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INTRODUCTION




THE PROCESS OF PHASE IDENTIFICATION

What do we need?

« Data: acquire data for the purpose of phase ID — qualitative quality is okay

 What do you do with it? How do you look at it? ’
—

« Software for phase ID: commercial, freeware; spreadsheet plot ﬂ
 Not absolutely necessary but it definitely helps é —

« Database (‘fingerprints’): commercial database, free database, books, individual files
» Historically, phase identification was done manually (Hanawalt, Fink methods) g




SEARCH/MATCH

e From the DIFFRAC.EVA User Manual (DOC-M88-EXX200 V2 — 09.2011)

“The Aim of EVA Search/Match
The purpose of EVA Search/Match is to search the current scan of an unknown material and then
identify reference patterns that are likely to explain the unknown scan. A Search algorithm is
applied, comparing the reference patterns of a database to the scan. The algorithm gives a rank to
the Patterns and lists the "best candidates"”. The user must compare the pattern to the scan and
accept or reject the found pattern. This is called the match procedure.”

© 2010 - 2011 Bruker AXS GmbH, Karlsruhe, Germany



BEFORE WE CONTINUE

Software and Databases shown and used in this presentation:

Software:
e EVA and Apex (Bruker)
e HighScorePlus (Malvern-Panalytical)
e QualX (Institute of Crystallography-CNR) — free for academic and non-profit

Databases:
e PDF-2 from the International Centre for Diffraction Data (ICDD)
e Crystallography Open Database (COD)
e American Mineralogist Crystal Structure Database (AMCSD)



DATABASES

e Inorganic and organic databases and crystal structure resources:

o PDE-5+, PDF-4 Minerals, PDF-4 Axiom and PDF-2 (Powder Diffraction File) from the ICDD
(International Center for Diffraction Data) — commercial - for phase identification
o ICSD (Inorganic Crystal Structure Database) — commercial * NO atomic positions given so

C o COD (Crystallography Open Database) — open access el G L
o AMCSD (American Mineralogist Crystal Structure Database) — open access

o CSD (Cambridge Structural Database; organic and organometallic) — commercial

o Published papers
= o Unpublished data: your files; research group files — create your own database; personal

communication

—

» CIF file —» convert to diffraction pattern then bring it into the phase ID software to try to match

« For more information on databases: see International Tables for Crystallography (2019). Vol. H Chapter 3.7, pp. 304-324
(Crystallographic databases and powder diffraction by James Kaduk) 7
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REMEMBER DIFFRACTION

Crystalline materials have long range
periodicity. Once you know the crystal structure
of a material you can generate a list of

expected diffraction peaks (peak positions/d- =>
spacings with relative intensities) and this is like
a fingerprint of the material. It is unique to the
material although there may be similar
diffraction patterns across similarly structured
materials.

X-ray diffraction experiment: An X-ray beam
interacts with a crystalline substance and
diffraction occurs when the Bragg equation is
satisfied resulting in a set of diffraction peaks.
These peaks are characterized by peak
positions (related to d-spacings), intensities,
and peak shape.

N\ = 2dsin®@ Bragg equation
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PHASE IDENTIFICATION
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e [t's like matching a fingerprint to known patterns in a database

PHASE IDENTIFICATION E
A

e Peak positions are key for phase identification
o Relative intensities are helpful but we know that the peak intensities may differ from ideal

e XRD is sensitive to structural differences; if you only have qualitative XRD data, you
should be careful of drawing conclusions about the chemistry of the phases
o chemical analyses and sample information help with phase identification

e Note: you need to do phase identification before you attempt to try quantitative phase
analysis (QPA)

11
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Match! — it is the set of peaks that make up the
fingerprint of the pattern. You need to
match the set not just one peak.
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NOT a match! — it is the set of peaks that make up the

CPS

fingerprint of the pattern. You need to
match the set not just one peak. The
absence of peaks should also match.
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POLYMORPH EXAMPLE

L 1 TiO2 e
. I POF 03-085-5714 Ti 02 &natase, syn
- I PDF 01-070-7347 Ti 02 Rutile
50 PDF 01-076-1934 Ti O2 Broaokite
-4.:I - - - - -
. * XRD is useful for distinguishing
" b/w polymorphs.
o
o * It's also clear when a phase is
o w not present.
&
B0
T
&
20
40
30!
y )
| © | 2 | 0 | % | ! | & ' 7 | 0 |

ZTheta (Coupled TwoThetaTheta) WL=1.54060

v | A I
v | |1 B RN
X

15



https://esivault.com

ESL VAULT




SEARCH/MATCH

e Search results are dependant on criteria input by the user

e Search results are suggestions or candidates

o Itis up to the researcher to select the most likely matches
o Automatic match function in the software can be helpful but the software has no idea if the

match that it selected is correct or not — that is up to you!

e An interactive process between the user and the software + database
o User knowledge, experience, and intuition are valuable to the process

Get to work! Start practising and gaining experience!

17



SEARCH/MATCH - SAMPLE INFORMATION

e Obtain as much information as possible about the sample

O

Where did it come from? What is likely to be in it? What are the reaction conditions? etc.
o What industry is it from? — geological, cement, pharmaceutical, battery, etc.
o Tip: useful to learn the language of the industry

Are there any chemical analyses available?

| usually ask the client to list every possible element in the system including anything the
sample came into contact with such as the reaction vessel, atmosphere, wash solution, etc.

Have a sample with no information? — start with a light/‘common element search with the mineral

database in the hope that it is a common substance

o Minerals are naturally occurring crystalline materials and many are common substances (with a
common name that’s easy to recognize)

If you get stuck, go back to the client and ask for more information.

18



SEARCH - NARROWING THE FIELD
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MATCHING
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SEARCHING - POSSIBLE ELEMENTS
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SEARCHING — CHEMICAL ANALYSES

XRF results

«  Grey — possible elements
* Red - excluded elements
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SEARCHING — ELEMENT SPECIFIC

Searching for

an oxide
Element focussed
Chemical Filter unknown 2023.raw #2 *
« Grey — possible elements _ POF-2 2022 ”
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SEARCHING — ELEMENT SPECIFIC

Element focussed

« Grey — possible elements
« Red - excluded elements

 Green — has to be there

*  Blue — one of the elements has to be there

- H He
- Li (| Be B (C|MN |.| F (| Me
> Ma || Mg Al | si || P T cl

| (K |Ca|Sc| TV |[[Cr|Mn|Fe (Coi M ||Cu|Zn (|Ga | Ge | As |S&8| Br (| Kr
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-
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oo A Th PR U N PuAn Cn Bk CF B Fm MG N L

No.| Ref. Code

Chemical Formula
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Rb Fe [ Se 04)2
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SrCaMiTe 06
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53 Fe2 Te OO
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5r2 Fe1l.33 Ted.&67 06
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5r2 Fel.33 Ted.&6Y O6

8ifpD 01-075-8549

5r2 Fe1.33 Ted.67 O6

9)ifpD 01-089-8379

Sr2 Cu (Te 06

10§fpD 01-072-4327

Cd2 (Te2 O7)

11§D 00-050-0401

Cusr2Te O6

12|{ifpp 01-075-9489

Sr2 ([ Fe1.33 Te0.67 ) O6)

13 b0 00-047-0010

5c2 Ted O11

14/§fpD 01-080-8053

Sr4 (V 02)2 (Se O3 )4 (Se2 05

15 ifpp 01-083-3020

Se Mn O3

16§D 01-076-3289

5r2 Fel.47 Ted.53 06

17 |0 01-077-5338

Agd [Mo2 05) (Se 04)2 [ Se 03 )

18/§fpD 00-055-0529

Cd2Te2 OF

19ifpD 01-077-5586

Cd4v2Te3s O15

20ifpo 01-070-0241

Mn ( Se 03 )

21|ifpo 00-031-0830

Mn Se O3

22ipo 00-036-0381

CaTe O3

23/ifpo 01-072-7832

Mn [ Se 03}

24/ifpo 01-085-2142

Ca3 Fe2 (Se 03)6

25ifipD 01-036-9658

Cu2 (Se O3 ) F2

26ifpD 01-076-9766

Sr(Te3 08)

27ipo 00-053-0208

3r2 Fe1.33 TeQ.67 06

28 ifpD 00-029-0857

5r2 MnTe 06

29|ifipp 01-082-3425

Yo Te O12

30§D 01-072-7831

{ Cul.25 Mn0.75 ) [ Se 03]

These are just a few examples — the search criteria should be tailored to your samples.
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SEARCHING - CHEMICAL FILTER

Element focussed

« Grey — possible elements

* Red — excluded elements

« Green — has to be there

* Blue — one of the elements has to be there

Search using common elements — all blue is okay

[o] W] v]v]vlv]v]v]v]v]v]v]v]v]v]v]v]v]

> E HE

> iH 5 c
ol | e
> kol almr o wn e e
> o o IR < » s
-

N

| Bl K

-0~ AR -
Ceonren > 15 51 5 5 55 0 55 0
i Ac T Pe U Np Pu Am Cm Bk CF Es Fm Md Mo U

| Clear H;dd Rest to None OQ

I:‘ Atleastone off HLIBCMOFMaMgAlSiPSCIKCaTiVCrMnFe CoNiCu Zn Ga Ge As SEX

B aor .

. None of: He Be Me Ar ScKr Rb ¥ Tc Ru Rh Pd Te Xe Cs La Ce Pr Nd Pm Sm Eu Gd Th D X

D Possible elements

25



SEARCHING - CHEMICAL FILTER

Element focussed

« Grey — possible elements

* Red — excluded elements

« Green — has to be there

* Blue — one of the elements has to be there

Don’t do this....... Why?

(o] [v]v]v]v]vlvlv]v]v]v]v]v]~]v]v]v]v]~]

ML

veste o] [ ] [0 [ ] ] o[ ] [ o oo ]

| Clear

| | Add Rest to None of |

I:' Possible elements

I:I At least one of:

X

.&lloﬁ HLECNOFMNaMgAlSiPECIKCaTiy

. Mone of: He Be Ne Ar ScKrRb Y TcRuRh Pd Te X

Information

Mo candidates found.

oK
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SEARCHING - CHEMICAL FILTERS

Element focussed

« Grey — possible elements

* Red — excluded elements

« Green — has to be there

* Blue — one of the elements has to be there

Some built-in filters are available or you can create your own.

Chemical Filter D

PDF-2 2022

mple.raw #1

Auto  Rebuid  Click to fikerndidates

[=]=][=][] Import E::q:nn:nr

DT

H
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Fr

Be
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Sr
Ba

Ra

5c

Y
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Lanthanides /
Actinides

Ti
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v

Nb

Ta
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Th

Cr

Mo

Pr

Pa

Mn

Tc

Re

Nd

Fe Co
Ru Rh

Os Ir

Pm Sm

Ni

Pd

Eu

Np Pu Am

Cu

Au

Gd

Cm

n
Cd

Hg

Tb

Bk

Al

Ga

In

Tl

cf

Si

Ge

Sn
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4

Clear

= Delete Share

As Se
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Er Tm

Fm Md

F
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SEARCHING - BY NAME OR FILE NUMBER

Scans Search List DB Preview

& & i Formula Mame
-3 1 si02 Quartz 2000
2 502 Quartz R (1 COD 9009666 Clana Calcte |
3 5oz Quartz ]
Search / Match DXX-example.raw #1 *® Quartz :
Listed 149 / 327624 Candidates in 0.0 . Quartz 40,000
Quartz ]
Quartz ]
Databases Match Lists Mames Options 1 Search by Number DXX-examp)e »
/ Quartz, low ]
i uartz 30,000
Use Filters Q o 1 Database:  Crystalography/Open Database (Min... -
Use? and * for partizl names e.g. high guartz | Silicon Cxide "g i
BO*HMIT?, And = O\ = b Mumber: COD 2009663 Insert
parenthesis for suthors e.g. (BOGUE), cuhy Abc Quartz, syn [
brackets for formwlas e, {CaC0O3), dash o Ma
regate the resuh 2.0, QUARTZ -BETA Or = Quartz, syn ]
B-guartz | Silicon Oxide 20,000
14 =102 quartz law, syn | Silicon Oxide ]
15 502 Quartz, syn ]
16 Si02 quartz low | Silicon Oxide ]
. - . 10,000
17 502 quartz low | Silicon Oxide 1
18 Si02 quartz low | Silicon Oxide
19 502 quartz low | Silicon Oxide ] }L l
20 502 quartz low | Silicon Oxide o T A .I. J'”l i -
21 sio2 quartz low | Silicon Oxide g SRS IR It IR Tk ' - ' i T
22 502 A-5i 02, guartz HP, syn | Silico. .. 2Theta (Coupled TwoThetaTheta) WL=1.54060
23 sSio2 A-5i 02, guartz HP, syn | Silico...
24 502 A-5i 02, quartz HP, syn | Silico...
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SEARCHING - BY CRYSTALLOGRAPHY

Edit - [Untitled] ... Restrictions

|§ubﬁ|es ” Chemistry || Quality || P cCrystaliography || Strings " MineralZeolite Cias;l

Min

a[Al: 5.405
b [A]: 5.405
c [AL: 5.405
alpha [¥]:

beta [#]:

gamma []:

ratio ajc:

@ Min - Max

Value - Deviation [%]

Min May
Zensity [g/cm~3]: |
Mo. of Formula Units (Z):
Reference Intensity Ratio:
Cell Yolume [B~3]:
Space Group Mumber:

-

Zubic -

Crystal System:

Clear

148 patterns of 327624

Load

Save as Subset

| Close - |

Less <<

Select Restriction Set

Description:

Untitled

X B S| R

| Candidates: N | P searti "
Mo, | Ref. Code Cryst, Syst. Space Gr... | Cell Compound Mame

1 Eﬂn 03-065-2974 | Cubic Fm-3m 3 5.406 - b 5.406 - ¢ 5.406 Mickel Silicon

Ellgun 00-047-1655 | Cubic F-43m a 5.407 - b 5,407 - ¢ 5,407 Cobalt Zinc Sulfide

EEUD 00-016-0576 |Cubic F-43m a 5.405 - b 5.405 - c 5405 Strontium Arsenic Sulfide
4@00 01-085-8538 | Cubic F-43m a 5.406 - b 5,406 - ¢ 5,406 Zinc Sulfide

EEUD 01-081-5205 | Cubic F-43m a5410-b5410-c 5410 Copper Sulfide

Elgun 01-071-5971 | Cubic F-43m 3 5.409 - b 5.409 - ¢ 5.409 Zinc Sulfide

?llgun 01-073-8755 | Cubic F-43m a 5.409 - b 5,409 - ¢ 5,409 Mickel Zinc Sulfide

Bl@un 03-065-4586 | Cubic F-43m 4 5.409 - b 5,409 - c 5,409 Mickel Zinc Sulfide

BEUD 03-065-9585 | Cubic F-43m 3 5.409 - b 5.409 - ¢ 5.409 Zinc Sulfide

11}@00 010714258 | Cubic F-43m a 5.407 - b 5,407 - ¢ 5,407 Cobalt Iron Zinc Sulfide

11 Eﬂn 01-078-2500 | Cubic Fd-3m a 5.406 - b 5.406 - ¢ 5.406 Silicon

12@00 01-072-2669 | Cubic F-43m 35411 -b 5411 -c 5411 Mickel Zinc

Hllgun 03-065-9470 | Cubic F-43m 5411 -b 5411 -c5411 Mickel Zinc

Mlgun 00-050-0202 | Cubic Fm-3m 45413 -b 5413 -c5413 Cerium Gadaolinium Yttrium ...
15@00 01-080-6505 | Cubic Fm-3m a 5.405 - b 5,405 - ¢ 5,405 Calcium Cerium Cxide
16@00 03-065-7441 |Cubic F-43m a5411-b 5411 -c 5411 Manganese Zinc Sulfide
1?@00 00-027-0843 |Cubic a5410-b5410-c5470 Meodymium Antimony Oxide
18@00 01-081-9692 | Cubic Fm-3m a 5.406 - b 5,406 - ¢ 5,406 Cerium Yttrium Oxide
19@00 01-080-6915 | Cubic Fm-3m a 5.405 - b 5.405 - ¢ 5.405 Cerium Oxide
20 Eﬂn 071-080-5532 |Cubic Fm-3m a 5406 - b 5406 - ¢ 5406 Cerium Yttrium Oxide
21 Eﬂn 01-073-2568 | Cubic F-43m a 5.406 - b 5,406 - ¢ 5,406 Zinc Sulfide
Zzlgun 01-082-9331 |Cubic Fm-3m a 5.406 - b 5.406 - ¢ 5.406 Cerium Cxide
}_'Sllgun 01-075-0167 | Cubic Fm-3m a 5405 - b 5405 - ¢ 5405 Dysprosium Cerium Oxide
24@0[! 01-089-4958 |Cubic F-43m a5411-b 5411 -c 5411 Manganese Zinc Sulfide
ZEEUD 01-074-6110 | Cubic F-43m 35411 -b 5411 -c5411 Zinc Sulfide
26 Eﬂn 03-065-1691 | Cubic F-43m 5411 -b 5411 -c5411 Zinc Sulfide
ZTEUD 01-081-9649 |Cubic F-43m a 5.409 - b 5,409 - ¢ 5409 Molybdenum Phosphide
?_EEUD 01-071-6544 | Cubic F-43m a5412-b5412-c5412 Zinc Iron Sulfide
29 Eﬂn 01-083-5829 |Cubic Fm-3m a 5.406 - b 5406 - ¢ 5406 Cerium Praseodymium Oxide
ml@un 01-080-4831 |Cubic Fm-3m 3 5.406 - b 5,406 - ¢ 5406 Cerium Praseodymium Oxide
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SEARCHING - BY UNIT CELL

« an aside: (single crystal) users sometimes do phase ID by checking the unit cell

‘CRYSTAL DATA

DETERMINATIVE TABLES

THIRD EDITION
VOLUME 4

INORGANIC
COMPOUNDS

ORTHORHOMBIC

a/b c/b a

0.5729 0.5437 | 9.81

Past —used | Cordierite

cell ratios 1f.127+21, 9.812%6, 9.312+3)bac.

aggregates.

tallography.net/cod/2300571.html

Information card for entry
2300571

2300570 << 2300571 == 2300572

Preview

HM:P 21 21 21 #19
a=5.963A
b=9.0424
c=18.401A
«=90.000°
B=90.000°
y=90.000°

2300571 cif
2300571 hkl
HTML

Coordinates
Structure factors
Original paper (by DOI)

Unit Cell:
a= 5.96A. a=90.00°, V=933A°
b= 9.05A, B=90.
=90

00°,
c=18.39A, y=90.00

IFormula
None
C12H1002S 59 9.01
C12H1002S 59 9.3
C12H1002S 59 9.04
C12H10025 59 9.05
C12H10025 597 9.04
31H11002S 597 9.05
41H10025 597 9.04
CRH10025 597 904
C11H1002S
|C11H10025 59 9.04
|C11H1002 S 59 9.04
fic23H30N202 1854 606
ficioH12025 601 9.03
JcioH7N202 881 1836
flceH2Ng 04 572 8381
1]

Orthorhombic P

18.38
18.39
18.40
18.38
18.39
18.41
18.41
18.41

Blements Fitter:

Only These Elements

Databases
B ~rexos [ cso
created:
20151119

Locate Structure

90.00
90.00
90.00
90.00
90.00
90.00
90.00
$0.00

90.00
90.00
90.00
90.00
90.00
90.00

B cop

created:
2022-12-19

et bt |t far1 [B13 [viT |Spacedl
597 904 T84T JUUU JOU0 SOU0 7

90.00 90.00 P 2121
90.00 90.00 P 2121
90.00 90.00 P 2121
90.00 90.00 P 2121
90.00 90.00 P 2121
9000 90.00 P2121
90.00 90.00 P2121| |
3000 9000 P 21217
90.00 90.00 P 2121" ‘
90.00 90.00 P 2121
90.00 90.00 P 2121
90.00 90.00 P 2121
9000 90.00 P 2121 (<)
91.55 90.00 P 121/d~]
GD)

Search

8 local CIF/RES

created:
2025-07-09

Oism [~ WM W " ) DYy a @ O» R
Automatic Mode e -Manual Mode
Statat: | Collect Data [~] ['We collect Data
Stop after: | Search v | ) Harvest Spots
85 1
Run Irrdex
80 1
@ Do nains
75 Bray ais
@ Refin:
70
65 - -
Unit cells:
60
a= 5.96A, a=90.00°, V=993A° Edit...
b= 9.05A, =90.00°, Orthorhombic P
c=18.39A, y=90.00° Delete
Delete Al
Reflections:
I Group 0: 78 reflections Edit...

Present — search unit cell

Light blue.

From B1S]
Opt. neg.: 1.554
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SEARCHING - RESIDUAL PEAKS

= Anita ~ B9 | P search
! File Edit View Treatment ReferencePattens Analysis Reports Tools Customize Window Help

: [ Pos. [28]: 55.782 ||| d-spacing [A1: 1.6467 | [ Counts: il @ Qa3 [ &~ - B i FtXRD - If B A B SR - D Avtomatic - | [0 Parameter(s) varied | [0 Constraint(s) |
b | oo el e - e @ e s T | T B AR A BT X M R B S

) = | Anita HighScore Plus - pegmatite 20 for CPDW - Last saved: 2025-06-27 12:31:19 PM - =

T8 pegmatite 20 for CPDW -Last saved: 20250627 12:31:19PM 21 > (7] x ‘ *
o Scation | Object Inspector | Smart Batches | Anchor Scan Data | Pattern List 3 |Pesk List | Scan List |
1,
Accepteds, . Pattem: None
= No. | Visi... |k f. Code Compound Na... Chemical Form...| Mineral Name Common Name «
1| = L 71-080-1094 |Sodium Alumi.. |Na AISi3 08 | Albite sodium tecto-al.. ¢
0 Counts _ 2| @ D0, 089-1961 Silicon Oxide | Si 02 Quartz, syn b
S pegmatite 20
. 01-080-1094; Albite; Sodium Aluminum Silicate; Na Al Si3 08
2 Ml 01-089-1967; Quartz, syn; Silicon Oxide; Si 02
& | i —] ’
= ° A H d H | | H I I | Selected Candidate: 00-007-0032, [ B search
® utO'reS| ue WI automatlca y ! [%. 5| minerai name | chemical Formuta -
- Lagalyite, syn | Ca2 Mn14 027 xHZ O
Iy - k d . d h h > 36| Muscovite 2M1, ... |K AI2 5i3 Al 010 (O H)2
= re-rank candidates to match tnhe \Eun 1250017 Qe 20O (L€, 3 0) A2 55 AOO(O A2 |
40000 — ‘l D 01-089-6216 Muscovite-2M1 ( K0.727 Na0.170 Ca0.011 ) ( Al0.933 Fe0.016 Mg0.011
@ - 5 pD 01-071-1808 Ixialite. Ta0.42 Mn0.30 Nb0.24 Ti0.02 02
3 reS I d u al eaks 6{{EpD 01-062-2882 Muscovite-2M1, ... |( K0.865 Na0.135 ) [ AI1.886 Fe0.07 Mg0.036 Ti0.006 ) ..
L . 7|{Epo 01-078-5138 Wite, syn (NR) | (KO.71 Ca0.01 Na0.01) (AI1.86 MgQ.15 Fe0.04) ((Si3..
i 3|iEpo 01-072-1503 Muscovite KAI2 ((AI5i3) 010] (O H)2
" o|iEpo 01-075-1718 Petalite Li (AI5i4 010)
10 Muscovite-2M1, K0.96 Na0.04 AI1.71 Fe0.29 [ AI0.91 Si3.09 010] (O H
1162 Muscovite 2M1 | (KD.94 Na0.04 ] (Al1.88 Fe0.12 Mg0.07 Ti0.03 ) ([ Si3.n
12/iE Sodalite (Na7.7 (Mn 04)1.7 (H2 0 10.8) (Al 5i 0416
13 i Bicapite K1.488 Na1,932 Mg1.388 ( H2 P V14 042 ) (H2 O J24....
144iE Muscovite-2h1, .. |(K0.96 Na0.04 ) { Al1.71 Fe0.29 Mn0.01 ] ( Si3.09 AI0.S..
154 Muscovite-2M1, ... |( K0.936 Na0.06 Ca0.01 ) [ Al1.83 Fe0.16 Mg0.01 ) { Si3.
1612 Sodalite (Na7.7 (Mn 04)1.7 (H2 0 10.8) (Al 5i 0416
174iE Muscovite-2M1 K (AI2.8 531 010} (O H)2
18/{EpD 01-087-0691 Muscovite-2M1, .. |(KO.94 NaD.0G } { Mg0.08 AI1.75 Fe0.15 Mn0.02) ( (AL,
194iEpD 01-073-9544 Na7.5 (AI6 Sif 024) 545 D205
20{{EpD 01-084-1305 KAI2S5i3.1 010(OHJ2
21/iEpp 01-072-3634 Tennantite-[Cu}]  |( Cu5.28 Hg0.72 ) Cu6.06 [  Sb2.92 As1.08) 513}
22|{Epo 01-083-5378 K0.82 (A13.19 512.67) 010 (O HJ2
20000 —) 23|{Epo 01-070-3754 Muscovite 2M1 _|K (AM 5i2 08 (O H)3)
24|iEpo 01-082.3723 Muscovite-2h1, ... |(K0.93 Na0.052 ) { Al1.713 Fe0.149 Mg0.093 Ti0.02 M...
25 ( Na0.07 K0.90 Eal.01) (AN.34 Ti0.04 Fe0.07 Mg0.04 ..
26F AI2Si205 [0 H}4(HCONH2)
27|if Tennantite-{CU)  |( CuS.28 HQ0.72] CUB.12 [ (Sb3.16 ASD.84) 513)
28{iE Muscovite-2M1, ... |KD.93 Na0.07 Al1.66 Fe0.18 MgO.16 [ AI0.82 5i3.18 O1.,
29|if Muscovite H4 K2 (AL, Fe )6 5i6 024
30(iE Muscovite-2M1, ... | (K, N H4, Na] AI2 (Si, Al }4 010 (O HJ2
314 Sodalite (Na7.7 [Mn 04)1.7 (H2 O J0.8) ( Al 5i 046
32|12 KAI2.9 53,1 010 (O H)2
33|i2 NaB ( AI6 Si6 024) CI2
342 Muscovite-2M1 | KD.84 NaD.13 Bal.01] ( AI.87 Fe0.15 Mg0.06 Ti0.04 .
35 iE Tetrahedrite, syn_|( Cud.81 Fe2.19) Sb 513
361 Muscovite-2M1  |( K0.82 Na0.18 ) [ AI1.97 Fe0.03 ] { Al 5i3 010) (O H)2
37 Muscovite-2M1, K0.94 Ca0.06 Al.88 Fe0.12 Mg0.04 [ AI0.93 Si3.07 O1..
38i2 Muscovite-2M1, ...|KD.92 Na0.0B Al1.86 Fe0.14 MgO.02 [ AID.S7 5i3.03 O1.,
39iE NaB ( AI6 Si6 024) CI2
[l 40[iF Tetrahedrite-Zn) | Cu9.3 Ag0.0 Zn1.36 Fe0.06 $b3.88 513
T T T T T T L 41| KAIZ9Si3.1 010 [0 H)2
10 20 42{{Epo 01-086-1386 Muscovite-2M1 K094 Al1.96 [ AID.S5 Si2.85 010 ) ({0 H J1.744 F0.256 |
43|{Epo 00-019-0814 Muscovite-2M1, ... [K (Al V)2 (5i, Al4 010 (O H)2
44{{EpD 01-089-7536 Muscovite-2M1, .. |(KO.94 Na0.03 ] ( Al1.67 Mg0.04 Fe0.34) ( 5i3.26 AI.7.,
Position [°28] (Cu K-a1) 45|{Epo 01-075-2987 Unnamed mineral |( Na5.28 K140 Ca1.23 ) (i Al O4)6 ((5 O4)0.77 (C
45/iEpD 01-083-6528 (Cul0.6 Mn1.4) 5b4 513
47(iEpp 01-082-3724 Muscovite-2M1, ... |( KD.79 Na0.04 Ca0.03 ) [ Al1.84 Fe0.07 Mg0.1 )  Si3.1
48{{Epo 01-076-3462 T syn_[(Cul02Fe18)5b4 513
L 49|{Epo 01-082-3722 Muscovite-2M1, .. |( KO.85 Na0.09 ) (AI1.66 Fe0.14 Mg0.01 ] (§i3.12 AID.8.
<@ » 50|{Epp 01-082-3720 Muscovite-2M1, .. |(KO.87 NaD.06 ) [ AI1.7 Fe0.3 Mg0.02 Mn0.03 Ti0.02) (.
i scines view | b a0 view | 2 20 view | Compare view ‘h e — ‘l L5 pattem view ‘ — ‘ 511iE0p 01-076-8334 o ML LID.58 b5 oL L1 DI Mo T Z

Auto
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SEARCHING - SPECIFIED PEAKS

Data Command

Peak List #2

IIfr Gray all except selection

I E| Show Selected Patterns in Ruler
Tk Expand Al Nodes

B+ Collapse All Nodes

X Delete

& Cear 0,000
¥ ocut

A0 Copy

IE‘ Paste

O Select Parent
(72 select Children

¥ Invert Selection

2. S'eiarch against the peak listjto

OB e T - g k-

[1_POF 01-077-3163 5n02 Tin Owide |

G000 7000

000

]
1., tmport from Files I D th k d k ~
B2, Export Fitted Peak(s) e l I I ar e p e a S 8
=
Create = 0000 -
: g y B
[ Peak Column View o o by -
f ] 3
[57 Peak Chart view g » <
=
Tool A I R e U S SSEEEEE A —\—-\m.,‘_,, S
& apply Default Colors 20,000 = T T T T T T T T T T T T T T T T T T
Chemical Fiter 30 a1 3 33 34 38 38 37 38 33 40 41 4 4 45 4 4
CW Database Filter
m% Search [ Match (peak list) ]
1L Make DIF
!%. Mormalize 10,000
I3 profile Fit
Sort by A .
1 g '
Import Order 2 =
Angle :I
d value D1 e e 4 - R Al £ AR ALN ! & A
. T T T T T T T T T T T T T T T T T 1
Net Intensity 1 2 0 40 =0 80 T 80 £
Gross Intensity 2Theta (Col pled TwoTheta/Theta) WL=1 54080
o
Data Description
v Document
~ Views
; I 2Theta View Sample 1 25C (Coupled TwoTheta/Th...
v Pattern Matching
Pore Setd
« /][] 2mheta 15can
w Sample 1 25C.raw #1 Sample 1 25C (Coupled TwoTheta/Theta)
[ puemistss  souten 1. Mark the peaks in question
[1 PoF 010775165 5002 Tin Oxide - S
w|v|[ Pesklist#2 4Pezks
[0 peak#1 30.627 %, 1004,72 Counts

; E Pezk 2 31.975 %, 853.653 Counts
; E Peak =3 43.842°, 341,506 Counts 32
[0 Peak 24 44,867 %, 614,833 Counts



SEARCHING - SPECIFIED PEAKS, DIF PATTERN

Data Command %

DIF (Sample 1 25C.raw) -

I Gray all except selection

I ﬂ Show Selected Patterns in Ruler
ok Expand all Nodes

# 1 Collapse All Nodes

X Delete

& Clear

¥ cut
'D Copy
[ Paste
[} selectParent
20 Select Children
01. Invert Selection
Create Separate List

File A

1, tmport from Files
F*A Export Fitted Peak(s)
i Export DIF...

S.F Export Cif...

3."’- Export Str...

Create A

5] 10 view
[8] DB vien
ﬁ] Stick Column View

Tool

W Chemical Filter
,_ﬂ Database Filter
& search / Match (pattern)
4?; Search by Mame
3 search by Mumber
§7 dxby
m | Create KB-Pattern
[, create wLa1-Pattemn
[ Residue
hﬁl Auto Residue
Hide Sticks
J‘.'}ﬁ" Make Peaks
12 Profile Fit
:EE‘ Auto-scale
o 100% Scale
User Database

El

Create Scan Data

Associate Peaks and Pattern
Select Peaks and Pattern Assodiation

Cancel Peaks and Pattern association

A e A S U )

£0.000

40,000~

30,000

Counts

3. "Search against the DIF pat
tg ID the remaining peaks

TERR D
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g0
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I PDF 01-077-3163 Sn02 Tin Cxice
1 CIF (Sample 1 25C ravw)

N )
10.000-]
I i = m ‘ . H
j \ = 2 ] A - ; *\
0 St el — = : -
r T T T T T T T T T T T
10 20 30 40 ] 0 70
2Theta (Coupled TwoTheta/Theta) WL=1.54060
oot res 2. Create a DIF pattern »
Data Description
v Document
é Views
- Pattern Matching
Coae o set1
v {v][[] 2theta 1Scan

Sample 1 25C.raw #1
v/l pattemnlist #1
][0 poF o1077-3183

[ peaktist #2
(1 peak 1
E Peak =2
E Peak #3
E Peak #4

v E DIF (Sample 125C.r.

Sampls 1 25C {Coupled TwoTheta,Theta)
2 Fatterns
SnO2 Tin Oxide

4Peaks

30.627 ®, 1004.72 Counts
31.975 ®, 853.653 Counts
43.842 °, 341.606 Counts
44.867 °, ©14.833 Counts

1.

Mark the peaks in question
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STILL HAVING

ROUBLE?
OTHER TIPS AND TRICKS

ll“




CHANGE DATABASES

« Sometimes a pattern or clue to the unidentified phase might be in a different database

E'x_

- Use |Database Location {ent Type Properties | Convert | Writable | Database Type
D PANalytical Example Database ~ | |C:\Users\User\Documents \PANalytical\HighScore \ExampleDb) file HighScore(Plus) V2.X d& General Decimal Places Database DE Patterns Filters YRE Fit Colors 5
€OP CsD_MOFs_13k C:\Databases\CSD_MOF_Collection\CSD_MOFs_13k.hsrdb Converte&IF files HighScore(Plus) V3.X dz
COP COD24_HS4x ~| |C:\Databases\COD24_HS4x.hsrdb Converbe#IF files HighScore(Plus) V3.X dz Search / Match Databases
. : = 1 - ]
™ CSD Database, The Cambridge ...| ¥ |C:\Databases\CSD_2024_1_Database.hsrdb |CSD base HighScore(Plus) V3.X dz | Enahle Deleted” POF Patterns
/ Enable "Hypothetical” POF Patterns
+" | Enable “Alternate™ PDF Patterns
+' | Auto-Search Results as Candidates
| [T 4 Rememb
Total Number of Patterns: 1233377 Disk Usage Default Databases
| Crystallography Open Database (rev. 269086)
Crystallography Open Database (Minerals) (rev, 294365)
) CSD Da...24-544 1233377
C:A
0 30 60 90 120 150 180 210 240
Gigabyte
‘ Add HighScore Database... ‘ ’—/) Search for databases v ’ ‘ Create new empty database... ‘ | Convert v OK | ’ Cancel
35




PEAK SHIFTS (see next slide)

Counts
sugar - shifted; Start: 4.9000; End: 89.8600; Step: 0.0300
. 00-024-1977; Sucrose; C12 H22 O11
60000 —
40000 —
20000 — ll I
| {\ N ‘\/\ | || /\
| | }' | | I (\ |
| .’ { { } ’\ | | ) f / ‘\ 0 | . \/\.
{S— aal 4 ’//}/ /)/} J} u’/ l/\ / Jﬁ /’\N A ‘/} /’}/M /) fy -/ ‘\l\/ \\\,/\.J \\ 7\ .-f'/\‘“‘/\ /V\"A /{ ‘\} \\'-// \\ /) ...-‘M\ e A /’l
. 4 I — \ A o A 2 . a4 \ S ’ T\ I |V DR BN AN e el \ e
o Lt A A e T
| T T T T T T T T T | T T 1 T T T T T T T T T T T | T T T T T T T | T T T T
40 50

10 20 30
Position [°28] (Cu K-a1)



PEAK SHIFTS (see previous slide)

Search & Match - [Untitled]

| P> pestrictions || Parameters || Automay'cl

Pattern List
i Search
Quantificd Data source:
Anchor S Peak Data -
” Accepted Patten
|No.|Visi... |Re Scoring scheme:
@ Single phase Multi phase
e "¢"Hot selected
Auto residue E0 U oNg —
QK
Match intensity Allow pattern shift |7|
| Cancel - |
Known Twa Theta shift [228] 0.000 7 |m|
T
4] i _ — [3
| Candidates: | 0 search
No.|Ref. Code t 5| Compound Mame Chemical Formula

1}ifpn 00-062-1061

Diaqua 1,4-bis(imidazol-1-...

F
Co (H2 0)2 (N2 C3H3) C6 H4!%|

2o 01-082-5942

Curium Cxide Sulfide

Cm10 O 514

3|§fpo 01-076-9357

Calcium Mercury

a8 Hg54 [ Cal.92 Hg0.08 )

4|ifpn 01-085-1407

Sodium Calcium Iron Vana...

[ MNa0.7 CaD.3) (V7.6 FeD.4) 02

5 [ifpD 01-086-6420

Mercury Yiterbium

¥b11 Hg34

6§D 01-070-5161

Thallium Tin Fluoride

(TISF3)(5nF6)

Tl@nn 01-081-8277 Mercury Yiterbium ¥b14 Hg51

Ellgnn 01-087-2745 Barium Zinc Iron Oxide Baf Zn5 Fed2 074
ann 01-071-1187 Eromine Antimony Fluoride |[BrF2)(5b F&}
1l}|imnn 00-053-0122 Cadmium Chloride Thiourea | C2 H8 Cd CI2 N4 52

11 |ifpD 00-083-1141

Lithium glycolate monohy...

CZH3LiIO3 - H2O

12|ipp 00-070-1030

4 5-Dihydroxy-1-phenethyl...

C11 H14 N2 O3

13@00 01-085-9599 Cesium Hydrogen Sulfate ... |[Cs3 (HS0O4)2(HZP 04
14@0 01-085-3221 Cesium Hydrogen Sulfate .. |[Cs3 [HS 042 [H2ZP 04
15|@nn 01-082-4378 Earium Mercury Zinc Ea Hg3.40 Zn0.60

16)ifpD 01-087-1598

Potassium Hydrogen Germ...

K3 H(Ge7 016) [H2 O)3.137

17|ifpD 00-041-1368

Calcium Manganese Silicate

Ca Mn14 +3 5i 024

1E|@nn 00-070-0293 Silver Zinc Iron Molybdate |Ag Zn3 Fe (Mo 045
19}@00 03-065-1166 Erbium Germanium Mickel |Er Ge2 Mi3
?_{‘.!lngnn 01-076-9694 Tin Gallium Indium Titaniu...|Ga3.18 In0.82 5n2.7 Ti0L3 012

21|ifpp 01-073-0898

Tin Oxide Hydroxide Phos...

Sn3C[OH)(PO4)

zz}gnn 01-076-1846 Calcium Silicate Ca(SiO3)
23@00 00-069-0836 Maphthalene CloH2
24}@10 01-083-0495 Potassium Zinc Deuteride K3 [Zn D5} —

P ——

[ Restrictions | Parameters || Ia.1.|t::r|-|a§c|

P Rectrictions | Parameters || Automaljc|

Pattern List Pattern List
) Search | ) Search
Quantificz Data source: Quantificz Data source:
Anchar 5c Peak Data - Anchor Sc Peak Data -
Accepted Patten Accepted Patten
No. | visi... | et Scoring scheme: No. | visi... |Ret Scoring scheme:
@ Single phase Multi phase @ Single phase Multi phas _
-+~ selected; redo search
Auto residue Demote unmatched strang [ Auto residue -
OK Ok
Match intensity Allow pattern shift |7| Match intensity < | Allow pattern shift ) |—|
| Cancel |~ | | Cancel |~ |
Known Two Theta shift [*26]: 0.000 7 |7More . | Known Twe Theta shift [=28]: 0.000 2 |W|
: L S e — = "
4 I | 3 A il | 3
‘A = =
| Candidates: | P sucrose ) x | Candidates: ~ | P sucrose x
|No. | Ref. Cade 4 5| Compound Name | Chemical Formula No.|Ref. Code [ Compound Name Chemical Formul
47{{EpD 00-023-1K7 Sucrose cizHz2011 J
* no candidates found
 Allowing a pattern shift
brought sucrose into the
candidate list
37
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PEAK SHIFTS (see previous slide)

A Rl AT O SO RGN W10 - 39 <1 8 = S S | 0=

=3
o] Matched 253943 / 260302 Candidates in 2.6 s.
Databases  Match Lists Names Options
o Criterion: 2-Theta Window: \>
2: Meutral | )
= * You can change the 2-theta search
window-to-get more candidates.
« Searched against a DIF file here

* A 2-theta search window of 0.16 did
not return the correct result but a

A, %ndgw of% diq_;__w___, .

‘ :I ‘ Jc i 52 53 % 55 =
1O () 3¢y
Data | Description |
=) Document
5 Views
= Pattern Matching
[+:[]  set1
[=Fv|[[] 2Theta 1Scan
é, m sugar_shifted.raw #1 (Coupled TwoTheta/Theta)

(=] [] Pattern List #1 1Pattemn

O v e

38
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PEAK SHIFTS — SOMETIMES YOU HAVE TO SQUINT, part 1

200 —{scan in question

OOOOO

1. student run sample; had trouble
h identifying phase(s)

y k
‘Wmf | |

[ scan in quest ion . .
\ 6000 ) 2. scanned a similar sample (black scan;
W different operator and instrument)

4000 —

2000 —

Position [°20] (Cu K-a1)



PEAK SHIFTS — SOMETIMES YOU HAVE TO SQUINT, part 2

Counts

zY
can in question

3. scaled up; if you squint you can sort
of see similarities

4000 —

VAL

iy | e aueston 4. shifted by -0.8°26; now able to
identify what was made in student’s
experiment

2000 —

* There was severe displacement —
4000 sample preparation was not
understood by the student and the
original sample was not prepared

properly.

Position [°20] (Cu K-a1)



MINOR PEAKS - Check for Kgor WLa, lines

Counts
8000

6000 —

e Sometimes th¢
difficult to iden

4000 —

2000 —

BD white 20250407
B 01-086-2334; Calcium Carbonate; Ca (C 03 )

are’s a trace peak that is

tify, check if it is a spectral line.

M

I K51 [=26]: 26.525
W L-a [=29]: 28.166
Ml ko1 [=26): 29.412
K-aM [=28]: 29.437
K-a2 [°26]: 29.487

20

30

Position [°20] (Cu K-a1)

40
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SOLID SOLUTION —d x by (d multiplied by)

Data Command n b4 1D View #1 @

PDF 00-005-0586 A

.'|rt Gray all except selection
I ﬂ Show Selected Patterns in Ruler

2o- - |- R T R

BB KR D

1

A\ o P : W +hk
_*{'_-“LHL —ah gl SR

S ) SE A2 S e M- R

L

Bl Expand All Nodes ]
£+ Collapse All Nodes 28] || PDF 01-083-3085 Ca(CO3) Aragarite, syn
* Delete —z=] 1 PDF 00-005-0586 CaCO3 Calcite, syn
& cut 2.400-]
'D Caopy - i
B Paste 2,300
[T Select Parent 2.2-53;
2% Invert Selection 210 1
Create Separate List - __
il 2,000
ile A i
1,900
\-QN Impart from Files = i
F-*, Export Fitted Peak(s) 18004
L ExportDIF... 1,700
SIF, Export Cif.. o]
;m Export Str... ]
1,500
Create ~ 4
— ERNRS
1D View 5 4
E‘ DB View S '.30:)—_
[T) Stick Column View 1,200 d x b'v PDF DD-D05-0586 o
Tool A .,|oo:
T Cherical Fiter o] 1.050 Max Default
ﬁv Database Filter -,53__
I search / Match (pattern) o] 0,935 d Multiplied By sess  sbd=
45 Search by Name ] *
_O; Search by Num'er 700 . .
‘l‘c?dm AN 0.95 Min |
‘||'> Tune Cell ]
51l create KB-Pattern =
al I Replace Append
§il, create w La1-Pattern 400-{
‘l‘;f; Residue 3,:,3_- I‘P 1 1 J{
B auto Residue 1 1 b JL,
1% N AL t___J,_ Lt Thi s U Y
1% Make Peaks 100
[ Make DIF o]
T T
j&_ Profile Fit -Ia zla }Ia &!) 5'3 r:»la
‘;F‘ Auto-scale 2Theta (Coupled TwoTheta/Theta) WL=1.54080
o7 100% Scale
;e Dt o « Solid soluti mple - M bstituting for Ca i t
o . olid solution example — Mg substituting for Ca in
[\, [hkl] Generator al esaipion
Create Scan Data v Document H H H H H
A5 e calcite resulting in contraction of the unit cell
- N N - Pattern Matching
Assodate Fears and Fattern > Set 1
Select Peaks and Pattern Assodation 13 M M
v 2Theta 1 Scai I I l I I l
Cancel Peaks and Pattern association D " b The d-values are UItIpIIed by the Sa. e faCtOr,
w1 csand.raw #1 CSAND (Coupled TwoTheta/Theta)
v Pattern List #2 2Pattems

/|[1 PoF 01-083-3085
[1 POF 00-005-0585

Ca(CO3) Aragonite, syn
CaCo3 Caldte, syn

simulating an isotropic dilation (factor >1) or contraction 42
(factor <1).” (from DIFFRACplus EVA user’s manual)




TUNE CELL - check for anisotropic unit cell shift

T x 1D View #1 @

Data Command

PDF 01-080-8486

[Fr Gray all except selection

I E| Show Selected Patterns in Ruler
b Expand Al Nodes
B+ Collapse All Nodes

X Delete

¥ ocut

Copy

5‘ Paste
0% select Parent

File

WN Import from Files

A2, Export Fitted Peak(s)
L Export DIF...

¥, Export Cif...

;TR Export Str...

Create

,FJ‘ DB View
m' Stick Column View

Tool

Wi Chemical Filter

:ﬂ Database Filter

| search f Match (pattem)

+2X Search by Name

9 search by Number

‘“9 dxby

| h') Tune Cel

.‘ﬁll Create KB-Pattern

$il, create w Lat-Pattern

[ Residue

“ﬁl Auto Residue

|l Make Sticks

1‘.‘:[%! Make Peaks

11 make DIF

f& Profile Fit

gm Auto-scale

o 100% Scale

[k User Database

T k] Generator
Creste Scan Data

Fit

Select Peaks and Pattern Association

Cancel Peaks and Pattern assodation

Pl M- - & 0 R O Ty Y P D Bl 5200 4 2R e e S L N St S A7 I =LBEN I | o AT O
— T““E 'EE" PDF D].'D-ED'E#-EE‘ x 1 FDF 01-050-8485 Cal0(PO4JEF2 Fiucrapatite, syn_|
o] v a - System Hexagonal Default
| 9.460902 Max Show Al - - |-
® 9,32286  width All Sticks indexed Filter < 1% |
9.273559 Min
T Feplace Append
0 ol 3 .} pag 28 0 N a2z kx] 4 35 ko Ei;ma (O::SH Do::md Twzfirhmar:ge‘a}‘l":izﬁl 54[7;[' 44 45 43 47 48 43 50 51 52 53 54 55 6 5T 58 58 80
Sometimes there is an anisotropic unit cell shift.
I » This is a tutorial example where C#4 (smaller ionic radius) is replacing P>*
wv|[] 2rheta 1Scan
v - E Francolite.raw #1 FRANCOLITE F,C-APATITE, IGME  {Offset coupled TwoThets,

<[ pattern List #1
{v/[1 pFo1-080-8488

1Pattern
Cal0{PO4)6F2 Fluorapatite, syn

» Another example — when trying to match PXRD collected data (ambient T)
to single crystal data (~100K) « often there is a unit cell contraction




SIMILAR PEAK SHAPES

Lin (Cps)

250
240
230
220
210
200
190
180
170

L
N W A OO O
o O o o o

A T T T T T T T T A T

[N
[
o

100
90
80
70
60
50
40
30
20
10

>

« The peak shape profiles might be a clue. In this
example the broader peaks belong to the same phase.

- °
° ® ©
2 . o a
) < ™) | °
~ - ~ |
iy ~ ] o S
a & g & S
o o IN D)
™ = d o
& Ire) o o <]
< 8 & T e
1l - o =
° o ™~
i <
o il
°
v 1 y M M M y— M Ty 'Y
T T T T ‘ T T T T ‘ T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T
5 10 20 30 40 50 60 70 80 9

2-Theta - Scale

Start: 5.000 ° - End: 90.005 ° - Step: 0.030 ° - Step time: 109.2 s - Anode: Cu - WL1: 1.5406 - WL2: 1.54439 - kA2 Ratio: 0.5 - Generator kV: 40 kV - Generator mA: 40 mA - Creation: 21-Apr-2016 12:40
E00-044-l481 (*) - Portlandite, syn - Ca(OH)2 - WL: 1.5406 - Hexagonal - a 3.58990 - b 3.58990 - ¢ 4.91600 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - P-3m1 (164) - 1 - 54.8665 - I/Ic PD
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ISOSTRUCTURAL

120
110
100
2D
&0

TD

CPS

[34)

40

0

I PDOF 01-083-0192 Fe(TiO3) lmenite, syn
I PDF 01-070-5452 LitNbO3) Lithium Niokium Oxide

FeTiO3 LiNbO3

space group R3c R3c
a 5.12334 5.1473
b 5.12334 5.1473
c 13.76020 13.8574

« If you can’t identify your phase, try
expanding your search parameters.
Perhaps it is isostructural or
iIsomorphous with another phase and
this may give you a clue to the
structure of your phase.

| ‘I ..‘.” H .l ,||, .

1
R R L L

20 an 40 50 ] 70
2Theta (Coupled TwoThetaTheta) WL=1.54060

45



SIMILAR PATTERN (but not isostructural)

110

I PDF 00-043-1002 Ce02 Cetiante-[Cel, syn
1 PDF 00-005-0566 Zn% Sphalerite, syn

Cerianite (Ce02) Sphalerite (ZnS)

100

= crystal system cubic cubic
space group Fm-3m F-43m
&0 a 5411 5.406
™ « Similar unit cell but different crystal structure.

* If you can’t identify your phase but find a
similar pattern, perhaps this gives you a clue
about the unit cell.

» Then do a unit cell search and see what

@ pops up.

&0

CPS

» Chemical analyses or some
knowledge of the system will
help with phase identificatian.

0

| | | | | *



PHYSICAL PROPERTIES

* Physical properties can be useful to help with identification
o Geologists use a basic mineral ID kit in the field \

1. Visual properties — hand lens
2. Magnetism — easily tested
3. Hardness — Moh's scale
» steel > glass > copper
4. Streak
5. Carbonate — dilute acid (not shown)

« Example

a7




MINDSET - TIPS

Don’t miss the forest for the trees
o Don’t focus on specific elements too quickly
o I've had more than one student who has wasted hours trying to identify a phase when it was
something simple like NacCl

Be open to possibilities
o Perhaps it is a contaminant from sample preparation or an unclean reaction vessel
o Ifit's a minor phase — is there a way to concentrate it or use selective dissolution?
o Maybe it's something new

Ask for help
o Staff at X-ray diffraction facilities
o Researchers working on the same or similar system
o Someone with fresh eyes

48



WHEN YOU’VE DONE ALL THAT YOU CAN

Sometimes no matter what you do:

* you are unable to identify a peak
o It's okay to mark the peak as unidentified

« or several peaks remain unidentified
o perhaps the phase is not in the database

« or sometimes two or more ‘possibilities’ exist (for example if you don’'t have much

iInformation about the system and more than one pattern may fit)
o when I've done all that | can, I'll just give a list of reasonable possibilities to the client

Generally, it's good practice to not conclude beyond what the evidence is giving you.

49



SUMMARY

« Phase identification is like matching fingerprints — comparing your scan to a database of
known phases

« The search/match process is an interactive process between the user and software +
database

« XRD is sensitive to structural differences; if you have gualitative data, you should take

care in drawing conclusions about the chemistry of the phases
o chemical analyses and sample information help with phase identification

« User knowledge and experience is valuable to the process
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THANK YOU

UBC Chemistry Department

Dr. Brian Patrick and Fahd Murad

Dr. Beatriz Diaz Moreno

And to you the audience ©
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