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Outline of the talk

® Aim and applications of phase identification by X-ray powder diffraction
(XRPD) (qualitative analysis);

e A freely available database for qualitative analysis: POW_COD;

® Main features of QUALX2.0, a computer program for qualitative analysis;
® Some applications of QUALX2.0;

® Final remarks;

e QualXWeb.

QualX2.0: a software for qualitative phase analysis from powder diffraction data
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Qualitative Analysis

Aim of phase identification by X-ray powder diffraction (qualitative analysis):

To identify the phases of a polycrystalline mixture via a powder diffraction pattern

analysis.

QualX2.0: a software for qualitative phase analysis from powder diffraction data
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Qualitative Analysis

Aim of phase identification by X-ray powder diffraction (qualitative analysis):

To identify the phases of a polycrystalline mixture via a powder diffraction pattern
analysis.

Applications of qualitative analysis:

® Scientific fields: Organic, metallorganic and inorganic Chemistry,
Pharmaceutics, Mineralogy, Cultural heritage, Materials science,...

® |Industrial fields: quality control of drugs, check of manufacturing process,...

QualX2.0: a software for qualitative phase analysis from powder diffraction data 3/ 35
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Qualitative Analysis

Some remarks

® Peak intensities (/) contain information on the composition of a crystalline
compound (unit cell content)

® Peak positions (20), and consequentely, interplanar distances
(d = \/2sin6), contain information on the unit cell parameters of a
crystalline compound

QualX2.0: a software for qualitative phase analysis from powder diffraction data 4/35



Qualx2.0

Corriero
Nicola

Outline of the
talk

Qualitative

Analysis
Main aim
Remarks
Success

Databases
PDF
CcOoD

The POW.COD
database

Qualx2.0
Features
Card
Download QualX2.0
Examples

QualXWeb

Research
Group

Qualitative Analysis

Some remarks

® Peak intensities (/) contain information on the composition of a crystalline
compound (unit cell content)

® Peak positions (20), and consequentely, interplanar distances
(d = \/2sin6), contain information on the unit cell parameters of a
crystalline compound

Basic idea of qualitative analysis

By reducing the powder diffraction pattern of a crystalline compound into a set of
(d, 1) values, the phase identification can be performed by comparing them with
the observed (or calculated) (d, /) values corresponding to known single-phase

crystalline samples, usually belonging to a database.

QualX2.0: a software for qualitative phase analysis from powder diffraction data 4/35
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Qualitative Analysis

Traditional methods

They consist of a three steps procedure

® Search, satisfying a guiding criterion;

® Match with respect to reference diffraction patterns of known compounds
(e.g., belonging to a database);

® Identification by assessing the reliability of the match via a figure of merit
and/or available prior information and/or experience.

QualX2.0: a software for qualitative phase analysis from powder diffraction data 51/.35
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Success

The success of the phase identification process depends on

® the quality of the experimental data and, consequently, the accuracy of the
experimental (d, /) values;

® the adopted phase identification method;

® the accuracy of the (d, /) values of the reference database of known
crystalline phases;

® the completeness of the reference database.

QualX2.0: a software for qualitative phase analysis from powder diffraction data 6/35



Qualx2.0

Corriero
Nicola

Outline of the
talk

Qualitative

Analysis
Main aim
Remarks
Success

Databases
PDF
COoD

The POW.COD
database

Qualx2.0
Features
Card
Download QualX2.0
Examples

QualXWeb

Research
Group

Success

QUALX2.0 applies the most widely used approach for
qualitative analysis

® reducing the experimental powder diffraction pattern into a ‘stick pattern’
[i.e., a set of (d, /) values representing the diffraction peaks];

® querying a database of stick patterns of known crystalline compounds to
search for the database pattern(s) best matching the experimental one (i.e.,
search-match step);

® supplying a list of the most plausible database pattern(s) matching the
experimental data and ranked according to a Figure of Merit (FoM).

QualX2.0: a software for qualitative phase analysis from powder diffraction data 7135
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QualX2.0 Approach

Resultlist:
Identified
Crystalline phase(s)

Slick patterns
Database

QualX2.0: a software for qualitative phase analysis from powder diffraction data
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Databases . . . - -
oo Among them, the most complete and widely used is the Powder Diffraction File
CoD . . . '

The POW.COD (PDF), maintained and continually updated by the International Center of

database

QualX2.0 Diffraction Data (ICDD, www.icdd.com).

Features

Card
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QualXWeb pharmaceuticals,...
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PDF database

PDF database: for each compound, main crystallographic, experimental
information and data quality are stored in entries.

The Powder Diffraction File Growth

llll"lll"ii'i

Il PDF-4 /Organics
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

111,864 111,864 11,747 37,753
152,103 61,376 10,929
o

0 0
10,067 3,018 207
0 177,597 18,518
409 22

04- MPDS
05- ICDD Crystal Data 409

New Entries 9; 19,420 1,253
No. with atomic coordinates 0 239,568 29,456
Reference Intensity Ratio - I/l ¥ f 30,587
Experimental Digital Paterns [ 9 106
Calculated Digital Patterns L 41,423
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COD includes entries in CIF format. Currently there are
412558 entries in the COD. Their number is continually

growing.

Crystallography Open Database

Q @9 Crystallography Open Database

Fomz
WEats newr? £

(Accessing COD Data
Browse
Search
Search by sTucTral ol -
Add Your Data Open-access collection of crystal structures of organic, inorganic, metal-organic compounds
and minerals, exclnding biopolymers.
Deposi your detz
D e Incuding data and softwsre from CrysialEye, developed by Nick Dy
e denartment of Chemistry, the 1y of Cambridge under supervision of
Peter Murray-Rust
ALt on s se har= een parec nhe pitlc docnby e ccnbutrs
CODWE COD Adisory Bocrd thenks The Reseat Counel o° Lihuana ferther fnancil suppor o he pebteaion
Obtainirg CCD * Crystallography Open Datcbase (COD). an open-acc: n of crystal structures and platferm for world-wide
Quarying COD
Citrg CCD Nucleic Acics Research (2012) PDE versicn
COD Mirars .
Adices o denaors We ttank Crvsial Enpect GoR for thei-fnarcial suppor:of n
Usef ks ! raphy Open Database- an open-aecess collacion of crysial structures”

J.4ppl Crystalogr. (20CS) PDE sersicn
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Crystallography Open Database

Recently, some private companies, which develop crystallographic software and/or

X-ray instrumentation, have distributed freely available databases which can be
read by their qualitative analysis commercial software.

® HighScore Plus (Panalytical, www.panalytical.com)
® Match! (Crystal Impact, www.crystalimpact.com)

® PDXL (Rigaku, www.rigaku.com)

The freely available databases are built from the crystallografic information
contained in the CIF files of the Crystallographic Open Database (COD).

QualX2.0: a software for qualitative phase analysis from powder diffraction data
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The POW_COD database

POW_COD is a database for qualitative analysis consisting of a collection
of entries whose main crystallographic information is generated via
EXPO2014 program from the cell parameters, space group, atomic
fractional coordinates and thermal factor supplied by the CIF file of COD
database.

The CIF files are downloaded via the Subversion tool that enables an
open access to COD and an easy update of the downloaded set of COD

CIF files.

Each POW_COD entry is identified by the same seven-digit number
associated to the corresponding CIF file of the COD database.

QualX2.0: a software for qualitative phase analysis from powder diffraction data 13/35
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e interplanar distance d, the multiplicity and the ratio

oo I = (h/hmax) * 1000, where /; is the reflection intensity and /i max is
A the maximum value of the intensity calculated for all the generated
QualX2.0 reflections.

Features

s e The Reference Intensity Ratio (RIR) value, calculated according
B to the formula suggested by Hubbard et al. (1976). J. Appl. Cryst.
QualXWweb 9, 169-174. RIR is useful for semi-quantitative analysis.

Research

Group e The unit cell parameters, the cell volume, the crystal system, the

space group, the chemical formula, the density, the Web address of
the corresponding COD CIF file,...
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The POW_COD structure

The POW_COD is a relational database that has been exported in
SQLite3 and can be readable not only by QUALX2.0 but also by any
reading/computing tool.

We preferred to use SQLite instead of other more popular software (e.g.,
MySQL, Oracle,...) because SQLite does not require any installation by
the user.

POW_COD consists of about 10 tables storing all the information

associated to each entry and structured so that QUALX2.0 inquiry is fast
and optimized.

QualX2.0: a software for qualitative phase analysis from powder diffraction data 15/35
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QUALX2.0

QUALX2.0 is the updated version of QUALX
[Altomare et al. (2008). J. Appl. Cryst. 41, 815-817], a computer program
for qualitative analysis inquiring the PDF-2 commercial database.

QUALX2.0 retains the main features of QUALX searching the crystalline

phases contained in both the PDF-2 commercial database and the free
POW_COD database.

QualX2.0: a software for qualitative phase analysis from powder diffraction data 16/35
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QUALX2.0

QUALX2.0 is the updated version of QUALX
[Altomare et al. (2008). J. Appl. Cryst. 41, 815-817], a computer program
for qualitative analysis inquiring the PDF-2 commercial database.

QUALX2.0 retains the main features of QUALX searching the crystalline
phases contained in both the PDF-2 commercial database and the free
POW_COD database.

Actually QUALX2.0 has more than 8000 users

QualX2.0: a software for qualitative phase analysis from powder diffraction data 16/35
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Main features of QUALX2.0

® |t is characterized by a high level of automatism and a user-friendly graphic

interface;

QualX2.0: a software for qualitative phase analysis from powder diffraction data
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Main features of QUALX2.0

® |t is characterized by a high level of automatism and a user-friendly graphic

interface;

® it can estimate background contribution and substract it from the
experimental pattern;

QualX2.0: a software for qualitative phase analysis from powder diffraction data
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Main features of QUALX2.0

® |t is characterized by a high level of automatism and a user-friendly graphic
interface;

® it can estimate background contribution and substract it from the
experimental pattern;

® it can locate peaks and derive (d, /) values;

QualX2.0: a software for qualitative phase analysis from powder diffraction data 17/35
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Main features of QUALX2.0

® |t is characterized by a high level of automatism and a user-friendly graphic

interface;

® it can estimate background contribution and substract it from the
experimental pattern;

® it can locate peaks and derive (d, /) values;

® it can search for the PDF-2 or POW_COD phases; a graphic interface
enables to select one of the two databases;

QualX2.0: a software for qualitative phase analysis from powder diffraction data
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Main features of QUALX2.0

® |t is characterized by a high level of automatism and a user-friendly graphic

interface;

® it can estimate background contribution and substract it from the
experimental pattern;

® it can locate peaks and derive (d, /) values;

® it can search for the PDF-2 or POW_COD phases; a graphic interface
enables to select one of the two databases;

® it can actively use suitable restraints;

QualX2.0: a software for qualitative phase analysis from powder diffraction data
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Main features of QUALX2.0

® |t is characterized by a high level of automatism and a user-friendly graphic

interface;

® it can estimate background contribution and substract it from the

experimental pattern;
® it can locate peaks and derive (d, /) values;

® it can search for the PDF-2 or POW_COD phases; a graphic interface
enables to select one of the two databases;

® it can actively use suitable restraints;

® it can perform semi-quantitative analysis.

QualX2.0: a software for qualitative phase analysis from powder diffraction data
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Cazhesy ® it can search for the PDF-2 or POW_COD phases; a graphic interface
ci;f:f'o enables to select one of the two databases;

Card

Download QualX2.0 ® it can actively use suitable restraints;

Examples

QualXWeb ® it can perform semi-quantitative analysis.

Research

CIcLR The main novelty of QUALX2.0 is the possibility of inquiring the POW_COD

database.
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Search-match by QualX2.0

An automatic
search-match is carried out
using the Bragg reflections
by seeking through
enormous arrays of data,
which a typical database
contains.

4 Search Options

Seiings

M, rumber ofresulling entis: [3000

Min, FaM Ztheta Intersity Phases
03 080 050 050

B - Mulipke

[

Single

[ Residual Searching

Help

¥ Check stiongest peaks:

Defauit Carcel

QualX2.0: a software for qualitative phase analysis from powder diffraction data

[ Check deleted cards

Dela Ztheta
I Automaic value
025161

om

050
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Search-match by QualX2.0

The number of strongest

reflections of a database entry to

be matched.

Tolerance on 26 position: a
difference between the observed
and database positions of peaks.

5 Search Options

Seings
Mas. number o resuling entes: [3000
Min Foht 2thets Intersiy Phases
03 050 050 050

-0 - Muligke

I

Singe

[ Residuel Searching

Help

[V Chesk stiongest pecks

Defat Cancel

QualX2.0: a software for qualitative phase analysis from powder diffraction data

7 Check deleted cards.

Delta Ztheta
¥ Automlic value
025181

00

050
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cob . . . \1\: uM hela Ibensly P:ﬁfs

T FEEED ® average difference in peak positions; = ” @ = o

database . P B
® number of matched reflections; ‘ I R

QualX2.0 . X . . - —u

Features ® relative intensities. [ I; a

Card 107 M Srok. T I

pomeascuizo  The weighting factors on the contributions to the TEmemty  PEsemm FEomml

amples

QualXWeb FoM can be adjusted directly by the user by w| ] ol

meseErEh using the graphical interface
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Restraints

on the elemental composition

Search with restraints options

inclusive OR
inclusive AND
exclusive OR (just)
exclusive AND (only)

QualX2.0: a software for qualitative phase analysis from powder diffraction data
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Remarks 9 Pattern > Create Background to estimate automatically the background.
Suceesd The background can be modified manually selecting Pattern > Background
Databases Options

PDF

cop 9 Pattern > Subtract Background to subtract the background contribution

ihe POW-GOD from the experimental pattern

QualX2.0 9 Pattern > Peak Search to activate the search of peaks in the pattern. To
Features modify the default peak search approach press Pattern > Peak Search

Card .

Download QualX2.0 Opt’ons

Frampes @ sSsearch > Search-Match enables the search of database reference patterns
QualXWeb best matching the experimental powder diffraction data.

Research

Group Otherwise you can select step 5 just after step 1 to perform automatic data

reduction (steps 2,3,4 will be automatically performed)

QualX2.0: a software for qualitative phase analysis from powder diffraction data 22/35
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The problem is far from trivial

Automatic search may generate a massive number of matches

® Your diffraction pattern contains a large number of peaks. Inspect the peaks
carefully one by one, and delete those peaks that you are not really sure
about. Afterwards, run the search-match again;

® The current value of the tolerance on the 26 position may be too large. lts
modifications can be useful.

QualX2.0: a software for qualitative phase analysis from powder diffraction data 23/35
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QUALX2.0 in action

At the end of the search-match procedure a set of plausible crystalline
phases is provided.

The plausible database phases are ranked according to decreasing
values of the figure of merit (FoM) taking into account the number of
matched peaks and the agreement between the (d, /) values of database
phases and those ones of the unknown compound.

When a possible database phase (i.e., entry) is graphically accepted, its
contribution is subtracted from the list of experimental (d, /) values
obtaining an updated set of (d, /) values. The figure of merit is calculated
again by taking into account the updated (d, /) values (residual searching
option, default choice of QUALX2.0).

QualX2.0: a software for qualitative phase analysis from powder diffraction data 24 /35
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QUALX2.0 in action

QUALX2.0 enables to visualize the main crystallographic information of
each database entry by graphic interface. In the case of a POW_COD

database entry:

Main features
® \Web address of the source CIF file
of COD database
® Entry number (the same of the

source COD CIF file)

® The 26 values are calculated by
taking into account the wavelength
value supplied by the user

QualX2.0: a software for qualitative phase analysis from powder diffraction data

00-900-7060
€OD CIF File J fion_ card

Name

Mineral Name ~ Fluonts

Formula caFz

Quality C (calculated pattem

e 408

Reference Speziale, S. Duffy, T. S, Physics and Chemistry of Minerals, 29 ( 2002)

Space Group  Fm-3m (228
Crystal system Cubic
Cell parameters 3=5.4631 A

Cellvolume  163.05A3
Wavelength 154056 A
u { CuKa 302.024 cm-1

Calc. Density 3181 gom-3

Diffraction data

theta diA] Int hid  mult
282709 31541 89249 4 8
327591 27315 154 200 6
47.0062 19315 1000.00 220 2
867611 16472 303.08 311 '
564730 15774 1982 222 8
68,6626 13658 1513 400 5
758459 12533 9857 331 £
781814 12216 480 420 2
87.3727 11182 19274 422 24
942135 1.0514 7061 511 2%
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How to download QualX2.0

e Connect to http://www.ba.ic.cnr.it/softwareic
e Click on Register and enter your personal data

After your registration, you will receive an e-mail message
of confirmation and you will be allowed to download
QUALX2.0.

Software Available
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How to download QualX2.0

After registration, free download by connecting to
http://www.ba.ic.cnr.it/softwareic/qualx/

QualX2 download

scentiic,edcationa,

noncommercal sers andnotfor-rofit use .
Itis equired thepayment of  lcense e o commercialusers. B

distrbotionof Qual2, please, contact

osoér_insaléice )
TasugoF cowTENTS
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How to download QualX2.0

After registration, free download by connecting to
http://www.ba.ic.cnr.it/softwareic/qualx/

Qualx2
QualX2 download
pp—
nocommercalses and o rft e -
.m.,qm.m,.vm.:ml,:mmmm PowCod Download

distrbotionof Qual2, please, contact

MARCH 2017

1R Poweed o3 ()

osoér_insalésce )
TasugoF cowTENTS

NOVEMBER 2016

0 rowsdse
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Example 1: CPD2

(laboratory data - Philips X'Pert X-ray diffractometer, CuK a1, 2 radiation)

CPD2 is a four-phase crystalline mixture belonging to a set
of test mixtures prepared for a round robin on quantitative
phase analysis (QPA) organized by the International Union
of Crystallography (IUCr) Commission on Powder Diffraction
(CPD).

QualX2.0: a software for qualitative phase analysis from powder diffraction data 28/35
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Analysis

: CPD2 is a four-phase crystalline mixture belonging to a set
S of test mixtures prepared for a round robin on quantitative
- phase analysis (QPA) organized by the International Union
e of Crystallography (IUCr) Commission on Powder Diffraction
Qualx2.0 (CPD).

G Phase True w_t (%)

e corundum (AbO3)  21.27

QualXWeb fluorite (CaF») 22.53

Research zincite (ZnO) 19.94

brucite [Mg(OH),] 36.26
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Example 2: MIXT6.dat

MIXT_6.dat (laboratory data, CuK a1 radiation). It is an
example of a laboratory-prepared six-phase mixture. Its
composition is: corundum, lanthanum hexaboride, zincite,
calcite, potassium chloride, silicon.

The true weight fraction of each phase is equal to 16.67%.

QualX2.0: a software for qualitative phase analysis from powder diffraction data
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AP example of a laboratory-prepared six-phase mixture. Its
renrs composition is: corundum, lanthanum hexaboride, zincite,
— calcite, potassium chloride, silicon.
coo The true weight fraction of each phase is equal to 16.67%.
PR Phase
Qualx2.0 corundum
s lanthanum hexaboride
e zincite
QualXWeb calcite
gfgjgrch potassium chloride

silicon
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Example 3: Pompei
Identification of crystalline phases in the case of materials of cultural heritage
interest.
Casa della fontana grande - Pompei
( In cooperation with Dr. Fabio Galeandro,Soprintendenza di Pompei )
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Example 3: Pompei

Identification of crystalline phases in the case of materials of cultural heritage

interest.

Casa della fontana grande - Pompei
( In cooperation with Dr. Fabio Galeandro,Soprintendenza di Pompei )

Phase

Gypsum

Calcite

Hematite
+minority phases

IR s
M [T ] [

1 ]H'] TNE (L TELTACL T T T =

QualX2.0: a software for qualitative phase analysis from powder diffraction data

30/35



Qualx2.0

Corriero
Nicola

Outline of the
talk

Qualitative

Analysis
Main aim
Remarks
Success

Databases
PDF
COoD

The POW.COD
database

Qualx2.0
Features
Card
Download QualX2.0
Examples

QualXWeb

Research
Group

Final remarks

e X-ray powder diffraction is widely applied for phase identification of
crystalline compounds;

® The success of phase identification can be strongly influenced by the quality
of the experimental diffraction data and the completeness of the qualitative
analysis database;

® POW_COD is a freely available database for qualitative analysis built from
the crystallographic information supplied by the COD database CIF files;

® QUALX2.0, the updated version of QUALX, is the only software, in the
panorama of qualitative analysis computer programs, to be freely available
and able to inquire a freely available database (POW_COD).

QualX2.0: a software for qualitative phase analysis from powder diffraction data 31/35
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Found 10 uploaded data

omeFile Upleadata FSearchmatchuns  Last Search Match Ram

Qw0 search match e ——
(F:;wes ® share data with prye—— [E—
Download QualX2.0 other people; - s 1 JRa—
Examples X wreesn 261310163

® carried out search —
CUERIIED with restraints. e Pre—.
Research Votonndst mnosiems o e
Group PP P ——
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User can:

QualXWeb

Search-match results

manage
background
refinement;

perform peaks J
— J“‘UJ \' \hl

bt

search;
launch
search-match;

reload old
search-match
results.

u
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