching "and automatically with the

%

keys E (One click searching) or (Advanced searching):

E This button performs the search completely automatically, using the search options
active at that time (see Chapter 4).

K This button will display 'Advanced Options' described in Chapter 4, before
performing the search.

In all cases, the results appear on a 'floating' list into the tool | Matching |, critical to correctly
identify and confirm the crystalline components (Fig. 5.1).

The 00 It dahen Fmeharn  (hasthames Swt tow

= L LSO NG - L e peepven — (TR LUETeR LSt e RN AN

Figure 5.1.

Figure 5.2 shows the tool Matching (ver 2004.04.57) in detail. The example was created from a

sample of monomineric Celestine - Sr (SO4) after using the key E (One click searching) on
the mineral PDF2 subfile, including the deleted phases. Each file contains from left to right, a
check box where it should be confirmed (R) the presence of the mineral. Then there are a six
number string that correspond to the 'Set' (first two digits) and 'File' (the other four) of the
database. The following is the Euclidean hyperdiste that has allowed the identification (smaller
is better in terms of the adjustment). Following is the name of the previous stage, or not, the
letter D, indicating that the file has been deleted from the database. The blue flag is on the first
line because is the best full least-squares fit of the possible records. It is noted that all first
solutions are 'Celestine’, because this mineral appears repeatedly in the database.

It can select (or discard) the crystalline phases identified correctly by ticking the appropriate
box, or pressing the keyboard | space | on the active line. You can also use the | Del | key to
remove lines and keys .| Down]|,|Page Up], | Page down], [Home | and | End | to move on
it.
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Fenalty : ENE )

Cancel ; " T 42035 0.02 Strontium
Freserve 7305290119 Celestine  -Strontium
030733 0.133 D Hmenite = lron Magn
050593 0,141 Celesting, spn = Strant
— : ] 020544 0,181 D wWulfenite = Lead b«
(B 050631 0.199 O Palladium, syn = Pall

Unit-cell

Std 800523 0.203 Celestite, zin -Stront
Card prafile izplay differences 894897 0.228 Palladium, sun - -Pall
12178 0.229 Barvzilite -manganes »
Dhzcard patterns Leaszt squares hthing
Dul:-licateal ‘Deleted |_| -| Autamatic [ Minors ¢
wipe | Unchecks [IRSESEmm]

15 i -aff -
Ting | Minars | Largess | Minar cut-off LeTgass

Kill =5 except the top 20 3 Tinw cut-off & Bath o

Figure 5.2. Matchingd t ool . Resul t s (Pleast ¢$ee ipdateChapter) abas e .

To avoid the recurrence of similar results, ticking into the box [Skip results| , as explained in
Chapter 2, figure 2.1. In this case, the best solution is shown as in Figure 5.3, where the mineral
‘Celestine’ appears only once.

#: Searching results for, celeste in PDF 2 Database g|§|@
e

Add [| | 2 E D022 Celestineg

Cancel e 030789 0.133 D Hmenite = lron kagn
Presearue 020544 0,181 D wWulfenite = Lead kc
’ 0506271 0.1939 D Falladium, =y = Pall
894897 0.228 Palladiurm. zyn - -Pall
— 12178 0.229 Baryzilte -manganes
ez n 7422890229 D Baryzilite  -Mangaru
) 892022 0.285 Kitkaite -Mickel zeler
Card prafile > Y1618 0.298 Fresnoite  -Dibarium «
294752 0,206 K Plohnkite, syn - -t

Dizcard patterns Least squares hthng
Duplicates | 'Deleted’ | INERESSN| JEaiEl  Automatic [ Minors
wipe | Unchecks E

Tiny | binors | Largess |

Unit-cell

Lip]
L

[

15 Minor cut-aff % Largess

Kl - except the top 20 3 Tiny cut-off % Btk o
Figure 5.3. The box |Skip duplicates| was ticked in advanced searching options.

The remaining suggested phases (D Bopurnonite, etc.) have an excessive hyperdistance, so it
wi | | be to select as the most | ikely phase "Cel esti

been pressing [Uncheck]).

Similar results can be obtained with the database AMSCD, which displays the list this time with
blue color (Figure 5.4).
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%t Searching results for celeste in AMCSD Database

fal

=%

Cancel

Prezserve

Unit-cell

Cuankitativ

w
L

Card profile

[ concer
[ Fresere
=
[ oot
[Suanmats
[ Std
[Caraprotte
I

Discard patterns
Duplicates |

Least squares Fitting

JEaimm  Actomatic [

WipE

| Unchecks [SeSsissmm]

By clicking on any of the lines of the list, with shades of gray, a graphic overlay of the active
record on the graphic pattern is made. If on the main screen ticked the | F&lphakZpainter |55y 150
shows the positions of the bars for Ka,. If, moreover, | 'KE#tapsinter s marked, are shown in

Tiny |

Kill - except the top 20
Figure 5.4. Results obtained from the database AMSCD. The [Skip duplicates| box is unchecked.

15 Minor cub-off 2
3 Tinw cut-off 2

binors | Largess |

orange clear the positions of the bars Kb.

In poliminerics samples is the same way, but the list of suggested phases includes incorrect
solutions and it should be analyzed using the 'matching' tool. The example of the Figures 5.5
and 5.6 shows qualitative analysis of a sample with four mineral components (etc.) on the
subfile "Minerals' of PDF2, without taking into account 'Deleted’ cards and with

the option selected.
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Figure 5.5
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*: Searching results for, c.plv in PDF2 Database

ER0285 0.030
282166 0.034
772248 0.0
W FE0523 0.04
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123730077
2392543 0.095

Leaszt squares hthing

JEEiEn  Automatic [ Minors
15  Minor cut-off %
2 Tiny cut-off 2

Hemihedrte  -zinc
Tantite, syn -Tan »

Discard patterns

Duplicatea| ‘Deleted! _
Wipe | Unchecks |EI

~

Largess
Bath o

binors | Largess |

Tiny |

Figure 5.6.

Figure 5.7 shows the result list. It is noted that the phase with lesser Euclidean hyperdistance (0,025
bornite) does not match the one that best fits by least squares (0,028 Fluorite syn). It is for the user
decides which ones are the most appropriate allocations. In this case, and given that some phases can be
identified really isostructural terms of those obtained after a detailed analysis with this tool we reach the

conclusion that these are shown in Figure 5.8. To be ticked the ™ == hox the bar charts of the
database, automatically weighted, overlapped with the original using color codes. To stop the
cursor on reflection, they show the rates of the reflections of each component (box with a yellow
background on 2g=26° in Figure 5.6).

In addition to 'Set', 'File' and hyperdistance, the tool '‘Matching' figure of 5.6 contains the
following messages:

[Penalty|: Order on the list according to the hyperdistance.

|Weight |: It varies between 0 and 1. Is the fraction of heavy intensities of the database record
that best fits the experimental.

|Selected:

[Found | Number of phases suggested during 'searching'.

Number of cards accepted and marked

0 Ma t c dommands (Figure 5.5.)

. It allows you to add to the list new results through new qualitative analysis.

. Rejects all the results and hide the tool.

. Saves the current results, which could be recovered, to be charged the same

diffractogram subsequently, through the orderEI. Both orders appear repeatedly in other
parts of the program. It also can be retrieved at any time from the menu on the homepage (for
example to contrast or implement the results of this sample other of the same nature):

[File -> Mi favorite compounds|

Lets unit-cell refinement of the crystalline phase corresponding to the actual card,
both automatic or controlled way. (Horizontal blue flag in Figure 5.6). (See Chapter 9).

. It allows the non linear least squares quantitative analysis for of the phases identified
including statistical and global amorphous stuff, overall from the database records. The program
takes chemical composition and density from the database in order to calculate the linear mass
absorption coefficients. If these data are not present in the database, the program assigns
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approximate coefficients. The overall mass absorption coefficient of the sample is calculated
during the process. The program assigns the RIR factor (Reference Intensity Ratio) value of the
card in the database. PDF2 use in this sense the coefficient 'l/lcor', which is usually wrong in
most cases, as documented by the fact that there are numerous examples in which a single
crystalline phase shows variations of up to an order of magnitude in the same database (for
example, a mineral composition as invariant as is the quartz 'l / Icor' ranges from 2 to 20,
leading to errors of up to 50% by weight and even mayors). Other times this factor is not
included in some chips from the database. In conclusion, to ensure proper quantification each
investigator must use their own values of the RIR coefficients. The best way to calculate it is
through registration Diffractometer setting of a 'pure pattern' of each substance to quantify, 50%
mixed and homogenized with another 'standard reference' stable (as far as possible and
crystallinity homogeneous mass absorption coefficient similar to set of mixing problem). This
often sometimes unlikely. The Corundum or synthetic (Al,O3) powder are often used as
standard reference, after being passed through a 20 nm sieve. The RIR factor is calculated by
dividing the maximum intensity of the reflection phase of the pattern pure by the intensity of the
reflection maximum of corundum. But it is much better, though more laborious, making the ratio
of the integrated intensities of all reflections of each phase. More details on the quantitative
analysis are shown in Chapter 6.

It incorporates the record to the list of standard patterns (text file 'std.txt').

Allows the estimated diffractogram of the actual card for the active database
(horizontal blue flag) in accordance with the standard profile of lines and Caglioti equation (see
Chapter 10). Not included in calculating the asymmetry of the peaks, but if the box Ka, and, or,
Kb are activated in the initial screen, the corresponding profiles are calculated. Subsequently,
the profile can be calculated subtracted from the original diagram. The latter can be used to
highlight the remaining components of the experimental diffractogram residual. The asymmetry
of the peaks is not included in the calculation, but if case of the Ka, and, or, Kb boxes are
activated in the main screen, the corresponding profiles are calculated. Subsequently, the
calculated profile can be subtracted from the experimental pattern.

It let recover the last database pattern erased by - .

Within the framework Discard pattern are buttons that enable solutions to eliminate recurring
patterns ( [Duplicates)) , P DF 2 paiterres [(6eD eel dpdir @ patticular solution ( ).
This last, clears the list of the active row (horizontal blue flag). Can be replaced by the key EH
of keyboard.

Discard patterns Least squares htting

Duplicates| ‘Deleted' |_ Geill  Adtomatic [T Minars O
Wipe | Unchecks ”El 15 Minor cut-off % Largess

Tiny | Mirars | Largess | IT Tiry cut-off % Bath @+

Discard all results from the list.

Unchecks|. Erase all the results from the list that have not been marked. Can be replaced by the
Esc| keyboard.

- It let select the actual pattern on the list. It is equal to clicking on the box R of the
pattern list. Can be replaced by the keyboard.

Tiny | Minors Largess | They eliminate respectivelly the tyni, minors and largess

components according to values into the boxes [Tiny cut-off 5 y [Minor cut-off %
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Daiitt | Perform least squares fitting of better database pattern of list according to the selected

button option (Minors|, [Largues| o [Both) . This button is unable in the case of Automatic [ g
checked.

Others options:

Launching AMyDat (Seealsccupdate 2010.01.10)

Following commands are used:

. (Main menu). Write the actual experiemtal Bragg reflections in a new record in
6Mydatabas. MyD&é (fig. 5.7)

petimrne Sor Madeid by

2 St g onnnilnn b Har 1w in AMLAU Ban ebann

1 1 - A ' ‘ LA Loatad 1
L ——— - - o — 3 T Y A ] fLb SR ha A o
> S o R TR LR B ROTURY ] T LTI OO RO 3 W
w0 e 13 » @ ~
OL-D314 0 34D Derive = Kewmdur Yax . 004 04 W

Exports the crystallographic data of active database (no reflections) to the new experimental
record file (Figure 5.8, data in red). This data can be edited before finally being recorded in

'Mydatabase.MyD' with the order Savorecard|
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Fig 5.8

Export directly the actual record of the active database to 'Mydatabas.MyD'.
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The first pattern of "mydatabase" should be created with a diffractogram of our own laboratory
diffraction. Thus, the experimental model for the rest of the database will be related to it.

MEEEVEEE] \When marked, the database record appears on a floating screen (Figure 5.7).

Anothers options :

LECERUERI \When marked, check the database record and corrects original 2q error
scroll (-0.007 in the example). Corrected values are graphically displayed on the main screen
(matching).

MEEEVEEE] \When checked, the main features of database pattern are displayed (figure 5.7).

=4 Current AMCSD card @

Name Barite 010654 1 Export | | nio |

Chemical EBa5S 04 Ea S04 AbzRIR 1.000

Set 1 File Bh4 Subfilez -Mineral ¥ denzity 1 Prez kPa  101.325

Cryztal syzterm  Orthorhombic Space goup  Pbrm ME 0 aawz 7157 o a0

Anode Cu Temp iC 200 basz 8.8384 i a0

Lambda 1.540533 Pattern quality  C Active record caxs 5457 o a0
Figure 5.7.

Espot| Equal to m

Std It incorporates the record to the list of standard patterns of the program (text file
'std.txt"). It is equal to of figure 5.6.

Save | t  cr e at @ssd.txohitwihé aictlabdata record information in the directory
of the program.

tInfa.i  Displays the full content of the original database record:

£.48378 NO10772052 F  A77Z053C1l A
0.oooo2 1 & ATPEQNIICE
Fu-3m ZZE 4 2,179 163,11 ATEZOS3CE
Fu-3m ZZ5 4 3.164 3,173 75.08 163.11 A77TZ053C4
I M FIZ ATTFEZOIICE

Calcium Flucride F 1A77Z203306 W

i ksl \\/hen checked, and click the button , the difference diffractogram
between the experimental and calculated patterns is drawn.

mkiaeabeed\\ hen marked, the results list will apply to all diffractograms loaded. This option
can be also selected on the main screen.

Home
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Chapter 6. Quantitative analysis by RIR (Reference Intensity Ratios) methods.

Preliminary: The phase quantification by X-ray powder diffraction methods is a complex process due to factors that
mainly depends on dealing methods used in the diverse laboratories. Factors such the alignment difractometer, type
of slits, linearity in the response of radiation counters , uniformity in the size of grains of the sample, orientation linked to
how to prepare the sample or the habits, etc make many published results are of an error greater than the one
intended. Spectacularly wrong can be some results based on the measurement of the intensity of a single reflection
corrected by factors of proportionality, in some cases obtained by different laboratories to own or taken from literature
(‘Easy quantitative Analysis'). Other more sophisticated methods, including the Rietveld method, can provide more
precise solutions, but require an exquisite care in sample preparation, registration and in parameterization of
diffractogram models, both instrumental and structural components. XPowder uses non-linear least square methods for
full diffractogram opposite of a weighted combination of diffraction diagrams taken directly from the database (another
method that will explain later -Chapter 7- is based on adjustment for diagrams Experimental patterns). It was
subsequently corrected, within the possibilities it raises awareness of the pure phases, factors such as components and
amorphous absorption. The same definition of ‘component amorphous global' (Global Amorphous Stuff) should be taken
in any case as an approximation to a reality that is described with difficulty. By using all reflections of each component
makes it minimizes effects such as the preference orientation, but there is no doubt that not just the problem completely.
So it is desirable, select those standard cards that fit the diffractograms, among the possible solutions found identical. It
is very interesting in this sense to use the option {Skip duplicates|, as the program adjusts the best database records
among identical results. No less important is the election of appropriate RIR factors because they involved directly %
weighting of each phase. Finally XPowder indicated that performs the calculations properly, according to well-
established methods in general treaties of Statistics and Crystallography, so the quality of the final quantifications
depends only on the modes of operation of each user.

Beginning with the 2004.3.1 update, XPowder incorporated into the professional versions a
powerful tool that allows precise quantitative studies done by methods of nonlinear least
squares on a full profile of the full diffratogram and that takes full advantage of the information
contained in the database records. The analysis can be conducted on a isolated specimen or
groups of up to 50 samples simultaneously. The weighting is achieved with the standard
method RIR (Normalized RIR Method), described by Chung (1974: "Quantitative interpretation
of X-ray diffraction patterns. I. Matrix flushing method of quantitative multicomponent analisys.
Jour. Pf Applied Crystallography, v.7 , 519-525). Another method much more accurate
quantification will be explained in Chapter 7.

Although the initial versions, the amorphous components were excluded from this quantitative analysis, the program
XPowder has the ability to generate a pseudo-RIR factor for the Global Amorphous Stuff that is optimized for each type
of overall chemical composition, so that the program uses the ‘experience’ of previous analysis and optimizes the ratios
as an ‘historic' (this must be taken into account in cases where the program optimizes your values in the midst of an
experiment in quantitative analysis, in which case it is recommended repeat all the calculations made in the same
session). The pseudo-factor of amorphous RIR is calculated from statistics that include the standard deviation of the full
accounts of the diffractogram and the relationship of 'accounts crystalline / background accounts', from an initial value
definable preferably in each lab. The results of analysis of amorphous mtanto are more valid in terms of analyzing
samples of similar composition. The results are better when amorphous samples are similar composition. The results
areinval id in any case when the crystalline comp o s-Diffracbon
Met hodé t hat i nv absergtien mass toefficierdstofieach compgorent and the total sample. The latter is
calculated on the composition of the departure from the standard method RIR. The automatic use of these methods
assumes that the database contains the chemical composition of each phase. In other cases XPowder provisional
values assigned to the parameters m / r, which can be modified by the user. The composition (C;) of the component (i) is
obtained in the mixture (s) from the fraction of the mix function (X;) of each partial diffractogram, which is obtained by
non-linear method of least squares (Heavy optional) on the full profile:

Ci: Xi (m/),ﬁ(m /)Sr
2q instrumental deviations optionally can be corrected during the refinement process.

The procedure that the user should be further simplified to the maximum, because it is not
necessary to sample preparation patterns or the construction of curves and abacus for obtaining
the weight percentages. The only requirement is that the database records used in the
evaluation include information on the chemical composition and value of the RIR (Reference
Intensity Ratios), which is customary in the latest versions of PDF2, but are not included in the
database DifData-AMSCD database. In another case, these values can be added by the user
with data measured in the laboratory or estimated from samples of known composition. The
quality of the results is generally good and depends only on the quality of the diffractogram, the
database patterns, the value of the RIR and its universality. It is always preferable to use mixes
of patterns and corundum with particle size of 20 mm to about 50% by weight and measure own
RIR values.

The protocolose shown in the following example (corresponding to the sample C. PLV of the
sub-directory \ EXAMPLES that is installed with the program):
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1. We must never subtract background (this will differ in recent versions of the program of

previous ones).
2. It should be read automatically or manually peaks of the diffractogram pattern in order to calculate the d-spacing of
the most accurate manner.

3. We have to make a correct identification of crystalline phases and select them R in the
window of tool 'Matching' (see Chapter 5, Figure 5.7 and 5.8).

4. We must come to the window of quantitative analysis (Fig. 6). This can be done from the tool
‘Matching' (- Ruantitativ |) or from any other part of the program (for example, Menu on the main
page -> Quantitative -> LS RIR Database cards).

1N qurelliwimn  WilBasmnst bk Iovis snmrsal & Soepte puvmantors  Mie losctin (00 and B alabal siiippivg  Maigrased

| | ‘;.
|
MY |
|

| iy | Vi

i | | 1 | ‘ H A 4 J 1’ '\ ) I“ L} A

—= N 1] ) ) | f | M ,"» N, WA | 9/ ¢ . ’ -

a1V VI Bl AR ||| YIS o\ o
Hamdnsme ansiyns 14 (IS e v . v
FIESEOCIESTTICTS ™ - B ] e R IS T ] r— e

e — R ) L RO T ) el
‘ N » s el “arm N -
- =| -
fimss  emiime e e 22 e SSony 2
Figure 6.1.

5. The tool of quantitative analysis appears as in Figure 6.2, showing the previous results
obtained directly from the parameters that the program has a default. RIR and m/ RIR values
are calculated and incorporated automatically from the content of the database. If any of these
records is not the factor I/ICor, the program assigns a provisional 1. Subsequently can be
changed by the user to appropriate values, obtained in the laboratory or from literature. The lack
of data density and chemical composition is also approach by the program.
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Quantitative analyzis : F4
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—

Patternz = 4 Global wp=g64  crfg! R-according factor=  0L0187 (o]

Figure 6.2.

In any case, you can always modify the values of the parameters RIR and m/ for each type of
composition (including the amorphous pseudo-RIR value) and recalculate the quantitative by

pressing "”“"“‘“‘”I . Right part of this button performs the simultaneous analysis of all the
loaded in computer memory diffractograms (50 maximum). All data are collected in the archive
(logfile.tmp) that can be saved at any time from the menu "|Fi|e—> Save Log File as TXT|‘.

Figure 6.3.

Description of the RIR tool (Figure 6.2.)

C:YPowder\SAMPLE S . phy -

This is the file of the active diffractogram. Can be
changed by clicking ~lin the text box.

Eackgreund carr | Actuzlinkerval | Weight data [ Kalpha2 [ Refine 2-theta |F| 3 Inka graphic [ Trakisticz [w

By checking the boxes are made respectively the following:
9 It takes in account the background in according factor calculation
1 Adjust the analysis to the current range of 2q.
1 The experimental data are weighed accordingtow = 1/ &@&Count s
1 Ka, 2is included in the calculation of the profile function and the graphics (does not
affect the quantitative analysis).
1 The D-space values of the database patterns are refined
¢ Statictis are Included 'Log file' and graphical output.

Qffset [w Blax affset 015 Ilax R 0
_ | 05 | 0
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If checked, 2q experimental pattern offset is refined. Maximun 2q offset must be =
value. According R for convergence is

R-according factor= 00187 It is defined as::

R=FE{w(lo-Ic)/Ewlo

To obtain good values of R is necessary to use those cards in the database whose intensities
best fit our experimental diffractograms. The best results are obtained with their own records
(mydatabase).

5et-Fil|Phase name Q|Fract| RIE. (% W Unc Ab|mfrho % W Xtal|% W Xtal+h
231530 LI0_ez20f Z_ 50 E1_V(EZ.6)| 4.9 Z0.8(Z.8)| 1l8.6(Z_3)
212027 ICalcite. swvh L1l _oool 2 200 Ze_ 901 4] 3.9 Ee_&50l.4)1 EZ3_6(1_Z211.

Head of quantitative table of active experimental pattern. First column = Set (two digits) and file
(four digits). Second column =phase name. Third column=(1) if phase will be quantified, and O
for no analysis. & r a colurdn shows L.S. fractional composition of reference phase ( 0 to 1.
&RIRGsimilar to dreference Intensity Ratio6of phase reference, for all experimental pattern. Must
be experimentally measured and can be edited and saved.8 W Unc Ab&% weight uncorrected
for absorption. dnu/rhoé masic absorption coefficient calculated from chemical and density
values of database record. % W Xtal column shows % weight (Sum= 100%) of crystalline
components. Last columns is equal from previous but includes an stimated global amorphous
stuff % , obtained by:

E {10i)/N)2 + s}

RIR factors must be measured experimentally on the diffractogram of an artificial mixture,
whose components are known weights. Among these components must have a stable pattern,
common to all samples to be analyzed (quartz, fluorite, NaCl, corundum, CeO, BgLa, etc). After,
a prior quantitative analysis is done with XPowder, using initial RIRphase Values equal to one.
The final RIRyhase factors are determined for each component according to:

RIRphase= (% W Xtalnhase/ % W Xtal reference pattern) ' (W_eigmmg)_reference pattem/ W_eigmmg_)_phase)

The first two factors are obtained in the penultimate column of the output table of prior
guantitative analysis and the latter two are the real weights of each component used to prepare
the artificial sample. The calculated RIRynase Values can be then used in future analysis in order
to obtain absolute percentage results. Note that only need to use an artificial mixture for each
paragenesis.

Across the table shows the standard deviation in brackets after each outcome.

Tools Laad | Save | Add | All | |:|E'|| ".-."iFIE'| Unik cell | Mlix Fun|ﬁ:\r Pen[bars](2

ﬂ Allows loading specific configuration parameters for each type of samples or associations,

that has been previously saved Withlﬂl. This latest order allows you to create specific
configurations of usual samples.

Iﬂl It allows you to add manually database records to be weighted in the quantitative
analysis. It is necessary to know before the reference (SetandFile) of each record.

Iﬂ Select, or discarded, alternately all database records from the list of quantitative analysis.
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| wire| Clears the list.

Lumit=et] it-cell refinement using active reference phase pattern.

JM The theoretical and difference patterns, based in the database cards, are calculated from
the quantitative composition. The program uses the active profile parameters (Caglioti
parameters and pseudo-Voigt average profile function). The calculation does not include
asymmetric peaks, but the effects of the lack of monochromatism of the radiation.

2 :" Allows you to select the color and size of the pen bar of the active database
record (orange horizontal bar in the example in Figure 6.2) who is drawn in the diffractogram
pattern graphic (Figure 6.3).

——]

IEI The program makes quantitative analysis with the current parameters are listed in the

table (as in Figure 6.2). Right part of this button performs the simultaneous analysis of all the

loaded diffractogram patterns in computer memory (50 maximum). All reulsts are collected in

the archive (logfile.tmp) that can be saved at any time from the menu "|Fi|e—> Save Log File as|

'. It is assumed that they all have the same qualitative composition, although it admits that

some component has zero % in composition), as shown

Quantitative section based on PDF2 cards
Sample=C: \ XPowder\ SAMPLESA.plv
Card | Phase |RIR - %Weigth |Mu/rho %Weight

77- 2093 | Fluorite, syn [03.80 - 01.9(0.6) [0115.2 - 01.8(0.8) [01.8(0.8)
77-1904 | Gypsum - -Ca |01.70 02.1(0.6) [0060.8 - 01.8(0.8) [01.8(0.8)
77- 0529 | Celestine - |01.90 - 26.5(0.8) [0082.6 - 24.7(1.0) [24.6(1.0)
77-1378 | Barite - -Ba [02.80 - 69.5(9.4) [0286.4 - 71.7(7.7) |[71.4(7.7)
Global amorphous stuff  [00.55 «:--cooeeee|ooeeeeeeeeeeee 100.4-----
A.plv: R - according factor= 0.0274
Density= 4.281(g-cm -3) WwDx of the mixture= 224.3 cm?-g -1
Sample=C: \ XPowder\ SAMPLESB.PLV
Card | Phase |RIR - %Weigth |Mu/rho %Weight
77- 2093 | Fluorite, syn 03.80 - 15.2(1.7) |0115.2 - 14.9(1.7) |14.8(1.7)
77-1904 | Gypsum - -Ca |01.70 - 15.9(0.6) [0060.8 - 14.3(0.8) [14.3(0.8)
77- 0529 | Celestine - [01.90 - 32.5(1.4) [0082.6 - 31.5(1.4) 131.4(1.4)
77-1378 | Barite - -Ba |02.80 - 36.5(7.6) [0286.4 - 39.3(6.3) |39.2(6.3)
Global amorphous stuff  [00.55 ««xeeveeeee]erreeeennnns -100.4--
B.PLV: R - according factor= 0.0303
Density= 3.808(g-cm -3) wDx of the mixture= 158.4 cm?-g -1
Sample= C: \ XPowder\ SAMPLESc.plv
Card | Phase |RIR - %Weigth [Mu/rho %Weight

77- 2093 | Fluorite, syn [03.80 - 30.8(8.4) [0115.2 - 31.0(7.0) |30.8 (6.9)
77-1904 | Gypsum - -Ca |01.70 - 24.7(0.7) |0060.8 - 22.8(0.9) |22.7(0.9)
77-0529 | Celestine - |01.90 - 27.4(1.3) |0082.6 - 27.3(1.4) |27.1(1.3)
77-1378 | Barite - -Ba [02.80 - 17.1(0.9) [0286.4 - 18.9(1.0) |18.8(1.0)
Global amorphous stuff |00.55 «eveeveennns Joreeeeeenes 1005+
c.plv: R -according factor= 0.0207
Density= 3.439(g-cm -3) WwDx of the mixture= 122.0 cm2.g -1
Sample= C: \ XPowder\ SAMPLESD.plv
Card | Phase |RIR - %Weigth |Mu/rho %Weight

77- 2093 | Fluorite, syn 03.80 - 13.0(1.9) [0115.2 - 12.7(1.8) |12.6(1.8)
77-1904 | Gypsum - -Ca |01.70 - 16.8(0.6) |0060.8 - 15.1(0.8) |15.0(0.8)
77-0529 | Celest  ine - [01.90 - 33.0(1.5) |0082.6 - 32.0(1.5) |31.8(1.4)
77-1378 | Barite - -Ba [02.80 - 37.3(7.4) [0286.4 - 40.2(6.2) |39.9(6.1)

Global amorphous stuff = [00.55 ««wevvvveee]ervieeeinnnns +100.6---

D.plv: R - according factor= 0.0263

Density=3 .817(g-cm -3) u/Dx of the mixture= 159.2 cm2.g -1

Summary of quantitative analysis of crystalline components

Sample Fluorite, Gypsum  Celestine Barite R-acc Densit C.Mas
A.plv 01.8(0.8) 01.8(0.8) 24.7(1.0) 71.7(7.7) 0.0274 4.281 224.3

B.PLV 14.9(1.7) 14.3(0.8) 31.5(1.4) 39.3(6.3) 0.0303 3.808 158.4

c.plv 31.0(7.0) 22.8(0.9) 27.3(1.4) 18.9(1.0) 0.0207 3.439 122.0
D.plv 12.7(1.8) 15.1(0.8) 32.0(1.5) 40.2(6.2) 0.0263 3.817 159.2
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Summary of quantitative analysis of crystalline compounds and amorphous stuff

Sample Fluorite, Gypsum Celestine Barite Amorp R - acc Densit C.Mas
A.plv 01.8(0.8) 01.8(0.8) 24.6(1.0) 71.4(7.7) 00.4 0.0274 4.281 224.3
B.PLV 14.8(1.7) 14.3(0.8) 31.4(1.4) 39.2(6.3) 00.4 0.03 03 3.808 158.4
c.plv 30.8(6.9) 22.7(0.9) 27.1(1.3) 18.8(1.0) 00.50.0207 3.439 122.0
D.plv 12.6(1.8) 15.0(0.8) 31.8(1.4) 39.9(6.1) 00.6 0.0263 3.817 159.2

End Quantitative section

In addition to the tool of estimate quantitative, a table is shown with the active database card
(Fig. 6.4).

Two theta offzek Mlode e d-spacing Int [22]
jj -nnzon [EESet ]| | o~ ProfileiZoom ¢ Braga 6466 | 53792 [0z
Database

t« POFZ2  AMCSD ¢ Mydatabase

Current pattern

Mlarme |DDIDmite - -Caleium Magnesium Carbonate k] | Sid | Save |!
Chemical |Ca Mg [C 032 ]2 CZ Calig OF IMzor Iﬁ
Set l? Fil= lﬁ Subfiles |-Inchrganic -Mlineral -Corrosion pr O | 245 Measured IT
Crystal system Im Space group | R-2 [ 145 a axis |4_312 o |30
Anode IT Crystal caolar | 20 b anis |4_312 a8 |3|:|

Larnbda| 15408 Fattern quality |E |.ﬂ-.cti-.-erecord caHiS|1s.02 % |120

Figure 6.4.

This card is very similar to that described in Chapter 5 (Fig. 5.9). It also added to the pattern
graphic hkl indices of the identified phases (Fig. 6.3) with the button  hkl manually correct the

2 gerror and alternately working in mode 'Profile Analysis (Chapter 8), or edit mode Bragg’s
M

Auxiliary buttons

sy e

»-.jS‘v:r-m.-.s'..‘uz-ln,.....'c,..a.-rv.m | o Bl mnal a0 | 1] ¢ 2 2<[THA, JI'-IHP.,I:' v M e

The first nine buttons have the same significance as in other parts of the program. They are important on this page l-l|
(Kazstripping) and ":U background subtraction).

%7 Move the diffractogram pattern to the right or the left.

*< Decreases the zoom level.

| b |
g Performs analysis profile of reflection marked with the left mouse button.

Show hikl
&l Curent card

pattern.

Choose which hkl index are shown on screen when it stops the cursor on the graphic

Home
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Chapter 7. Quantitative analysis using experimental standards.

This is the most accurate way to quantify phases through X-Ray diffraction by the powder
method. However requires a careful handling of samples, both of which are used as standard as
those that are analyzed.

The method requires the record of diffraction patterns of pure crystalline compounds with the same
composition and similar crystallinity to those present in the speciment. When the quantitative analysis is
performed, the program makes an adjustment for non-linear least squares to find the mix of diffractogram
standard patterns to the experimental pattern.

If the crystallinity among the specimens and standard patterns are very different, it is desirable
to make records with different crystallinity patterns. The program will make the weighting of
each of them, as if they were separate phases. May also be included diffractograms of
amorphous substances for global quantification of them in the analyzed mixtures. The use of
internal standards of known weight (eg 10% of corundum Al,O3) allows absolute quantitative
analysis.

During the analysis the 2 cdisplacement and the mass absorption coefficient are refined. Data
must be statistically weighted.

Once obtained the diffractograms standard patterns, it is easy for serialized quantitative
analysis with a precision that is generally higher than those obtained by Rietveld methods or
RIR-database based correction.

The quantitative analysis are more accurate when made with care the following:

1  The volume of standard sample and specimen used in all registrations should be the same. An minimum % of
Internal standard compound can be artificially added to the specimen.

1  The pressure of compaction of crystalline powder should also be similar.

1  Itis necessary to use a stable sample pattern to control the derive of the X-Ray meter. The best thing is to
use is a pressed tablet having similar absorption coefficient which samples to be analyzed, wherever possible.

1  The same radiation, monocromatization system, set of slits, detector and values of discrimination of the
detector should be used forever.

1  The diffractograms of the tablet pattern and the standard patterns should preferably be in the same session.

1  Where then is necessary to create new standard patterns, must be measured also shows stable tablet
pattern, in order to correct derive or decay.

1 The historic change of intensity is corrected by a factor, which is the ratio between the two measures (lo/lnew)-
To this value, you can use a single reflection, or rather the cumulative intensity of several reflections and even
entire diffractogram.

1  Exceptionally, they can be used calculated diffractograms from the crystal structure, through programs such
as Cerius, Mercury, etc., whenever possible to normalize the intensity by a appropriate factor.

Access to such analysis is done from the main menu with the command:

| Quantitative -> SL Experimental Patterns|

LS expetimental patkerns Edit/Create group
E L5-RIR Database Cards Select group

There are three subcommands ( Eilit/Create groupd Sele6t groupd  aAndlyzed, which will be
as follows:
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[Edit/Create group|

4 Least square quantitative analysis

Current lizt file: wderhPatrones04 LST
Common parameters todel diffractogram parameters

Select pattern

2-theta ini 200 Label |Quartz ﬂiﬂ
2theta step [Tpo2 Mu[em| 91-391  Bhofgeme) | 2643 sl | 1.055

Sig

Wavelength 15408 ENl Ma0e || Del | Acoept

Global scale | 100
File |E: YPowdertS amples'_RIRMIuartz PLY E xamine |

Cancel

Sort |

Figure 7.1.

To open and edit a previously created file that contains group of crystalline and, or,
amorphous phases. These files are text format ( 'ascii’) and the extension . LST'

[Save] It allows to save a group phases for later reuse with :

Cancel Return without any operation.

New| Lets create a new group.

Exit| Return to the main screen, after requiring the recording of the group created.

Dell Erase data from the active compound whose order number appears in the box under the
message ' Select compound6 .

Acce?% Accepts the selected pattern. Equivalent of pressing the right arrow.

Examine| Lets explore the computer disk drives to locate the file of the standard substances
(Barite.PLV in the example). When you load the file, the boxes : and
%arameters are filled automatically. These should be identical for all phases listed. The figure
Global scale|is 1 normally but can be modified with the same approach that the term |Scale),, as
shown in the following paragraph. All the boxes may be edited, but [2-theta ini, [2-theta step| y
and must coincide with those of the corresponding specimen diffractogram
patterns.

The values of lineal absorption coefficient Mu(cm™) |, density Rho(g-cm ™), [SET| and [CARD| are
optional, and should be entered manually. If the first two are not introduced, is not performed
the absorption correction. CARD and SET are used to superimpose the reflection graph bars of
the database records. The value of box is 1 normally. Must be modified if the search
pattern has been made after observing a variation of the intensities of the tablet standard
sample with respect to other historical patterns used in the same association.

The left and right arrows  (framework [Select compound |) let go through the list of patterns, or
introduce a new one.

Figure 7.1 shows, for example, the fourth compounds (number 25 in the |Se|ect compoundl
frame) for a association which includes all the possible data.

Select group

Lets explore the disks from the computer to select a file (LST) created with 'Edit / Creat group'.
Once loaded, the same group can be invoked repeatedly by using the menu or the

button E] on the main screen.
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£y Least square quantitative analysis

Ll s _FlE . ED
Biotite 1.779 C:\<Powder\Samplest_RIRBiotite. o we'_ght data & Fentforeonuergznce |0 OpT
Camantmarillorite 0.959 C:{PowderSamples R IE REMEBYED MR eierHEs | T Cancel
v| Calcite 1.028 C:\<PowdertS ampless_RIR\Caloite AbsaIPLaar  njt whale mass absorp [ £g _
Celesting 1 C<PowderS amplest_RIR\Celestine. P " Fiitting 10022 5§  Selected standars Exit
" D:urun;lum 1 I::'\XF'owder'\Samples'\_HIFl\EDrundum.F 0 i Free weighting or ‘Internal standard Al
Dalamite 0569 C:'<PowderSamplest_RIR\Dolomi 0
v FEId VT 0,899 C:\<PowderSamplest_ RIRMWFED W
Fluorite 0848 C\«<Powder\Sampless_RIRFluorite Z-thetaini 3.00  Step 002
v| Gypsum 0.956 C:\<FowdertSamplesh_RIRAGypsur s W awelength 15406 Global zcale 1
Figure 7.2.

The list on the left shows the components of the association and the files it contains
diffractograms standard patterns. You can select (R) part or all components of the list (Order
All). If you have entered the values of the absorption coefficients and densities, you can tick
[Absorpt cort]. You can also refine the mistakes of shifting angles 2q (Refine 2-theta). You can

also weight the experimental data ( check box Weight data )).

Maximun number of cycles. Limits the number of least squares cycles.

|d R-Int for convergence| When it reaches this divergence value , the analysis stops even have
not been completed cycles. Smaller values provide more accurate results.
results.

Init whole mass absorp . Initial estimated mass absorption coefficient for the specimen. It can
be manually modified.

Lets leave the quantitative analysis.
. Cancel any operation, and leaves the quantitative analysis.
Makes quantitative analysis.

Analysis options: There are two different operating modes.

1. fe" Fiiting 100 The sum of components are 100 % fitted.

2]

2.1. Without internal standard (Free weighting): If not selected any internal standard (none),
diagram calculated will be fitted in accordance with the experimental, but the results have a
relative nature, generally do not total 100 (Figure 7.3).

In turn provides two options:

24 Least square guantitative analysis. Cycle 3 R-Int = 0.00879

Statistics: Cycle 3. According Factor= 0.00873  Root-mean-zquare enar= 0.00119 Abzorption correction=Y'es

Composition o Hide
Eentonite 16.3 | 0.4 [
Calcite 097 {oo_a) Esit
Corundun 44.5 (0.1}
FEld Vi 1l.4 { 0.1 e
Gypsun 11.4 (0.1} diff Dif
Suam = 093 2 fo.7

Repeat

Aocording factor= 0_00873 Defined as Sum[[I{o)-I{c)]"Z]/8um[Ifo)"E]ln"p (n=d:—
Pelatiwve Root-mean—-square error= 0.00113 ¥ PDF [

Figure 7.3
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2.2. With internal standard. You can select from a list of components whose weight is known as
internal standard (48% of corundum in the example of Figure 7.4). You can use a component of
the mixture itself or added artificially.

£/ east square guantitative analysis. Cycle 3 R-Int = 0.00879

w| Calcite 1.028 ChPowdertSamplezt, RIRWCalcite a I Go
Celestine 1 C\XPowden\Samplest_RIF\Celestine P || 17, Weishtdata & Fntfor cenuergence [ gy _Go |
™| Corundurn er'Samples “Corundum W Refine 2theta  Mainumber of cucles 10 Cancel
Diolomite 0.569 CPowderthSamplezt_RIRYDolomi [ ABSOPEON (i ol mass abzorp lm :
w| FEId_\C 0.899 C:w<PowderSamplez'_RIBWFEID_ Y (™ Fiitting 1003 &  Selected standars Exit
Fluarite 0.848 C:"<PowdertSamples_RIRWFluorite P p—— i
v Gupzum 0.956 C:+PowderthSamplezt RIRWGupzur orundum
Halite 0.739 Cw<PowdertSamplez'_RIF\Halite f E—
Hematites1 4082 CPowder\Sampless_RIR\Hemati 2-thetaini 200 Step 002
F.aolnte 1 CAxPowdertSamplest_RIRNW aolinite. L » W avelength 15406 Global zoale 1

Figure 7.4.

To select the internal standard, you double-click on the appropriate line of the list (Corundum in
the example), or on the box . In the latter case the active compound is selected
from the list. A new double-click on this box, discarding the internal standard. The quantitative
composition (48% in the example) must be entered manually. The result of the analysis will be
absolute in this case (Figure 7.5).

Statistics: Cycle 3. According Factor= 0.00873  Root-mean-square ermor= 000119 Abzorption carection= Tes

Composition s Hide
Eentonite 17.6 1 0.4} I
Calcite 10.4 [ h] -
Corundun 4z.0 (0.1}
FEld VG 1.3 ¢ 0.1} saee Il
Grppsuam 123 [ ] diff Dif
Buam = 1ao.7 [

Repeat

According factor= 0.00273 Defined as Sum[[Ifo)-I{c)] 2]/ 8mm[I{o)*Eln"p (n=d:—
Lelatiwve Root-mean-souiare error= 0.0011%9 ¥ PDF[

Figure 7.5.

The results (Figure 7.6) are displayed in the main graphic above and to the left. They include
statistics and some auxiliary parameters obtained during the process. The calculated pattern
(mix function) is shown with red dots overlapped by the diffractogram. The difference between
standard and experimental diffractograms are shown in green at an height of close to 10% on
the main screen and a 80% on the auxiliary lower pattern.

The header of the results screen (Fig. 7.5) shows the number of cycles performed before
convergence, the factor of agreement, the mean square error final and informs us of the
absorption correction.

The agreement factor ( According factor) is defined as:

According Factor = {nS[ W( lo-1c )2] / nSW [ |02] }-n-p

where |, are observed intensities and I, calculated intensities. n = number of experimental
points, p= number of standard patterns. n-p is constant for a each experience and it is used
only for scale purposes.
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Minimizes the floating screen of figure 7.6. It's like you press the button D

Lets leave the analysis.
Save diff Dif | Lets save the difference pattern in PLV format.

Lets repeat the analysis. The program leads to the figure 7.4.

If you have filled the boxes |[SET| and [CARD| (Fig. 7.2), and check the box [PDF|, the bar
graphs of the database are displayed on the main screen.

A rremreRsiaeeilindhidines [PV RTVITYVV W E5 SOV TRETIIN Ty WoTT 00 [V W TRgow iewreow w - q34

E22C L LEEMENETTTEFEST [T LN BT TR .

| =
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"
[edme
' o sw— ASELITIMT  BIEEN B o oty i
am W s u 3
e e T M e
[ e hecees g N e

tren 0] iy

Figure 7.6.

Graphic dizplay
[ d-walues [ hkl Frrint quantitative
[~ Bragglines Baszed standards
[ Current  [W Checked @ Difference
[ K Beta pointer
[ K Alphal-2 pointer
[ Awerageandst  *Temperature shift | [

Figure 7.7.

1<l

The options on the main screen can be used (Fig. 7.7) to draw the desired details on the diffractogram graph. In the
example has been marked |Checked| to display all the patterns selected in the tool Matching. It has been unchecked the
box Based standard§|, not to be mixed on the screen the results of quantitative analysis with the names of the phases of
the database. Many other alternatives are possible.

Note that we can perform a quantitative analysis regardless of one or more phases. In these
cases, the difference diffractogram lie only to'experimental' stage of non-quantifiable phases.
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Thus, we can save this difference file and use it later to analyze individual profiles, for example,
with results generally more accurate than those obtained by deconvolution techniques. Figure
7.8 shows a quantitative adjustment as shown in Figure 7.6, which has excludes one of
components (Bentonite). The diagram of differences, in blue, displays the diffractogram of the
pure bentonite, which can then be studied separately (figure 7.9). Some peaks of other phases

can not be completely eliminated and appear in the difference diffractogram as residual sharp
reflections.

Figure 7.8.

Figure 7.9. Detail of the difference diffractogram corresponding to Figure 7.8 where you can
appreciate the isolated pattern of bentonite.
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The partial results and other calculation details are displayed on-screen text of a yellow
background (Fig. 7.6) and are recorded in the ‘'log file', as shown in the following list:

Least squares quantitative analysis Section. Sample: C: \ XPowder\ SAMPLESD.plv
Full profile refinement method
Standard's file= C: \ XPowder\ Salts.LST

Historic Global Scale Factor= 1.00
Begin cycle 1

Accomplished 2 - theta angle correction

Direc t coefficients matrix divided by 1000:
00340479 00219720 00007577 00017374
00219720 00469209 00029085 00025070
00007577 00029085 01140231 00009856
00017374 00025070 00009856 00303487

Inverse coefficients matrix (x 1000000):
0.0042  -0.0020 0.0000 -0.0001

-0.0020 0.0031 -0.0001  -0.0001
0.0000  -0.0001 0.0009 0.0000

-0.0001 -0.0001 0.0000 0.0033

Correlation coefficients matrix:

1.0000 -0.5481 0.0119 -0.0212
-0.5481 1 .0000 -0.0389 -0.0434
0.0119  -0.0389 1.0000 -0.0144

-0.0212  -0.0434  -0.0144 1.0000

Acumulated Counts for observed diffractogram = 51166

Acumulated Counts for calculated diffractogram= 36637
Composit ion

Barite 52.9 (0.3)

Celestin 27.5 (0.3)

Fluorite 09.1 (0.1)

Gypsum 10.6 (0.3)

Sum = 100.0 (1.0)

Density 3.989(10.040) g-cm -3

Linear absorption coefficient 58.465cm -1

According factor=0.05130 Defined as Sum[[Int(o) - Int(c)]"2)/Sum[Int(0)"2]
Relative Root - mean- square error= 0.07933

The percentages have been calculated weighing the data.
The selected composition is unsuitable or inco mplete
Absorption correction= Yes

Begin cycle 2

Accomplished 2 - theta angle correction

Direct coefficients matrix divided by 1000:
00340479 00196180 00008363 00015846
00196180 00456333 00030140 00025144
00008363 00030140 01139641 00010019
00015846 00025144 00010019 00325783

Inverse coefficients matrix (x 2000000):
0.0039  -0.0017 0.0000 -0.0001

-0.0017 0.0029 -0.0001  -0.0001
0.0000  -0.0001 0.0009 0.0000

-0.0001  -0.0001 O. 0000 0.0031

Correlation coefficients matrix:

1.0000 -0.4962 0.0088 -0.0176
-0.4962 1.0000 -0.0398  -0.0473
0.0088  -0.0398 1.0000 -0.0139

-0.0176  -0.0473  -0.0139 1.0000

Acumulated Counts for observed diffractogram = 51166
Acumulated Counts for calculated diffractogram= 37131

Composition

Barite 54.6 (0.7)

Celestin 25.8 (0.6)

Fluorite 08.7 (0.3)

Gypsum 10.9 (0.6)

Sum = 100.0 (2.1)

Density 3.994( 0.084) g-cm -3

Linear absorption coefficient 59.394cm -1
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According factor= 0.02407  Defined as Sum[[Int(o)
Relative Root - mean- square error= 0.07685

The percentages have been calculated weighing the data.
Absorption correction= Yes

Begin cycle 3

Accomplished 2 - theta angle correction

Direct coefficients matrix divided by 1000:
00322047 00196784 000 08635 00013832
00196784 00469212 00029085 00026019
00008635 00029085 01140231 00010886
00013832 00026019 00010886 00325783

Inverse coefficients matrix (x 2000000):
0.0042  -0.0017 0.0000 0.0000

-0.0017 0.0029 -0.0001  -0.0002
0.0000  -0.0001 0.0009 0.0000
0.0000  -0.0002 0.0000 0.0031

Correlation coefficients matrix:

1.0000 -0.5049 0.0070 -0.0106
-0.5049 1.0000 -0.0369 -0.0515
0.0070  -0.0369 1.0000 -0.0153

-0.0106 -0.0515 -0.0153 1.0000

Acumulated Counts for observed diffractogram = 51166
Acumulated Counts for calculated diffractogram= 37711

Composition
Barite 49.4 (0.7)
Celestin 30.6 (0.6)
FI uorite 08.9 (0.3)
Gypsum 11.2 (0.6)
Sum = 100.0 (2.2)
Density 3.963( 0.086) g-cm -3
Linear absorption coefficient 56.124cm -1
According factor= 0.01662 Defined as Sum[[Int(0)

Relative Root - mean square error= 0.07821

The percentages have been calculated weighing the data.
Absorption correction= Yes

___End cycle 3

Home

- Int(c)]"2)/Sum[Int(0)"2]

- Int(©)"2)/Sumfint(0)"2]
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Chapter 8. Pattern stacking. ( See aMSloNNd yvIAYy I RATFTEM OlA2Yy

WHomogenization of @scan intervals and stefm New features of ver 2010.01.230

XPowder can work simultaneously with a maximum of 50 diffractogram patterns. In this way, is
also highlighting aspects that are not seen when working with isolated diffractograms, such as
phase transitions, composition or crystallinity. The program allows the representation in
perspective (3D) and by projection with level curves and, or, false color (2D).

To enter the 3D display (Figure 8.1) uses the button ﬁ or the command 'Stack' from the main
menu.

[Vt i S ieg v (NI - -

Figure 8.1. 3D Visualization of a sequence with a recorded temperature variation.

The blue bar from the list on the left shows the diagram of the main screen active and can be
changed by clicking on the list with the left mouse button. Fields marked (R) correspond to the
patterns that are drawn on the figure. It can be selected manually.

The tool can control the direction and depth of the third axis (Z) by dragging the

ii 4 KA
red dot on the small screen of a blue background. The buttons ##|, Lt++1 and =2 set to zero
displacement of the axis vertical, horizontal or both respectively. - modify the sensitivity of

the drag of the mouse on this screen. - change the height of the patterns, enabling the
stack as the figure of 8.4.

The tool | Graphics options | selects the items shown in the graphic (axes, background, labels,
etc.) or highlight the active pattern (| Emphasize active |).
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Figure 8.2

In figure 8.2, have used a gray color palette (.), a blue background (g) and has set the

active chart with a specific color ( yellow).

In Figure 8.3 has been removed to fund the entire package ( Bgnd |).

Figure 8.3.

You can use the tool, both in the 3D and in the 2D representations, in order to

graphically superimpose database records in experimental patterns. Figure 8.4 shows an

example in 3D (tick box ). In presenting 3D is necessary to put the horizontal scroll to zero (it
+

ok
can be used to the button Lttt
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Figure 8.3.

Figure 8.4 also shows the use of the tools in order to visualize a sequence of the
same diffratogram patters. The area of circles (red and green in the illustration) lets recognize
the peaks correspond to the relative intensities of each phase of the database.

Figure 8.4.
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In this screen you can enter only from the 3D display by pressing the button
2D The result is shown in Figure 8.5.

Figure 8.5

The colored curves, calculated by quadratic interpolation methods, show different scales of
intensity, as the key to the bottom, and can be scaled depending on the choice ([ Intensity]
to the value 100 of the respective partial patterns (Option ), at maximum value of
each diffractogram in the range of used 2q ( Option, is selected by default) or absolute (
). You can select a logarithmic representation (Mark | Log scale |)). Instead of isolines
can be used false color or both representations ( | Isolines | | | False color| or [Both Options).
Bgnd

You can also subtract/add background with the button

2q specific intervals can be selected by clicking and dragging with the left mouse button. 1:1|

and >%] buttons are used to extend the 2q interval.

Orders _Edriit | / _Hiii | aliowed to edit/hide the list of patterns used for the mapping, whose
file names are displayed in the right column of the chart.

The bar pattern of databases can be drawn, in combination with the tool 'Matching'. In this

sense, the button L allows the drawing/delete these same bars directly on the map of
intensities. The name of the crystalline phase and the hkl reflections index appear, when the
cursor stops on and maximum of the intensity map (Fig. 8.6).

| o [100 [125 | 1
Eotton Top Equidizt Smoath The values of minimum isoline, equidistance, maximum isoline and surface
smoothing (a value 0, produces no smoothing of the data) can be respectively introduced in these boxes.
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The button Iﬂl is used to redraw the map when a parameter or the list of diffractograms
change.

When a data PLV format type is used, including the parameter 'Temperature’, the column on the
left shows a temperature values (Figures 8.5 and 8.6). If a recording of patterns has been done
while the sample is heated and subsequently cooling has been recorded, it should tick , to
display the records in a historical arrangement and not temperature arrangement because, in
the latter case, the records obtained at the same temperature, during the ascent and descent,
they would appear together.

If the process is independent of temperature, the sequence of presentation list is the same used
to load the respective data files.

™ I8 Suha Ados
U ST I

- 113

[ESTR] e R Bl ]
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Figure 8.6. Change pf phase around the 110 ° C. A widespread loss of crystallinity is observed. This is
marked by the widening of the maximum that precede the formation of the higher temperature phase.
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Figure 8.7. Details of the previous figure. The indexes (001) of the phase formed at higher
temperatures are shown overprinted. The curve level of 50% (between yellow and green) marks
the evolution of FWHM along the sequence.

Can be noted that while the 3D presentation allows patterns with any data format (RAW, UDF,
TXT, etc.), with different exploration ranges of (2q angles initial and final) and even different 2q
steps between successive intensity measures, the 2D option requires all diffractogram
patterns have been registered under the same experimental conditions, because XPowder
uses nonlinear interpolation techniques for the drawing of the isolines and the calculation of the
false color requiring that restriction.

Makch Makch
By clicking on I Is obtained i~ . This eliminates the interpolation of data, which

involves creating maps of the previous figures and limited representation to the original patterns
(very similar to colored Debye-Scherrer patterns, Figure 8.8). The number (4 in the example of
the [ Match )) is the width of each diffractogram.
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Figure 8.8.

The button F¥==5 allows to do calculations of expansion coefficients. When the tool
is present, simply click (while press down the key) points of the map from
which you want to measure the thermal dilation coefficientf. Note that you can make a
measurement for each HKL direction, which allows studying the thermal dilation tensor (Fig.
8.9).
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Figure 8.9.
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Chapter 9. Unit-cell refinement.

XPowder has an advanced tool that allows comfortably the refinement of the unit-cell even if the

sample has several components. The initial parameters are approximate values a,b,c,a , dnd g .

The results include the optimized new lattice parameters with corresponding statistics and the
possibility to systematic study of extinctions of space-group and come to the study of the
existence of partial or total superstructures.

As is well known, these data from initial cell unit are very difficult to calculate from the powder
patterns, so that, wherever possible, it should be results obtained by methods of single crystal,
such as those that often of database records. If the substance has been previously identified
and the lattice parameters are included among the information in the database, such values can
be used as initial values. When the tools' Matching 'is present, XPowder read them directly. It
can also use the data ofcell isomorphic substances, even though the chemical composition is
very different. In other cases, it is sometimes possible to calculate ‘ab initio' of the unit-cell from
powder patterns, through the use of specific programs, which often use methods of "trial and
error ' to propose possible solutions (' TREOR ', etc).

If the box HF- ¥ (Human Factor) from the initial screen is checked, most of the refining process
is done automatically without user intervention, although this need not lead to better solutions.

Joao ‘Fr | = R 1 h 4 ~ -

|5kip the hurnan Fackor in unit-cell refinement if checked

XPowder uses a non linear least squares routine that allows the simultaneous refinement of the
lattice parameters a, b, ¢, a, b and g, and the instrumentals (horizontal and vertical)
displacement of the sample.

As a general rule, it is always preferable to devote some time to make the necessary alignments in the diffractometer,
rather than trusting the quality of results to the purely mathematical refinement of instrumental parameters. This is
because the number of parameters to refine (6 from unit-cell and 2 instrumentals) may be too high compared to the
available number of reflections. On the other hand, if the patterns are poor quality, it is possible that during the
successive refinement cycles, the parameters really interesting, ranging from too bad correct values and there is no
convergence in the overall refinement process.

Some parameters to refine, can be linked or fixed, so as to facilitate the calculation by using
smaller matrices. For example, if the a tetragonal unit-cell is refinded, the parameters a and b
can be linked(a = b) and the values of a ,b and g can be fixed ( a b=g= =). 8 toreover,
the diffractometer is correctly aligned, you can skip the instrumental correction, so that only the
cell parameters a and b are refined.

Other times, particularly when there are isomorphism or order-disorder phenomena, it may be interesting to refine a
unit-cell of high symmetry in a system of lower symmetry (for example, a crystal with initial orthorhombic cell can refined
in monoclinic system or even in the triclinic system). This strategy is often used in structures type spinel, perowskita,
garnet, etc.

Before making the refinement of a unit-cell, the displacement of 2g angle should correct using a
standard pattern (better internal standard), remove the component Ka, (6 ¥, strippingd )
'read' the d-spacings of experimental pattern (better manually through the left mouse button on
the main chart which automatically). The elimination of the component Ka is not indispensable,
but in many cases can improve the precision of refined parameters up an order of magnitude. It
is not desirable to do background subtraction in any case.

The process of refinement can be accessed from various parts of the program. For example, in
the initial screen, the button 0 comes directly to the refinement tool (Figure 9.3). However, it is
always desirable that the tool 'Matching' is present, and that the initial crystalline phase is the

current one. Simply press the button - Mnit-zzl | of this tool to obtain the refined unit-cell or to do
further refinement cycles.

In the example in Figure 9.1, the program is available to refine the unit-cell of the mineral
‘Celestine’, having been identified and incorporated into the tool 'Matching'. It is observed that
the check-box of the main screen is selected. The phase, which provides the initial lattice
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parameters is the third of the tool 'Matching’, which appears in the figure on a blue band
(Celestine).
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Figure 9.1.

By clicking comes the unit-cell refinement process. In Figures 92 and 93, shows that
the program has performed automatically constraints due to the space group of crystalline
phase (orthorhombic P lattice, a =b=g=) and restraints for the instrumental alignment
parameters. The values of the initial and refined unit-cell, including statistical and volume are
also shown directly.

It can see that in the main graphic (figure 9.2) have been drawn calculated HKL lines for the
refined unit-cell, but in a primitive and lacking space symmetry elements (screw axes or glide
planes). HKL types are grouped by colors at different heights. The colors correspond to those of
the axes of the | Unit cell parameters| framework. The reflections h00, 0kO0, 00I, Ok, h0l, hkO and
hkl show from top to bottom. This distribution is done to facilitate the fast identification of
isolated reflections. These can be studied in detail by 'zoom' on the upper main graphic (Shift +
left mouse button), or in the lower secondary display.
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By pressing will get the figure 9.3.

— ! Space group and unit-cell refinement

Figure 9.2

~ Unit cell parameters
5
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Figure 9.3.

From the screen shown in Figure 9.3 is you can do:

f
f

— Crystal systern — [ Lattice:— Ok hol hkO =0
¥ ¥ piv kel=2n hel=2n £ h+k=2n B
£ Triclinic L | e O b=z ez | e
" Monodinic Fr =2 l=2n k=zn h.-'-..|:=2n r('.:
& Onthorhombic |, ~ | B0 L hel=dn {7 hek=dn f"
" Hexagonal - Al F Al ¥ All & [—no =
® hoo ol hred h=2n
O Tango” | 5 [oon e 2 L.. "5
g il
" Cubic po || hedn 0 ke O hebl .
[=2n
— Cylindrical sample alignment — | All o | an L‘ﬁ'" al IS g
IF Mormal te X-ray beam D q
raw re ections
IF Farallel vo X-ray beam W Ok0 v ool p hEL
\J Dkl W hil W hkO

- -Shrantium Sulfate

Prirma

Show / Hide bar chart of the refined unit-cell. (Box | Bars |).

Restrict the drawing of hkl reflection groups attached to specific symmetry space
elements (Bravais lattices, screw axes or glide planes,
Initially there are no restrictions except those due to the lattice type. It can see that by

60kl , h Oftamework) ,

stopping the cursor on the respective option buttons, a message appears overlapped,

which contains information on the space symmetry associated with the systematic

extinctions, linked to each HKL group, which facilitates the study of space group.

= =

Redraw reflections ( ).
Draw the reflections by groups (Framework | Draw reflections | ).
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1 Modify 'manually' values calculated using cell cursors for each crystallographic
parameter.

1 Fix/Refine parameters in the next cycle ( | Fixed | check-box of each crystalline

parameter or instrumental parameters of the framework | Cylindrical sample alignement.

Changing the crystalline system and Bravais lattice for the next cycle of refinement.

Ignore the results in order to initiate a new unit-cell refinement with different conditions

Reset).

Print graphic ( [Print]).

Copy the graphic to the clipboard ([Copy]).

Back to the main menu ( ).

Make the refinement of another crystalline phase of the specimen pattern and listed in

the tool 'Matching' ( ).

1 Perform a new cycle of refinement using the refined parameters such as new initial

parameters ( ).

eliminates the selection (human factor), so all the following calculations will be
controlled by the operator. The tool appears now as in Figure 9.4.
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— ! Space group and unit-cell refinement

Unit cell parameters L Obgerved and calculated patterns before refinement
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Figure 9.4.

La lista de la derecha muestra los valores de espaciados observados d(o) y calculados d(c),

indices hkl de cada reflexion, intensidades observadas referidas a cien y la diferencia entre los

cuadrados de los vectores reciprocos observados y calculados Q(0)-Q(c). Se puede recorrer la

lista y eliminar del célculo (marcar R) aquel |l as refl @x)iQk)de s e@u ex ceadli o
(Qna = 1/d°,). En el ejemplo de la Figure 9.4 se indica al programa que debe prescindir de las

reflexiones 131 y 412 , ya que estan marcadas. En este punto el programa queda detenido

hasta que se pulsa la tecla , lo que proporcionara nuevos resultados (Figure 9.5)

muy semejantes a los de la Figure 9.4, ya que apenas se han modificado las condiciones del

afinamiento.

The list on the right of Fig 9.4, shows the observed d(o)and calculated d(c) d-spacings, HKL
reflection index, observed intensities referring to 1000 (Int) and the difference between the
observed and calculated squares of reciprocal vectors Q(0)-Q(c). The list can be scrolled to
eliminate of the refinement (tick R) those reflections whose value 'Q (0)-Q (c)' is excessive
(Qhkl = 1/d°). In the example in Figure 9.4, we have decided that the program rescinds the
131 and 412 reflections (which were already marked for this purpose). At this point, the program
is paused until you press the button , which will provide new results (Fig. 9.5) very
similar to the figure of 9.4, just because we have slightly modified the terms of refinement.
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— Space group and unit-cell refinement E|
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Figure 9. 5.

Under the list of figure 9.5 there is a summary which contains the number of data used in the
latest refinement (58), the number of refined variables (lattice axes a, b and c), and the overall
According factor for Q (or, c) that, being very close to zero, indicates that the refinement has
been done correctly. In addition to this, the calculated errors for each of the results are obvious
signs of quality refinement (0.0084 Angstroms for a-axis, 0.0056 for b-axis, 0.0073 for c-axis
and 0.43 cubic Angstroms for unit-cell volume).

With the order (Fig. 9.5), the unit-cell refinement of another component of the sample can
be done. In the example, by choosing 'Gypsum' and clicking | Unit cell |, the results for the new
phase are obtained directly (Fig. 9.6).
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Figure 9.5. To summarize, in order to refine the unit-cell of each phase, the cursor is placed on
it in the tool 'Matching' and the button [Unit-cell| is then pressed. The procedure can be repeated
for each identified phase. See details in the text.
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Example: The determination of the ratio Ca / Mg in_ magnesium carbonates by PXRD is
usually performed through unit-cell refinement. The most likely result is obtained then by linear interpolation between
the parameters of cell in terms of extremes which have well established unit-cell parameters and chemical composition.
This is the general procedure used to obtain the exact term of any mineral having solid solution composition. What
makes XPowder interesting for this analysis is that this program calculates unit-cell parameters with a single mouse
click.

Example: By using the program XPowder, this real example has been developed in approximately two minutes.
Adjustment charts come from previous experiences.

1. Load a Calcite diffraction pattern.
2. Ka 2 stripping Q (it is an optional but advisable action). On t he ot her hand, the phitee dal stan

interpolation function N can improve the quality of the unit cell refinement.
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Fig 9.6 a
4. Click Unit-cell refinement )
5. Click . The unit cell is now refined:
a-axis = 4.9361 + 0.0040 A c-axis = 16.8475 + 0.0219 A

Unit cell volume = 355.49 + 0.59 A?

-~ Space group and unit-cell refinement ;
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Fig 9.7

6. Error assessment: D[Mg] =m - D(p) ; where - D(p) = error of the crystallographic parameters or unit-cell volume and
m slope of the adjustment line.

7. Results: The magnesium content of the specimen can be calculated using varied linear regression lines (Fig 1 to 6).
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Fig 9.17 XPowder Program can do this automatically using a tool that calculates the terms interpolated from the values
of ending cells. This tool is derived from the mainmenu(t oo | s 3 So), or tomShe teli tefinement tool, by
double clicking on the text box of any lattice parameter. In the example, a carbonate type 'Mg-Ca kutnohorite' has been
identified (1) . The unit cell is refined (2) . Then, the exact term of the series is obtained by double clicking on the box of
the refined parameter b (3). The extreme terms and vicariant elements can be changed into A, B, C and D. The editable
fiSPoSoltxtdt i n the program di r e-cell aexactcompssition phased ak ia thd exaple: o f  uni t

Calcite 20
4,9963 920
4.9963 120
17.1092 Magnesite
90 4.646
90 4.646
120 15.139
Dolomite 90
4.808 20
4.808 120
16.055
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Chapter 10. Profile Analysis.

The reflection profiles provide information on the crystallinity. This concept can not be defined
unigquely as it covers many aspects of the real crystal, as are the average crystal size, the size
and distribution of crystal mosaic (it is often called in diffraction as 'coherent domain’), its form
and habit, uniformity in both, dimensions (including here the inhomogeneous deformation due
to active or residual tension) and composition of the lattice, etc.

This leads to significant changes to three elements of the observable profile:

1 Absolute and relative values of the integrated intensity of the profile.
1 Profile broadening.
T  Asymmetry.

Absolute and relative values of the integrated intensity. Increases with the square of the
average radio of the crystal sections, perpendicular to each reciprocal vector, which produces
the HKL reflection. In the same way, the average of absolute intensity of the total diffracted by
a powder sample is a good measure of its overall crystallinity. By contrast, the 'relative
average' value, the most general expressed as a percentage (and also its standard deviation),
is inverse function of the overall crystallinity (the latter two figures are virtually independent of
the experimental conditions). All this are applied both to individual reflections and full pattern.
Here, the concept of crystallinity refers primarily to the size of grain. These values are
displayed directly by the program when the sample is loaded. These figures appear on the

screen in numerical or graphic forms when the is checked(Figure 10.1).
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Figure 10.1. The base of the blue-green band is the average for the overall intensity of the
pattern. The height of the band is the standard deviation. The crystals are small (Struvite). The
average value of intensities is% 8793 + 6588
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Figure 10.2. The pattern corresponds to a mid-sized crystasl specimen (CeO). Average
intensities (%) = 0848 + 1703
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Figure 10.3. Pattern of large crystals specimen
0.644 + 0.531

(BeLa). Average value of intensities (%) =

Experimental FwHM= 03220
FwHM Alpha2 Corrected= 03100
True FiwHM= 02430
Integral breadth= 0,393
Scherrer= 28 nmneglects strain]
Correc.Echerrer= 3T nmneglects strain]
Integral Obs.counts= 1173351
Integral Cal.counts= 172841
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Experimental FwHM= 0.055"

True Fhw'HR= 00550

Integral breadth= 0.0EE"
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Integral Ob=.counts= 260991
Integral Cal.counts= 257523
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Figure 10.4. Powder individual profiles of CeO 111 reflection of low powder size (above) and
large size (below) grains. The intensities of the latter are divided by 106 in order that they can
be comfortably handled by the program. As will be seen below, there increase in the size of
the mosaic is related to sample larger crystals (as evidenced by the decrease in the width of
the profile). The Ka, component of radiation has been eliminated, to adjust the profile to a
pseudovoigt function. .
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Line broadening. The simplest measurement of dispersion (line breadth) is the a full width of
the intensity distribution at half of the maximum intensity (FWHM). If the distribution is not
symmetrical XPowder calculates the half of the maximum intensity on the left (w;) and right
(w,) hand side of the peak ordinate. The asymmetry is defined as w,/w;. XPowder also
includes the integral breadth b, defined as the width of a rectangle having the same area and
height as the observed line profile. Area asymmetry (A /A;) has similar sense with asymmetry,
by using of the left (A;) and right (A,) hand side areas of the peak ordinate. The shape of the
profiles is measured by the shape factor f, defined as the ratio of the FWHM to the integral
breadth. Thus, the calculated parameter for a profile are:

FWHM = Full width at half maximum.
Asymmetry = wao/w;

Integral breadth b

Area asymmetry = Ay/A;

Shape factor f = FWHM/ b

The causes of the widening and shape of the profiles are:

1 Instrumentals
o 1. The radiation is not strictly monochromatic.
0 2. Geometry and diffractometer optical. Instrumental function.

1 Related to the specimen.
o 3. High percentage of amorphous materials (high background).
0 4. Mosaic size (coherent domain size in diffraction terms).
0 5. Heterogeneities and distortions of the unit cell
0 6.NonUniform Straind ( or SgirpagIny 6

N o nUniféerm Strain'(or simply 'Strain’) and 'Uniform Strain' are two different concepts. The first cause a
heterogeneous dispersion of the d-spacing values, resulting in a widening of different profiles in each g. In the second
type, the sizes of all the unit cells modifying alike, as for thermal expansion or Pascal pressure, which causes a non-
lineal displacement of the 2aggles of the reflections patterns, but not the widening of the profiles.

Of all these possible causes of widening the profiles, only the latter two are related to the

nature of the analyzed crystals and are often referred as 'microtexture’. It is therefore

necessary to find a suitable procedure to subtract the effects of the first three, which are alien

to their own crystals, so that the shape of the O6pu
that microtexture, will be isolate.

1. Monocrhomatism. Of course, acquire the patterns with monochromatic radiation
through the use of serialized monochromators or synchrotron radiation is
convenient. But this is not always possible, so in some methods of microtexture
analysis (Scherrer analysis or Williamson-Hall) is needed, as a preliminary step, the
complicated process of elimination of the KA2 component Ttripping). XPowder is

done with sufficient quality through the push of the button h If the Williamson-Hall
methods are used, the elimination of KA2 also must be performed on the
experimental instrumental function (see next item).

2. Instrumental function. The calculation of the so-called 'instrumental function' is more
complicated. This function describes the profile shape induced solely by the
diffractometer, and that conditions at last, the final resolution of this technique. The
instrumental function in theory can be calculated as the product of convolution of the
curves generated by each of the components of diffractometer (X-ray source, the
sample surface, divergence of the rotation axis, transparency of the speciment, set
of divergence and reception slits , monochromator, etc). The details of this
calculation can be seen in the book of HF Klug and L.E. Alexander, 'X Ray
Diffraction Procedures', whose 2" edition has been printed by Wiley & Sons in
1974. In general this theoretical calculations are very complicated, because it is very
difficult the parameterization of the functions of each element of convolution.
Instead, experimental patterns of very high crystallinity compounds (BgLa, CeO, etc.)
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are often used in order to uses as an instrumental function. Then, the instrumental
profile broadenig can be modeling by the Caglioti equation:

B*=U -tan2q+V-tanq+W

Where B is the width of the profile for each pure angle g. U, V and W have to be
adjusted from the very high crystallinity pattern. Other times and whenever possible,
the instrumental function can be obtained from a sample that possesses not only a
high crystallinity, but a similar composition to the studied specimen. In this case, the
Caglioti function is tot used. The calculation of the Caglioti function is performed
automatically by XPowder, as explained in Chapter 11.

3. Background. Some methods of microtexture analysis, using only the reflection widths

(Scherrer and Williamson-Hall), needed to remove the background (’ﬁU) before
making adjustments in the distribution functions of the crystal reflections. However,
except in cases where it is really excessive, the background should never be
removed. The background should never eliminated when using the of Warren-
Averbach methods, of course

The distribution function that XPowder used to model the pure profiles (profiles cleaned of instrumental
interference) is:

P(L= (Bhg e' P B4 [(1- )@ T2(B )Pl

Where:

x = free variable

B = Reflection broadening (refinable parameter or experimental data)
g and p are refinable parameters

If g=1, p=0 the function is Gaussian

If g=0, p=1 the function is Lorentzian (or Cauchy)

If g0, p>1Pearson vii

If =, p<1Super Lorentzian

If =P to 1, p=0Pseudo Voigt (Gaussian + Lorentzian)

If g0to 1, p 1Mixed function

F ( 0) Function value for x = 0 (maximum)

Asymmetry. XPowder adjusts, independently the right and left sides of the diffraction profiles,
so it is possible to quantify the asymmetry of both, areas as B parameters.

With a strictly monochromatic radiation, sometimes, the slope of the profiles is softer towards minors 2 cangles. This
can be attributed to a lack of uniformity in the size of the unit cell, due to partial hydration process that causes
increased volume crystalline, by way of example.

If the slope is softer towards larger 2 gthe cause is more difficult to explain. Sometimes this can occur in the process
of crystallization from a solid solution, in which the more modern cells are form from isomorphic elements of smallest
radios. On the contrary, can be caused in the process of dissolution where the more soluble terms are largest radio
elements. In any case, systematic measures from the parameters of asymmetry and form factor described above can
be established.
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Profile analysis methods based on width and shape of the diffraction profiles.

The use of strictly monochromatic radiation allows very simple treatments of profiles in terms
of variance, so that when the profiles are adjusted to Cauchy functions, you can write:

Btotal = Blnstr + Bsample = Blnstr + Bsize + Bstrain
If the profile function is Gaussian the relationship is as follows:
2 2 2 2 2 2
B%otal = B instr + B sample — B instr + Bsize ¥ Bstrain

From the analysis of the distribution function used by XPowder, a more general relationship
can be inferred for the pseudo voigt:

Instr strain

1 1 1 1 1 1
B( +g)total = B( +g)Instr + B( +g)sample = B( 0 + B( +g)size + B( +92

This equation allows easily deduce the value of the width of the reflections when this type of
profile function is adequate.

1. Scherrer Method.

It is used to calculate the coherent domain size (uncorrected strain) from a single reflection
profile (I supposed monochromatic):

Size(mm) = K - | (A)/(10 - Bsample: COSTo)

The coherent Sizzm)d ni si pétem expressed in nanometer ¢
appears in the denominator). KA) is the wavelength of monochromatic radiation and ¢, is the
central angle of reflection.

The width of the reflection Bsampie Can be FWHM, or the integrated width, expressed both in
radians. When the instrumental role is known, B**9,., can be obtained by the relationship
B(l@samme = g9 19 Otherwise it is assumed that B9 e = B . B @

refinable parameter, automatically calculated by Xpowder.

total ~ B

K (0.8>K>1.1) is a experimental constant, which is different when FWHM or b are used.
Optionally XPowder calculates this value but generally uses K =1

To measure the size of the coherent domain with Scherrer method, XPowder use the button

A
ﬂ or the |Strain and X—size| command of home menu. Once on the appropriate screen, press

the left mouse button on E or click just about any reflection profile, and the automatic
adjustment to a 'pseudo Voigt' function is obtained (gis also fitted), as shown in Figure 8.4. It is
desirable to make a proper Ka, stripping, and even an 'Spline" interpolation, before starting the
calculations. If you wish to obtain results expressed in absolute values, which can be
compared with those of other laboratories, the instrumental function should also be set in
advance. The background subtraction is not desirable to make, unless cases of very poor
quality patterns. In any case, the background subtraction should not be too 'aggressive'.
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Figure 10.5.
The data shown in the figure 10.5 are as follows:

2q of the maximum (6 -2 h e dolandn).

If the object 'Matching' is present, hkl index are shown, on the contrary 2q is printed.

(Column 'Label’).

1 Values' FWHM 'expressed in degrees of 2q, both to the right side (R) as to the left
(L).Columns 6 (L) 6, U6 0 F&VHR) 6

1 Gaussians components (g) of the adjusted functions by the Right and Left, as well as

the error of those values (Columns' Gauss-left '," Gauss-full 'and' Gauss-Right *). The

statistical values for left, full and right profiles are also shown to the right of the chart
with red, white and blue respectively.

Drawings of the adjusted and difference functions (blue).

Drawing and value of experimental FWHM.

Corrected FWHM Value for the instrumental function (True FWHM), that should be

calculated for each diffractometer. In any case, the program uses latest available

function.

1 Integral Breadth in 2 & Coherent domain size in nm without correction instrumental
('Scherrer’). K = 1 is used and the widening of the profile caused by 'Strain' is not
taken into account.

T I'dem with instruQoeBdhearkro corkKestilons( dsed

of the profile caused by 'Strain’ is not taken into account.

Experimental profile integral counts (Integral Obs. Counts).

Calculated profile integral counts (Integral Cal. Counts).

f
f

=a =8 -9

=a =

If the box is marked, the position of the highest profile is set at the exact angle 2q, which
has made the ‘click' with the mouse. In another case, the program finds the position of the
maximum.
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If the box |Pearson VII | is marked, the exponent p of the general distribution function is
refined.

If the box| Spline is marked |, the experimental data are interpolated virtually, through an a
cubic spline, and the position of the maximum with more precision is obtained.

The box contains the interval which will be used in adjusting the distribution functions,
on both sides of the maximum.

If the box is unchecked, any comments appear on the image.

The button allows you to start a new list of measures. It is used when switching
experimental options, or at the beginning of adjustments for special functions such as those of
Caglioti (for difractometer or sample), or Williamson-Hall microtexture analisys.

The button lets you select all the profiles of the header list for subsequent calculations (Caglioti,
Williamson-Hall, for example).

The button lets you remove the current profile of the list (blue stripe).

The button moves the graphic to clipboard.

The button hides the tool . It is the same as pressing the button Z= again.

El boton | Rejet profile | elimina de la lista general el Ultimo ajuste.
The button |Rejet profile | lets you remove the last fitted profile.

The button lets calculate the Caglioti equation. If the sample is a very high
crystallinity specimen, enables you to adjust the instrumental function (see Chapter 11).

The button | Williamson-Hall | performs the calculation of the size of mosaic and 'Strain’,
according to the method of Williamson-Hall.

The button | Warren-Averbach | is equivalent to jﬂi\~| and go to a special display, where are the
tools necessary to perform calculations of mosaic sizes and 'Strain' by 'Warren-Averbach'
methods, as well as 'Log-normal' distributions. This button involves a reload of the original
data of the diffractogram pattern, so that all operations carried out before will be cancelled
(background subtraction, Ka, stripping, etc).

All the partial results are listed in detail in the Log file for each of the analyzed profiles, as shown in the
following example:

Profile Information Statistics (Parts of profile L= Left R= Right):
1 1 1 Cerian-
2- theta: 28.553 D - spacing= 3.1236

K- Alpha2 stripping has been performed

| Ps eudo - Voigt Gaussian Weigh |
2theta| Label |[(L)FWHM°(R)| (L) Counts (R) | Left part| Full |Rightpart | Int
028.55|1 1 1 C|0.158|0.149|01183505|01105825|0.440+0.011|0.420+0.016|0.403+0.012|100

Observed FWHM=0.3070 (2 - theta®)
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FWHM (After Instrumental Broadening Corrections)= 0.2838 (2 - theta®)

Current Instrumental Cagliotti Coefficients (x 10000): U= 0.032900 V= -0.035600 W= 0.019030
Asymmetry=0.94 38

Areal Asymmetry: 0.9344

Integral breadth: 0.362 (2 - theta®)

Shape factor (Observed FWHM/Integral breadth): 0.847

Max. counts: 21053

Uncorrected Size (Scherrer - neglects strain)= 29.7 nm. (Scherrer K=1)

K- Alpha2 and Instrumental Broadenig Corrected Size (S cherrer - neglects strain)= 32.1 nm. (Scherrer K=1)
Integral observed counts : 2289330

Integral calculated counts= 2385951

Pearson component has not been fitted for profile

2. Williamson-Hall Method .

The method of Scherrer explained above, uses a single X-Ray reflexion for the calculations of
mosaic size, but provides no information on the 'strain' (e), since this affects the profile
differently in each 2q value:

e= tanq' (4/ Bstrain)

Bewan = tanq - ( 4e/)

Where, Bgyrain IS the variance of the distribution due to 'strain’, expressed in radians, and e is
the 'strain’' defined as e $BL/L

The effect of 'strain’ on the broadening of the profile is generally very small compared to due to
the magnitude of the mosaic. To correct the effect of 'strain’, the method of Williamson-Hall
can be used.

The variance of a pseudo voigt distribution can be expressed:

1+g)2 1

1 1 1
B( +g)size + B( strain — B( +g)sample = B( +g)total - B( +g)Instr
The method of Williamson-Hall calculates separately, the size and the 'strain' by two or more
orders of a reflection HKL, but gave no information on the size distribution, provided by the
method of Warren-Averbach , which will be explained later. Thus,

g4 _ g, (192

sample strain
Size(mm) = K:1 /(10-Bgj,- C0SQ,) (I in A, Binradians)
By removing and replace the values of Bg,. and B, You get:

B(l+g)samp|e = K:1 /(10-Bgje: cOsq,) +tanq - ( 4e/)

This is the expression of the equation of a line, whose independent variables are B(“g)samme
and the function values are tangd. In this way, for x=0 we can obtain (Size(nm) - 10- cosq,)
/(K-l ) and the slope is 04 k.

If the experimental values B(“g)samme are plotted versus tang, the absolute values of Size(mm)
and e can be obtained from the regression line.

As can be seen easily, the size obtained depends on the hkl direction and at least two
observations are needed (eg 111 and 222). In isometric crystals can be used occasionally
reflections from different directions, although the detailed analysis tends to give a much richer
information.
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With XPowder, this analysis is done via the button | Williamson-Hall | on the screen of the figure
10.5.

T Mk rstetare aneis. Savpie £ 00w e SAMP TR Lo aiv

Wilamscr

Gessien (Nl poding)|

Figure 10.6.

The figure 10.6 shows an analysis of 106 Williamson-Hall made automatically on all reflections
of a diffractogram of CeO. The three models correspond to Gaussians, Lorentzians and
Pseudo Voigt models respectively. As broadening criterion has been used FWHM. The
constant K value from Scherrer equation is optimized (K = 0.852) (box [Guessing Scherrer K|
marked). The values of 'Strain' are expressed in% and are very low, according to the values of
the slope of the straight lines in all cases.

Other options such as ([ Integral Bread | ), (Weight data),instrumental correction (Inst.Corrc |),
right side, full side or left side profiles (selecting in the | Profile zone | framework, etc can be
used.

Figures 10.7 y 10.8 show the Williamson-Hall analysis performed on the h0O reciprocal
direction, with and without instrumental correction respectively.

Both the method of Scherrer as the Williamson-Hall, provide size values, as measured on directions HKL, whose
calculations involved in the entire volume of crystalline domains. That is the criterion used for statistical weight is the
volume. The term ‘'volume weighted' is used to refer to the sizes obtained, as opposed to the ' area weighted '
provided by other methods such as the Warren-Averbach which is explained below. In general the weight methods
based on 'volume' provide values greater than those achieved with ‘areas'.
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Figure 10.7. Williamson-Hall plot for the hOO direction. The instrumental correction was made.
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Figure 10.8. Williamson-Hall plot for the hOO direction. The instrumental correction was not

done
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Warren-Averbach method.

A more comprehensive and accurate study of the diffraction profiles based on Fourier
analysis, attends the role of total profile (Rya) @s a result of the convolution of the instrumental
profile (Rinsir) With the function generated by the sample (Rsampie), being the latter the product of
convolution of the size function (Rs,e) and due to strain function (Rsyain)-

— * - * *
Rtotal - Rlnstr IQsample - Rlnstr Rsize Rstrain

The method requires the representation of diffractograms in reciprocal space, instead of doing
it in classic 2q function. Obtaining histograms diffraction in this space has very experimental
difficult, as it requires appropriate programming of diffractometer very different than usual.
XPowder uses an alternative path based on the theoretical calculationof histograms (ie
diffractograms with D 2 qonstant) based on typical 2 ¢which is the usual way of presenting
the data) through interpolation methods for cubic spline. It has been proven the effectiveness
of this method that allows you to create reciprocal graphs with the same quality and form of
profiles than those obtained experimentally. The method is used both for the instrumental
function as to the sample function.

The Warren-Averbach method is a highly elaborated approach of size and strain analysis by
powder X-Ray method which uses the deconvolution of the structural line profile (true profile)
and the Fourier transform for evaluation of size of the coherent domain and strain (to say:
space dispersion Dd/d %). This methods states that the absolute values of Fourier cosine
coefficients are then product of the size and the strain coefficients (Bertaut 1949). The
coefficients can be numerically calculated and then related to the distribution of the column
length (L), defined as the distance in the crystallite, perpendicular to the diffracting planes hkl
(parallel to diffracting gny vector). The convolution of the size broadened and strain broadened
profiles in reciprocal space is the product of their Fourier transforms in real space. The

absolute cosine fourier coefficients (AL,q) of the true profile are:

AL ALALg [1]

Being

S . . - .
A|_ absolute cosine fourier coefficients size dependents,
eAL,q absolute cosine fourier coefficients strain (€) L and q dependents and

g=2-sig / |

If two or more order of the reflection for hkl plane are available in the diffractogram, separate
information for size and strain can be extracted assuming small strain values and Gaussian
strain distribution for all values of L. Applying logarithms to [1]:

Ln(AL,q)= |n(SAL) + In(eAL,q)
@n(AL) - 2p°L%<€? > [2]

op2 L2 e <€z > . . .
where eAL,q: e L (theoretical expression value for eAqu) and <e2L> is the

mean-square strain for the correlation distance L.

. 2 . .
In successive plots of (eAL,q) versus ( at fixed L values, SAL are obtained from the

. - . e . .
intercept of the strain lines (at abscissa = 0) and AL,q from the slope of the strain equations.
Note that they are a strains coefficients curve for each q profile.
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General procedure in W-A analysis .

1. The sample and instrumental profiles are normalized to maximum value=1 (figure 10.9.) and

plotted in the reciprocal space with constant step (abscissa = 2-sinql/ 1717, ordinates =
counts, figure 10.10).

1 1 1 Cerian

.iﬁ-.---.--ié--..--..éé........éh.....
E-Theta HIZTOGRAM

Figure 10.9. 2q histogram.

030 o.31 o.az o=z o33
Exverimental Z*8in(Theta/Lambda) HISTOGDALAM

Figure 10.10. Reciprocal histogram

2. Deconvolution is carriedreutprohi bedef(o6porebpraohi
di ffraction |ined,é) of the sample pattern (figure

v A

0.20 o.=1 o=z o=z 033
Exverinental Z*8ini(Theta/Lanbda) HISTOGZRAIM
Figure 10.11.
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3. Absolute values of cosine fourier coefficients (A.) from the structure profile are calculated
and normalized to Ay=1, and plotted versus column length L, perpendicular to the reflecting

plane hkl (parallel to reciprocal g diffraction vector. Figure 10.12).

1.0
ng
g
| Inflection (3.3 xm , 0.57]
o4
02 T <Sizerareaweighted= 19.47 + 0.37 nm
0.0 i T S — -
0 20 40 G0
L [rm]

Size and strain coefficients
Figure 10.12

The average Larea Size (uncorrected strain) is calculated from the tangent of the coefficients
curve in-Aq:0)pointfor-A =0 in inflection point (2 derivate=0, grey line in figure 10.12).

4 . By selecting an upper Braggds order l' ine of h kil
separate, according to [2]

IN(ALg) =InCAL)-2pL*<e™>q

that is the straight line equation

y=b+ax
where
b=In(°AL)
a =-2pL°<e’>qf
X =
y =InCAL)
AL=¢€ 3]
°ALq = exp(ad) [4]

<e’>= -a/2pL2 (average value)[5]
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Then, it can be obtain the pure size Fourier-Cosine coefficients plot (column length probability
to be greater or equal to L) and the average area weighted size value (<Lagea> = 20.07 nm in
example) perpendicular to the (111) selected crystalline face (parallel to selected q reciprocal
vector figure 10.13),

Figure 10.13.

the eAL‘q strain Fourier-Cosine coefficients plots for each analyzed profiles (figure 10.14)

Figure 10.14

and the strain (dd/d = <% versus column lengths plot (figure 10.15).

Figure 10.15
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