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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
* Not absolutely necessary but it definitely helps

e

« 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 AND RESOURCES

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- o Unpublished data: your files; research group files — create your own database; personal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



Mineral Name Pyrite
Pyrite Bayliss P
American Mineralogist 62 (1977) 1168-1172 global . . . .
Crystal structure refinement of a weakly anisotropic pyrite 1cal_name_m1neral Pyrite
AMC File Contents cubic model
DATABASE EXAMPLE
Ramsdell L S i .
. . . CELL PARAMETERS: 5.4166 5.4166 5.4166 00.ee¢ 90.000 o00.eee 155 P
ﬂgréian Mineralogist 16 (1925)| sppce group: pas nal_name_full "American Mineralogist’
ystal structures of some f . cov nvel EnaTh: 1.541838 — —
Locality: natural, unknown Cell Volume:  158.921 nal_volume 62
_database_code_amcsd @eeeees Density (g/em3): 5 o4 hal year 1977
5;(33 5.38 5.38 9@ 96 9@ Pa3 MAX. ABS. INTENSITY / VOLUME**2: 47.22399758 hal _page first 1168
atom X y z RIR: 3.067 - -
- Fe 8 a 8 RIR based on corundum from Acta Crystallographica A38 (1982) 733-739 nal—p?ge—l?St 1172
You Can SearCh databases to flnd s -338 .338 .338 2-THETA INTENSTTY  D-SPACTNG H K L Multiplicity | section_title
28.54 390.18 31273 1 1 1 g
33.08 95.52 2.7883 2 e @ 6 . . . .
t I 't t d 'th . AMC File Minimal CI pe c1.86 ama 2 1 8 1 ital zt;ucture refinement of a weakly anisotropic pyrite
Crystal structures an elr © rrrite o00000ame @ pyrite | w.e @47 a2 11 2 fomode
. . . . 56.33 100.00 1.6332 3 1 1 24
information — but this is not the SR MR IR D00 8 ealfomlase e s
Ramsdell L S {1925) The crystal structure of 4 61.75 16.11 1.5823 3 @ 2 12 ical_formula_sum 'Fe 52°
64.35 15.90 1.4476 3 2 1 24 length_a 5.4166
- 64.35 5.65 1.4476 3 1 2 24 I -
l I latChIn rocess o ) 76.69 10.49 1.2427 3 3 1 24 | length_ b 5.4166
e Record 27 - Click here to view 79.06 6.56 1.2112 4 2 @ 12 | length_c 5.4166
- 79.96 6.56 1.2112 4 e 2 12 angle_alpha 9@
Mineral Name 81.42 8.55 1.1826 4 2 1 24 - le beta 98
Pyrite 83.76 4.21 1.1588 3 3 2 2 |ang-e_beta
88.41 12.51 1.1857 4 2 2 24 | angle_gamma 98
Wh at do Ou need for matchin ’? AMC File Contents XPOW Copyright 1993 Bob Downs, Ranjini Swaminathan and Kurt Bartelmehs IVDlum: 153.92].-1: diff 5.915
e - R reference, see Downs et al. (1993) American Mineralogist 78, 11604-1107. _Crystal_density diTTrn "
Pyrite —symmetry_space_group_name_H-M ‘P a 3’
Bayliss P 100
American Mineralogist 62 (1977) 1168-1172 P_ .
Crystal structure refinement of a weakly anisotropic pyrite _space_group_symop_operation_xyz
cubic model "X,Y,Z'

_database_code_amcsd 8868685
5.4166 5.4166 5.4166 9@ 98 96 Pa3

American Mineralogist Crystal Structure Database aton x y  zsiso 2,1/2-%,1/24y" Crystallographic
5 .3851 .3851 .3851 .33

"1/2+4z,x%x,1/2-y"

"1/2-2,1/2+x,y’
| 2.w—7| information file (CIF)

This site is an interface to a crystal structure database focused on minerals and solids of interest to mineralogists. . .
1/2+y,1/2-z,-x

. i ini igil i "1f2-y,-2,1/24x"
For questions about AMCSD, please Contact Us. AMCFile Minimal CIF Original Cl DIF File . 2-y,-2,1/ .
© rFyrite_00005052mc @) Pyrite_0000405 cif o Files Uploaded © Fyrit=_0000£05 dif -¥.1/2+42,1/2-x
¥aZ,X
"%,1/2-y,1/2+42"
Bayliss P (1977) Crystal structure refinement of a weakly anisotropic pyrite. American Mineralogist 62, 1168-1172 [view fil "1/2-x, 1‘,-'2{_5,, 7"
Mineral i '1/2+x,y,1/2-2"
S . ¥, -y, -Z”
Author Record 3 = - Click here to view 1/2-2,-%,1/24y"
Mineral Name Ideal IMA Formula '-z,1/24%,1/2-y"
Pyrite Fes, 1/24z,1/2-x,-y
Chemistry "z,
- "1/2-y,1/247,x"
AMC File Contents '1;’2+y,z,1;’2—x'
Pyrite . _ .
Bayliss P .y,lfz z,:.L,-"Q-H{
2 American Mineralogist 62 (1977) 1168-1172 “¥s-Zs-X
Cell Parameters and Symmetry \ Crystal structure refinement of a weakly anisotropic pyrite t-x,1/24y,1/2-2"
- - _database_code_amcsd 888606 "1/24x,1/2-y,-2"
. 5.4166 5.4166 5.4166 9@ 98 98 Pl . > ? .
Diffraction Search - atom x y z B(1,1) B(2,2) B(3,3) B(1,2) B(1,3) B(2,3) 1/2-%,-y,1/ 24z
> Fel .B0le .0e20 .e03e .ee23 .0624 .8017 .06e6 .00ee .o004 loop_
‘ Fe2  .4966 .0091 .5636 .0826 .0026 .0619 .02 -.0083 -.9801 atom site label
General Search \ Fe3 .5681 .5820 .eel1l1 .ee26 .e621 .8622 .0867 -.00082 -.0003 - t - it _‘F t
Fe4 -.0@86 .5813 .5038 .0626 .0026 .0@16 .0801 -.06002 -.0001 _atom_site_tract_x
- I £ h f R R\ 51 .3857 .3832 .3849 .8820 .0018 .8064 -.0807 -.0083 -.0604 _atom_nte_fr‘act_g.r
Display O amc long form @ amc short form @ S2  .1149 .6114 .3846 .9@38 .0060 .0@58 .0E02 -.0001 -.9007 atom site fract z
53 .8854 .1157 .5143 .8834 .968l1 -.8862 -.8801 -.6684 -. 06064 - T .. T s T .
SEARCH  RESET s4  _153 .8865 .1141 .0@30 .@A75 .GG30 -.0003 -.0003 -.AA10 —atom_site U iso_or_equiv
55 L6151 .8132 .6137 .@835 .eeds .0849 0082 -.0002 .6000 Fe o.e0e0e 6.00000 @.eaee8 8.88355
56 .8854 .3818 .1149 .@826 -.00685 -.0862 .00e6 -.0083 .8002 S 8.38518 B.38518 8.38518 8.68418
57 L1147 .BB56 .3841 .@835 .ee57 .9e54 .08el -.08083 -.8001

58 L3857 .1161 .8842 .e8l14 -.eeed4 .eell .eeed .Ge61 .oee4 y
e



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- E>
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

Pyrite

Bayliss P

American Mineralogist 62 (1977) 1168-1172

Crystal structure refinement of a weakly anisotropic pyrite
cubic model

_database_code_amcsd 80888685

CELL PARAMETERS: 5.4166 5.4166 £.4166 08.000 90.a08 20.000

SPACE GROUP: Pa3

X-RAY WAVELENGTH: 1.541838

Cell Volume: 158.921

Density (g/cm3): 5.914

MAX. ABS. INTENSITY / VOLUME**2: 47.22390758

RIR: 3.867

RIR based on corundum from Acta Crystallographica A38 (1982) 733-739

2-THETA INTENSITY D-SPACING H K L Multiplicity

28.54 39.18 3.1273 1 1 1 8
33.88 95.52 2.7883 2 a a 6
37.11 L4.86 2.4224 2 1 ] 12
48,81 45.47 2.2113 2 1 1 24
47.48 \ £1.81 1.9151 2 2 ] 12
56.33 166.88 1.6332 3 1 1 24
Lo.e8 15.84 1.5636 2 2 2 2
61.75% 16.11 1.5823 3 <] 2 12
64,35 15.98 1.4476 3 2 1 24
64,35 .65 1.4476 3 1 2 24
76.69 1a.49 1.2427 3 3 1 24
79.86 6.56 1.2112 4 2 a 12
79.86 6.56 1.2112 4 a 2 12
21.42 g8.55 1.1820 4 2 1 24 Pyrite — generated in Mercury
83.76 4,21 1.1548 I 3 2 24
88.41 12.51 1.1857 4 2 2 24

XPOW Copyright 1993 Bob Downs, Ranjini Swaminathan and Kurt Bartelm

ehs

reference, see Downs et al. (1993) American Mineralogist 78, 1184-1187.

pyrite

L L L B T T‘ T f’?"'\‘f‘?f\'T’T‘}"?’i"\ T {'"{“M”W T [T
50

Position [°26] (Cu K-a1)



PHASE IDENTIFICATION

. @
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/

e [t's like matching a fingerprint to known patterns in a database

PHASE IDENTIFICATION | i}
NI T

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 the crystalline structure of the material (not directly sensitive to the
elemental chemistry); the chemistry of your phase should be confirmed by other means
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



N
FINGERPRINT @n)@

120 I PDF 00-046-1212 A2 O3 Corundum, syn
! PDF 01-071-3699 Ca [ C O3 ) Calcite, svn
110 1 PDF 00-006-0263 KAIZCSiSANCTO0OH FI2 Muscay ite-2hd1
100
i
@ * peak markers from a database
T (peak positions and relative
5 @ intensities)
&0
40
0
10
o ‘II” . ‘ ‘ || ||||I“|I IiIH il |H Al .]I Ll e |
rrrrr[rrrrrrrrrprrr oot e e e e T L L L L L
10 20 ki 40 &b i) L &0 ki
2Theta WL=154060
Peak positions only, " | || ] EEBIR

no relative intensities ||| | || | || ||| |||| ||||

[ DITITIEEE R I IT AR Aot ?




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.

corundum S-90
1 PDF 00-046-1212 AI2 O3 Corundum, svn
I POF O1-071-3699 Ca [ (C 03 ) Calcite, 2yn
1 POF O0-006-0263 KAIZCSIZANC 000H 12 Muscoyite- 21

g B 2 ¥

2
P I O T O N N N I I T N I I I I T T T

CPS
a = 2 B = @

&

‘ | . a ‘ -I || » . |I - roy e | I
T T T T T T 1T

rPrrrTrTrrTorTeT T rrrr+v 7T T T T
10 20 0 A 50 i T B0 90

2Theta (Coupled TwoThetaTheta) WL=1.54060

[ TITTIEEE R DO ORT O Ao 1 :

=




NOT a match! — it is the set of peaks that make up the

CFPS

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

- COrUnCum 5-90 raw
180_] I PDF 01-071-3699 Ca [ C O3 Calcite, syn
- 1 PDF O0-006-0263 KAIZCSIZANC OFOH P2 Muscovite-2h1

‘ Ll |” ““IJ I|.|,|||.!Illul|,|.,.|”.llnlIllull,.l.lllll,.lul., RETII

e — ——
10 0 an 40 5D D 0 &0
2Theta (Coupled TwoThetaTheta) WL=1.54060

X X

14



POLYMORPH EXAMPLE

L 1 TiO2 ra
- I POF 03-065-5714 Ti 02 Anatase, sy0
- I PDF 01-070-7347 Ti O2 Rutile
150 PDF 01-076-1934 Ti 02 Brookite
-4.:I - - - - -
. * XRD is useful for distinguishing
20 b/w polymorphs.
.
o * It's also clear when a phase is
o not present.
S
80
70
i3]
50
40
30
J A
| 0 | 2 | 0 ' % | 0 | & | 7 | 0 '

2Theta (Coupled TwaoThetaTheta) WL=1.54060

XL

15
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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

Database Subfiles:

Edit - [Untitled] ... Restrictions

o Alkaloid
1600 Amino Acid, Peptide & Complex
16D Battery Material
[+ i Bioactive
1fi0 Carbohydrate
160D Cement & Hydration Product
(160 Ceramic
1fio Common Phase
1680 Education
1600 Explosive
16D Forensic
160D Hydrogen Storage Material
ifio 1CSD Pattern
1600 Inorganic
1600 Intercalate
10 Tonic Conductor
1o Metal & Alloy
[+ 1D Micro & Mesoporous
[+ 16D Mineral Related
i Modulated Structure
1fio NBS
1fin NIST Pattern

Combination: |Or -
305558 patterns of 327624

Select Restriction Set

Description:

Untitled

P subfiles Chemistry | Quality || Crystallography | Strings | Mineral/Zeolite Class

| »
r
=]
v
=1

Clear

| | Close - |

m
w
%1

X B S|

Database Filter unknown .raw #2
PDF-2 2026

Auto  Rebuild  click to fiker Candidates

Filter
w - Full Files
. Dual

Inorganic

Organic

v Meas, Conditions
i Ambient
Mon ambient

Temperature

Temperature and Pressure

Pressure
> Quality Marks
v : Status
- Primary

Deleted

el Alternate

:- - Colors

::- . Sources

:- - Element # in Formula
:r . Density

. Crystallographic Data
> 50 Analysis

Value

Clear

= Share

Candidates

1491
312013
55770

310849
58425
45414
1161
&350

280745
21530
66935

309274
309274

19



MATCHING

s QualX - [C\Anita\teaching\2025 Canadian Powder Diffraction workshop\working files\DXX-example.qlx]

File

View Pattern Search Help

Diod ko2 ks 80 wsar|[oc sl Aliw s
10004
1 1 1 —— Experimental pattern (DXX-example.
] « After searching there will be a list of 2 eipimy ol e
3001 . . P
. candidates. Scroll through the list of 0-158-741]
: candidates to find possible matches.
z 600
z « Use your knowledge of the system
@ 1 - g -
E 0l to narrow possibilities down.
200 J{
0 JL JL A /\}L 2 JI\ J* A J\ M A Jk\ JA s, AJI‘JI'\_A\ LN s PP S S S A
Peaks l‘ ‘I |l II [ | | i I‘ ||| I‘I LAl I | I‘ | II‘
P.1 00-900-0095 I I I 1| | 1] 1 11 | | || L
. 10 15 20 i3 30 35 EAl T5 Jihets 50 55 50 5% 70 75 BU 85
m| 1493 Counts| 335 dtheta:| 64757  di| 1438 |
aa” CARD Compound Name Chemical Formula \ Peakpos. Intensity Scale FoM S-Quant. A 3B
00-300-0095] [Calcite] CalC03) 092748 | 067675 | 093000 | 080638 | 100.0% |v v
[ 00-300-8605] [Lime] Cal 096323 | 086088 | 0.29072 | 0.85102 | 4623 |
[ 00-720-0686Calcium oride Ca0 095%4 | 081685 | 028752 | 084275 | 5154 |
£ [00-300-8751 TmN 093392 | 065863 | 0.22141 | 080458 | 21738 | &
[ [oois37741 Not likely! | 05038 | 055529 | 021989 [ 07763 | 33079 | E
| : - — —F
 [00-7709246 g0 0 051620 | 021148 | 0.75413 B By
C [00-152-2522 Pb3Th 088715 | 055659 | 022013 | 0.74608 -
C [00-1524512 Dy Pb3 083650 | 055655 | 022021 | 07363 B
[ [00-153-3833]Te3 N) In InN Tb3 092665 | 057205 | 022324 | 073372 I~
[ 00-101-0652|Disodium cerum(lV) oride [Na2 Ce 03267 065513 | 086324 | 014448 | 0.72876 B
\ ] =
00-153-8903 Ho Pb3 062732 | 053872 | 020078 | 069300 | 30542 |
[ T — il N 410ac N 7IEEG N J4C72 N c799C A A70 — ™
Matched POW_COD (| 1213 Selected Card 00-153-7741 Pb3 Pu

20



SEARCHING - POSSIBLE ELEMENTS

Chemical Filter unknown .raw #1 *

PDF-2 2026 -

Periodic Table Auto  Rebuild  Click o fiter Candidates Clear
EEE Import Export = Share

«  Grey — possible elements " - e
Li | Be B C N O F HNe

« Red - excluded elements

- Green - has to be there Ma Mg Chemical Filter unknown .raw #1 X

K Cal 5 Ti W I: M PDF-2 2026 -
« Blue — one of the elements has to be there ol e

Rb ST Y 7r Nb Mo Tc Auto Rebuild  Click to fiker Candidates Clear
| Import Export * * Share
Cs Ba lLa Hf Ta W Re E”I”El
H DT He
Fr Ra AcC
- or | Li Be B C M 0 F MNe
Lanthanides / 1 . wlslels|alB
ini - | r
Actinides Th P3| U g
K Ca Sc Ti vV Cr Mn Fe Co MNi Cu Zn Ga Ge As 5Se Br Kr
Rt Sr ¥ Zr Mb Mo Tc Ru Rh Pd Ag Cd In Smn Sbh Te I Xe
Cs Ba La Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
Fr Ra AC
[ ] I »
A“ght element SearCh ) Ce Pr NMd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Lanthanides /
Actinides

Th Pa U MNp Pu Am Cm Bk Cf Es Fm Md Mo im



SEARCHING — CHEMICAL ANALYSES

XRF results

«  Grey — possible elements
* Red - excluded elements

J P‘ Restrictions || Parameters || Automaﬁcl

| Search
Mone
@ Restriction set |§dit... QEIements from XRF... | vD
Select restriction set:
CPDW _¥RF_example -
Subset Select Subset File. .. OK
File name: | Cancel |- |
| More == |

Edit - [CPDW_XRF_example] ... Restrictions

Subfiles P chemistry || Quality " Cryslallography” Strings || Mineral Zeolite C1355|

=] v e e e e D e D [ [ [ [ [ [ v [+ ] ~]

o]
E B | C | N || O | F | Ne
IEIIIIIHIIIIIIIIII
o [sr/ v 2 (w0 ol 7 R o et an (om0 e 1 fre

(e [l ]~]

feal B [ v vl o] e e [ ] ] ] [ =[] e e
zarer o] loe o] I ! (| '] o [ o[ | | 0 [0

stz Jncl i feal [ 0] o [ o on o ] s o] o [

| Clear | |

Add Rest to Mone of

D Possible elements
D At least one of: >
B aor: *

. MNone of: Ma Mg P 5 ClAr K Sc WV Cr Mn Co Ni Cu Zn Ga Ge As Se Br Kr Rb Sr Y Nb MoTX

Mo, of elements present

Min. Mumber of Elements: 13 Mayx. Mumber of Elements: W5 2

i Close g~

» This allows you to search only the

30530 patterns of 327624
Select Restriction Set

Load

Save as Subset

Less <<

Description:

CPDW _XRF_example

lHIX B S %

elements known to be in your system.




SEARCHING — ELEMENT SPECIFIC Searching for

an oxide
Element focused
Chemical Filter unknown .raw #2 >
. PDF-2 2025 -
*  Grey — possible elements _ e B
R d I d d | t Searchlng fora u ebui Click to fiker Candidates ear
e ed — excliudaed elements - . ® - Share
copper phase IR~
 Green — has to be there L | o7 N =
i—  Formula
Li Be B C N O F MNe
Formula 1 KZn{504)Cl
Na Mg Al s P 5 O A 2 MNa3v(si4011)(H20
(NH4)2(Cu{H20)6)(504)2 ( )H20)
Chemiical Filter unknown .raw #2 CL0-3HI0 K Ca S T V C Mn Fe Co Ni Cu Zn Ga Ge As Se Br K 3 | KBe(PO3(OH)F
4 Na3.98(Mn02)13
PDF-2 2026 Cud.4v2035 Rb S ¥ 2 Mb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
5 NaFe2V(PO4)3
Auto  Rebuild  Clhick w0 fler Candidates CusaAl(SO4)(0OH)12CI{H20)3 _
Czs Ba La Hf Ta W Re Os Ir Pt Au Hg T Pb B Pc At Rn 6 Ca2(Al2.6845c0.316)5i3012(0H)
EEEE - - - Cu1.94Zn0.06V207
7 Ma7.4ale.45i25.6064-020
Cu2vz2oz Fr Ra Ac H \3(H20)
H DT 8 MaZn{H2PO3)3{H20D
Na4{Cu402(504)4)((Nad. 26Cud. 37)C]
. Lanthanides / Ce Pr Md Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 3 KZFelPOZ.5F1.5)2F2
L Be Cul.3ve0z22 Actinides
Th Pa U Mp Pu &m Cm Bk Cf Es Fm Md Mo In 10 MNa3.94MnO2)13
Cu2(NO3)(0H)3
Na | Mg 11 CaB303(0H)5(H20)
Cul.9Zn0, 1v207
i 12 Li{MH4)2E3P40 16
K Casc T V C M1 Fe Co Ni Cu Zn Ga Ge As Se B K | 70 ioarons 300 13((SI0(0H)3)0.7(504)) i(NH4)
13 Na2(COIH20
Rb S Y Zr Mb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe Cus{AlD. 949Fe0. 08)(S04)(0H) 12CIH20)3
14 KV({PO4)O
_ MgCu{Mg0. 74Cu0. 26) (PO4) 2(H20)
Cs Ba Lla Hf Ta W Re Os Ir Pt Au Hg T Pb B Po At Rn 15 HFe4{CO)12BH2
Ma9. 74Cu11. 4002510
— ||~ i 16 KMnV206CIH20)2
17 Ca2(Al2.63500. 37530 12(0H)
_ Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu (Zn,Cu)7(SO4)2(0H) 10-3H20
Lanthanides / 18 Mg0.7352n2. 265(PO4)2(H20)4
Actinides Ca30al38Cu2s
Th Pa U Mp Pu Am Cm Bk Cf Es Fm Md Mo In 19 MasMn{s04)4
CuCu2(0oH)3cl2
20 Ca(HPO4)

19 (Zn5Cu)Zn2(0OH)13{(50.55i0.5){(02. 5(0H) 1.5))2
20 Cu4(S04)(OH)E(H20)



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|N |.| F (| Me
> Ma || Mg Al || si || P T Cl

| [K |Ca|Sc| T (¥ |[[Cr|Mn|Fe (Coi M |[Cu|Zn |Ga | Ge | As |FS&8| Br (| Kr
-

-

|

Tl Ce PN PmSm B G4 To Oy Ko & Tm b L
i A ThPa U N Pu Am Cm B¢ CF B Fm Md Mo Ut

No.|Ref. Code

Chemical Formula

1)ifpo 01-082-1460

Rb Fe [ Se 04)2

2|{ifipo 00-068-0618

SrCaMiTe 06

3 {ipo 01-085-7056

513 Fe2 Te 09

4/ifpo 01-084-3465

SrcaMiTe 06

5 \ifpD 01-075-8547

5r2 Fe1.33 Ted.67 O6

6 iEpD 01-075-8546

5r2 Fel.33 Teld.67 O6

7|ifpo 01-075-8548

3r2 Fe1.33 Ted.67 OB

8|ifpD 01-075-8549

5r2 Fe1.33 Ted.67 06

9)ifipD 01-089-8379

512 Cu (Te OB

10{§fpD 01-072-4327

Cd2 (Te2 O7)

11 }{ipD 00-050-0401

Cusr2 Te 06

12|{fpp 01-075-9489

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

13D 00-047-0010

5c2 Ted O

14/§fpD 01-080-8053

Srd [V 02)2 [Se O3 4 [Se2 O5)

15 {§fp 01-083-3020

Se Mn O3

16ifpD 01-076-3289

5r2 Fel.47 Ted.53 06

17|ifpD 01-077-5338

Ag4 (Mo2 05) (Se 04)2 [ Se 03 )

18}§fpD 00-055-0529

Cd2Te2 OF

19|ifpD 01-077-5586

Cd4V2Te3 015

20{fpD 01-070-0241

Mn [ Se 03]

21ifpo 00-031-0830

bn Se O3

22{{fpo 00-036-0381

CaTe O3

23{ifpo 01-072-7832

Mn [ Se 03]

24{ifpo 01-085-2142

Ca3Fe2 (Se 03 )6

25{fpo 01-086-9658

Cu2 (Se O3 ) F2

26{iEpD 01-076-9766

Sr(Te3 08)

27{ifpo 00-053-0208

3r2 Fe1.33 Ted.67 OB

28{ifpD 00-029-0897

52 MnTe O6

29ifpo 01-082-3425

Y& Te O12

30§fpD 01-072-7831

[ Cub.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

MMM

‘> Common '

Metallic
I:‘ Possible elements
I Atleagtone of: HLIBCNOFNaMgAlSiPSCIKCaTiVCrMnFe ColNi CuZn Ga Ge As Se )
| X
B roeor He Be Ne Ar 5c Kr Rb Y Tc Ru Rh Pd Te Xe Cs La Ce Pr Nd Pm Sm Eu Gd To D).
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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

MUMMMUE

Comman

Metallic

D At least one of:
|
. MNone of:

HLECMNOFMNaMgAlSiPSCIKCaTiy

He Be Me Ar ScKr Rb Y TcRURh Pd Te X

Information

Mo candidates found.

oK
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SEARCHING - CHEMICAL FILTERS

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

Element focussed

Chemical Filter unkngwn .raw £2 h 4

« Grey — possible elements PDF-2 2026

 Red — excluded elements Auto  Rebuild  Click to filter CNgidates Clear
 Green — has to be there EEE Impart Export = Delete Share
 Blue — one of the elements has to be there H oT He
Li Be B C N O F HNe
Na Mg Al si P s o Ar

K G 5 Ti V O Mn Fe Co Ni Cu Zn Ga Ge As 5Se Br Kr
Rb Sr ¥ Zr Mb Mo Tc Ru Rh Pd Ag Cd In Sm Sb Te 1 Xe
Cs Ba La Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
Fr Ra AcC

Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm ¥Yb L
Lanthanides / ks e ] .

Actinides Th Pa U MNp Pu Am Cm Bk Cf Es Fm Md No (In
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SEARCHING - BY NAME OR FILE NUMBER

A
1
2
Search [ Match DXX-example.raw #1 4
Databases Match Lists Mames Options
Use Filters
Use ? and * for partizl names a.g,
E-F}'HH:__'-'. i ] And (® q
paranthesis for authors 2.9, (BOGUE), curhy Abc
brackets for formulss e.g, {CaCO3}, dashto Mame
regste the result e.g. QUARTZ -BETA
14
15
15
17
13
19
20
21

Mame

Calcite
Calcite
calcite
Magnesium calcite
Caldte, magnesian
Calcite
Calcite
Calcite
Calcite
Calcite
Calcite
Calcite
Calcite
Calcite
Calcite
Calcite
Calcite
Calcite
Calcite
Calcite
Calcite

Formula

CCal3

CCal3

CCal3
CCal.94Ma0.0603
CCal.9Mg0. 103
CCal3
CCa0.9Mg0. 103
CCal3

CCal3

CCal3

CCal3

CCal3

CCal3
CCal.936Mg0.06403
CCa0.871Mg0, 12903
CCal3

CCal3

CCal3

CCal3

CCal3

CCal3

Counts

50,000

40,000

30,000

20,000

10,000

[1_COD 9009668 Coals Calcte |

Search by Number DXX-example b4
Database:  Crystallographf Open Database (Min... -
Mumber: COD 2009663 Insert
TTTTTT """'I"""'"I""'""I""-'""I"'"""I""""'I""""'I
20 0 40 50 &0 70 &0 =0

2Theta (Coupled TwoThetaTheta) WL=1.54060
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SEARCHING - BY CRYSTALLOGRAPHY

Edit - [Untitled] ... Restrictions

|§ubﬁ|es ” Chemistry || Quality || = crystallography || Strings " Mineral/Zeolite Ciaf,l

Min

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

beta [#]:

gamma []:

ratio ajc:

@ Min - Max

Value - Deviation [%]

Max
5.415
5.415

5.415

Min Max
gensity [g/cm~3]: -
Mao. of Formula Units (Z):

Reference Intensity Ratio:
Cell Yolume [A~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 SR

| Candidates: \Y | P seartin,,
Mo, | Ref. Code Cryst. Syst. Space Gr... | Cell Compound Name

1 Eﬂn 03-065-2974 | Cubic Fm-3m a 5.406 - b 5,406 - ¢ 5,406 Mickel Silicon

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

SEUD 00-016-0576 | Cubic F-43m a 5.405 - b 5.405 - ¢ 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 25410 -b 5410 -c 5410 Copper Sulfide

EEUD 01-071-5971 | Cubic F-43m a 5.409 - b 5,409 - ¢ 5,409 Zinc Sulfide

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

BEUD 0306545386 | Cubic F-43m 3 5.409 - b 5.409 - ¢ 5.409 Mickel Zinc Sulfide

EIIEUD 03-065-9535 | Cubic F-43m a 5.409 - b 5,409 - ¢ 5,409 Zinc Sulfide

10@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 3 5.406 - b 5.406 - ¢ 5.406 Silicon

12@00 01-072-2669 | Cubic F-43m 5411 -b 5411 -c5411 Mickel Zinc

13@00 03-065-9470 | Cubic F-43m 25411 -b 5411 -c 5411 Mickel Zinc

MEUD 00-050-0202 | Cubic Fm-3m 45413 -b 5413 -c5413 Cerium Gadolinium Yttrium ..,
15@00 01-080-6505 | Cubic Fm-3m 4 5.405 - b 5,405 - c 5,405 Calcium Cerium Cxide
16@00 03-065-7441 |Cubic F-43m 45411 -b 5411 -c 5411 Manganese Zinc Sulfide
1?@00 00-027-0843 | Cubic 85410 -b 5410 - ¢ 5410 Meadymium Antimony Oxide
15@0 01-081-9692 | Cubic Fm-3m a 5.406 - b 5,406 - ¢ 5,406 Cerium Yitrium Oxide
19@00 01-080-6915 | Cubic Fm-3m 3 5.405 - b 5.405 - ¢ 5,405 Cerium Oxide
ZDEUD 01-080-5532 | Cubic Fm-3m a 5.406 - b 5,406 - ¢ 5,406 Cerium Yitrium Oxide
21 Eﬂn 01-073-2568 | Cubic F-43m a 5.406 - b 5.406 - ¢ 5.406 Zinc Sulfide
?_?_EUD 01-082-9831 |Cubic Fm-3m a 5406 - b 5406 - ¢ 5406 Cerium COxide
Zillgun 01-075-0167 |Cubic Fm-3m a 5.405-b 5405 - c 5405 Dysprosium Cerium Oxide
24@00 01-089-4958 |Cubic F-43m 45411 -b 5411 -c 5411 Manganese Zinc Sulfide
?_EEUD 01-074-6110 | Cubic F-43m 35411 -b 5411 -c 5411 Zinc Sulfide
ZEEUD 03-065-1691 | Cubic F-43m 5411 -b 5411 -c5411 Zinc Sulfide
ZTEUD 01-081-9649 |Cubic F-43m a5.409 - b 5,409 - ¢ 5409 Molybdenum Phosphide
;_'BEUD 01-071-6544 | Cubic F-43m a5412-b5412-c5412 Zinc Iron Sulfide
ZQEUD 01-083-5829 |Cubic Fm-3m a 5.406 - b 5.406 - c 5406 Cerium Praseodymium Oxide
iﬂllmun 01-080-4331 |Cubic Fm-3m a 5,406 - b 5,406 - ¢ 5.406 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

Past — used

aggregates.

9.81
Cordierite
cell ratios  1§.127+21, 9.812%6, 9.3123)bac.
Light blue.

tallography.net/cod/2300571.htm

Information card for entry

2300571

2300570 <= 2300571 == 2300

Preview

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

Coordinates
Structure factors
Original paper (by DOI)

2300571 cif
2300571 .hkl
HTML

o o1sim [v] B | I

Unit Cell: & Part:
a= 596A, a=90.00°, V=993A° |
|:|b= 9.05A, $=90.00°. Orthorhombic P v |:| -
c=18.39A, y=90.00° 1
| | Formula [t b [ci& [ar1 [B11 |v11 |Seaced=]
None 597 904 T8AT YUUU JUUU YOUU 7
C12H1002S 596 901 1833 90.00 90.00 90.00 P 2121 25
C12H10025 596 903 1839 9000 90.00 90.00 P 2121
C12H10025 596 904 1840 9000 90.00 90.00 P 2121
C12H10025 596 905 1833 90.00 90.00 90.00 P 2121 50
C12H10025 597 904 1839 90.00 90.00 90.00 P 2121
31H11002S 597 905 1841 90.00 90.00 90.00 P2121 _
&1 H10025 597 904 1841 9000 5000 90.00 P2121| | 75
CRH10025 597 904 1841 90.00 90.00 90.00 P2121| /|
C11H1002S i ] I ] \
IC11H10025 596 904 1840 90.00 90.00 90.00 P 2121
|C11H10025 596 904 1840 9000 90.00 90.00 P 2121 70
ficzH30N202 1854 606 894 9000 90.00 9000 P21 21
ficioH12025 601 903 1815 9000 90.00 90.00 P21 21
fcion7ne02 881 1836 536 9000 90.00 90.00 P2121(x] |92
B csH2Ng 04 572 881 1860 90.00 9155 90.00 P121/d+]|
(<] i (<) 60
Blements Fitter:
Search
Only These Elements 55
Databases
B ~rexos [l cso & cop 8 local CIF/RES | [
created: created: created:
20181119 20221219 20250709
= 45
Locate Structure
40

From BTS]
Opt. neg.: 1.554

&3 ) Uy a n

Automatic Mode e -Manual Mode

Start at: ‘VColIect Data 1 ' 1\l@ Collect Data

\

Stop after: | Search v A orvest Spots

Ir dex
Run %
@ Do nains
Bray ais

@ Refin:

O »

Unit cells:

b= 9.05A, B=90.00°, Orthorhombic P
c=18.39A, y=90.00"

Ia: 5.96A. a=90.00°, V=993A°

Reflections:

B Group 0: 78 reflections

Edit...

Delete

52

2

Delete Al

Edit...

Present — search unit cell
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SEARCHING - RESIDUAL PEAKS

© .- Anita - [ P search ) = |Anita HighScare Plus - pegmatite 20 for CPDW - Lest saved: 2025-06-27 12:31:19 PM - = x
i File Edit View Treatment ReferencePatterns Analysis Reports JTools Customize Window Help -
; [ Pos. ["20]: 55.782 | | d-spacing [AL:1.6467 | [ Counts: il @B & B|ea-»- _ i FitXRD < |5 B 4 T JB - X Automatic - [0 Parameter(s] varied | [0 Constraint(s) | _

=

i3
L= 1o (i e - e @ W W S | i BE AR AL e X S e Y B

8 pegmatite 20 for CPDW - Last saved: 20250627 12:31:19PM S0 1> ] X |

D 01-084-1303 K AI2.95i3.1 010 (O H)2

E0D 01-086-1386 Muscovite-2M1 | K0.94 AI1.96 ( AI0.95 Si2.85 010 [ [ O H}1.744 F0.256 ]
D 00-019-0814 Muscovite-2M1, . [K (Al, V)2 (Si, A4 010 (O H)2

D 01-089-7536 Muscovite-ZM1, ... |(K0.94 Na0.03 ) [ AI1.67 Mg0.04 Fe0.34) [ 5i3.26 AIO.T..
oD 01-075-2087 Unnamed mineral |( Na5.28 k1,40 Ca1.23) (51 Al 0416 ({5 04)0.77 (C ..
oD 01-083-6528 (Cu10.6 Mn1.4) Sbd 513

EDD 01-082-3724 Muscovite-2M1, ... | K0.79 Na0.04 Ca0.03 ) [ Al1.84 Fe0.07 Mg0.1 ) [ Si3.1...
B0 01-076-8462 It syn_|(Cu10.2 Fe1.8) 5b4 513

pD 01-082-3722 Muscovite-ZM1, ... |(K0.85 Na0.09 ) [ AI1.88 Fe0.14 Mg0.01) (5i3.12 AID.8.
0D 01-082-3720 Muscovite-2h1, ... |(K0.87 NaD.06 ) { AI1.7 Fe0.3 Mg0.02 Mn0.03 Ti0.02) (.

514D 01-076-8334 Muscovite-2M1 (K098 Na0.05 Ca0.011 [ AN.89 Fe0.09 Ma0.07 Ti0.03 .. ™
»
ClipAllToZoom [8] Default [ ID and Refine (course deme) ] IdeAll @8] IdeCom [ IdeMin [FE) Identify using different Restrictions 5] Merge PDF scans [F¥] MinorMinerals [ MultiRiet =) Overlay Scans [F] PrintideAll ] Refine PDF in Ranges -

q il
REEAY. 31
& Auto Residue

H R Type here to search s ENG

Position [°20] (Cu K-a1)

J;La antification | Object Inspector | Smart Batches | Anchor Scan Data | Pattern List ¢ |Pesk List | Scan List |
| Acce ‘ed Ref. Patterm: None |
[negf Nn.L Ref. Code Compound Na...| Chemical Form... | Mineral Name Common Name  |¢
5 1| @ oo 01-080-1084 |Sodium Alumi... Nz AISI308  |Albite sodium tecto-al. £
0 Counts _ 2| ¥ |wop o1-089-1961 [siticon Oxige  |si02 Quartz, syn b
® pegmatite 20
. 01-080-1094; Albite; Sodium Aluminum Silicate; Na Al Si3 08
2 Il 01-089-1967; Quartz, syn; Silicon Oxide; Si 02
& [ | il ] ’
B ° A H d H | | H I I | Selected Candidate: 00-0b, -0032 | P search
@ utO'reS| ue WI automatlca y Ref, Code [® s|mineralname | chemical Formula -
- [ 1| Lagabyite, syn |Ca2 Mn14 027 xH2 O
Il L k d - d h h > 36 Muscovite 2M1, ... |K AI2 Si3 AlO10 (O H )2
i~ re—ran Can I ates to matC t e \iEpD 00-026-0911 Wite-2M1 (NR) |(K, H3 O) AI25i3 Al 010 (O H)2 1
40000 —] L"" 01-089-6216 Muscovite-2M1 ( K0.727 Na0.170 Ca0.011 ) [ Al0.933 Fe0.016 Mg0.011..|
E - L"" 01-071-1808 Ixiolite Ta0.42 Mn0.30 Nb0.24 Ti0.02 02
. reS I d u aI peaks \Epp 01-082-2892 Muscovite-2M1, .. |( K0.865 Na0.135 ] { Al1.686 Fe0.07 Mg0.036 Ti0.006) .
I . \EpD 01-078-5138 Wite, syn (NR) |(KO.71 Ca0.01 N20.01) (AI.86 Mg0.15 Fe0.04) ((Si3.
i \iEnD 01-072-1503 Muscovite KAI2 ({AI5i3) 010) (O H)2
"I \iEpD 01-075-1716 Petalite Li (Al 5i4 010)
L"" 01-073-9861 Muscovite-2M1, ... |[K0.96 Na0.04 Al1.71 Fe0.29 [ Al0.91 Si3.09 010} [ O H..
D 01-076-8335 Muscovite-2M1 |(K0.94 Na0.04 ) [ Al1.66 Fe0.12 MgO0.07 Ti.03 ) ((5i3...
\Ep 01-086-4541 Sodalite (Na77 (Mn 04)1.7 (H2 0 10.8) (Al 5i 0416
\iEno 01-087-9062 Bicapite K1.488 Na1,932 Mg1,338 (H2 P V14 042 ) (H2 O 24,
\iEno 01-0823730 Muscovite-2h1, .. |(K0.9 Na0.04) [ Al1.71 Fe0.29 Mn0.01 )  Si3.09 AI0.S..
L"" 01-082-3726 Muscovite-2M1, ... |( K0.936 Na0.06 Ca0.01 )  AI1.83 Fe0.16 Mg0.01 ) ( Si3..
\iEpD 01-086-4542 sodalite (Na7.7 (Mn 04117 (H2 0 J0.8] (Al 5i 0416
\Epp 01-084-1302 Muscovite2M1 |K (A28 5131 010} (O H)2
\iEpp 01-087-0691 Muscovite-2M1, . | K0.94 Na0.06 | { Mg0.08 AI1.75 Fe0.15 Mn0.02 ) ((AL.
\iEpD 01-073-9544 NaT.5 (AI6 Si6 024) 545 [D20)5
2 DHW-OM-TEMS KAI29Si3.1010(0H )2
21/{Epo 01-074-3634 Tennantite-(Cu)  |( Cu5.28 Hg0.72 | Cu6.06 [ [ 5b2.92 As1.08) 513
22|{Epo 01-083-5378 K0.82 (AI3.19 51267) 010 (O HJ2
20000 — 23|{Ep0 010703754 Muscovite-2M1__|K (Al Si2 08 (O H)3)
24|iEn0 010823723 Muscovite-2h1, .. |(K0.93 Na0.052 ) { Al1 713 Fe0.149 Mg0.099 Ti0.02 M...
250 01-082-2450 ( Na0.07 K090 BaD.01 ) ( AI.54 Ti0.04 Fe0.07 Mg0.04
ZEDHW-WR-V/SB AIZSi2Z05 (OH)}M(HCONH2)
27D 010743633 Tennantite-{Cu) _|( Cu5.28 Hg0.72] CuB.12 ([ 5b3.16 AsD.84) 513)
25|{EpD 01-073-9867 Muscovite-2M1, ... |K0.93 Na0.07 AI1.66 Fe0.18 MgO.16 [ AI0.82 5i3.18 O1..
29|iEn0 00-003-0849 Muscovite H4 K2 (AL, Fe 6 5i6 024
30{iEpD 00-046-1311 Muscovite-2M1, ... | (K, N H4, Na) AI2 (5i, Al}4 010 (O HJ2
SIDHW-OSBJSJW Sodalite (Na7.7 (Mn 04)1.7 (H2 0 }0.8) [ Al 5i 04 }6
32{EpD 01-084-1306 KAI2.95i3.1 010 (O HJ2
33|{pp 01-074-3655 Nas ( Al6 Si6 024) CI2
34|{Epp 01-076-8333 Muscovite-2M1__|(K0.84 Na0.13 Bal.01 ) (Al .87 Fel.15 Mg0.06 Ti0.04 .
35|{EDD 01-076-8455 Tetrahedrite, syn | Cug.81 Fe2.13] Sb4 513
35 Muscovite-2M1 (K0.82 Na0.18 ) [ AI1.97 Fe0.03 ) (AISI3 010} (O HJ2
37| L" Muscovite-2M1, K0.94 Ca0.06 Al1.88 Fe0.12 Mg0.04 ( AI0.S3 Si3.07 O1
38i2 Muscovite-2M1, .. |K0.92 Na0.08 AI1.86 Fe0.14 MgD.02 [ AID.97 5i3.03 O1..
39|{pD 01-074-3656 Nas ( Al6 Si6 024) CI2
il 200 010770933 Tetrahedrite-Zn) | Cu8.3 Ag0.0 Zn1.36 Fe0.06 Sb3.88 513
21
42/ L"
43|
Rl
45
26
47 L"
48|
9|
50

@
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SEARCHING - SPECIFIED PEAKS

Data Command r X

Peak List #2 -

I[r Gray all except selection

I E Show Selected Patterns in Ruler

b Expand Al Nodes

21‘ Collapse All Nodes

X Delete

& Clear £0.000|
¥ ocut

A0 copy

\ﬁ Paste

O Select Parent
]g Select Children

40,000
9% Invert Selection

2. Search against the peak list|to

B, oo romires ID the marked peaks

30,000
Create - .

Counts

[T® Peak Column View
E Peak Chart View q

Tool A

& Apply Default Calors 20.000-|
Tf_'_ Chemical Filter

Cﬂ Database Filter

% search / Match (peak list)
1§ Make DIF

“% Normalize

13 profile Fit

10,000

Sort by -

Import Order
Angle
d value L]

"YU ¢ IR D & Uk ol EE

43,842
44,867 ©

@
3
i
5
“;
e
@
&
F
b=
&
&
&4
&

30 627
g

T

43.842"
44 86

|1 PDF 01-077-3163 Sn02 Tin Oxide |

Net Intensity 10
Gross Intensity

Data

- Document
.: Views
; W 2Theta View
v Pattern Matching

- set1
[] 2Theta

Sample 1 25C.raw #1
|: Pattern List 1
/[1 poF 010773163
/[ peaklist £2

v|[1 peak #1

E Peak #2

E Peak #3

E Peak #4

9
|
5

Description
Sample 1 25C (Coupled TwoTheta/Th...

1 Scan

Sample 1 25C (Coupled TwoThetafTheta)

1Pattern l
5n02 Tin Oxide -
4 Peaks

30.627 °, 1004.72 Counts

31.975 ®, 853.653 Counts

43.842 °, 341.606 Counts

44,867 °, 614,833 Counts

T
4 50 80 7
2Theta (Col pled TwoTheta/Theta) WL="1.54060

Mark the peaks in question
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SEARCHING - SPECIFIED PEAKS, DIF PATTERN

Data Command n x

DIF (Sample 1 25C.raw) Al -

IL[Er Gray all except selection : 20~ P‘ﬂv I/' E\. @J}P ¢‘@‘ f) HE D% M ﬂ:? 1‘@-

1 ﬂ Show Selected Patterns in Ruler
Tk Expand All Nodes 7]
1 Collapse All Nodes
X Delete

& Clear

¥ ocut
0 copy ]
[ Past=
00 Select Parent

% Select Children 40,000~

o -l IR SR AR B - B

=
=)
i

| 1 PDF 01-077-3163 Sn02 Tin Crxide:

1 CIF (Sample 1 25C raw)

50,000

3,000

0“' Invert Selection
Create Separate List

2,000

File A

18, tmport from Files
|T‘;| Export Fitted Peak(s)

B Export DIF...

:.F Export Cif...

';'rp. Export Str...

20,000

Counts

& o e 3. "Search against the DIF pattern

[&] DB view
F| Stick Column View

- 19 ID the remaining peaks | *# 5F F 3 F T TETTTE

Wi chemical Filter 10,000
=¥ Database Filter

& search / Match (pattern)

2 Search by Mame 1

AbE ] !
% search by Mumber MJI i3 \___}‘\_L :
Ii? axby . Lt — ==

§ill create kB-Patten ' o ‘ B ' 3‘: ‘ ) ) ' B ‘ B '
il create wLo1-Pattem 2Theta (Coupled TwaTheta/Theta) WL=1.54060
|‘|:§ Residue

owa e ~ 2. Create a DIF pattern "

1! Make Peaks v Document
12 Profile Fit .

Jiena

Views
7 auto-scale

Pattern Matching
o 100% Scale

Setl
[] 2theta 15can
Sample 1 25C.raw #1 Sampls 1 25C (Coupled TwoTheta,Theta)
Fit - w /][ pattemist #1 2ratterns

Lh User Database

Create Scan Data

Assodiate Peaks and Pattern ’ v E PDF 01-077-3163 FN02Tin Oxide

Select Peaks and Pattern Assodiation » v E DIF (Sample 1 25C.r
Cancel Peaks and Pattern association v |: Peak List #2 4Peaks

(¥ et 1. Mark the peaks in question

[1 Peakz2 31.975 ¢, 853.553 Counts

[1 Peak#3 43.842 °, 341,506 Counts 33

(1 Pesk =4 44,857 °, 514,833 Counts




STILL HAVING TROUBLE?
OTHER TIPS AND TRICKS




CHANGE DATABASES

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

EManageDatEbases =X
M lUse |Database Lﬁ\ Content Type Prope... |Convert | Writable I:]E‘Et_

PaNalytical Example Database C:\UsersUser\Documents P ANalytical\HighS wamplel |PDF-2 flat file Highs:
{iEpo POF-2 2026 PDF2025 ™\ PoF-2RDE Sybat | General = Decimal Places [MBEI=GEECMM DB Patterns | Filters
EUD PDF-2 2026 C:\Program Files\ICDD PDF-2 Release 2026'FDF-2 Zﬂzb.hs PDF-2 RDE Highs
COD COD24 HS4x C:\Databases\COD24_HS4x.hsrdb Converted CIF files | =+ Highs Search / Match Databases
T 1’ CSD Database, The Cambridge Crystallographic ... l::'lDatal:-ase:;'I,IZZSD_E[IT‘.-_E_T‘.-__Datat-a::e.h::rdh CSD Database + Enable "Deleted” PDF Patterns

Enable "Hypothetical” PDF Patterns

+ | Enable “Alternate” PDF Patterns

» + | Auto-Search Results as Candidates

4 il |

Total Mumber of Patterns: 1297328 Disk Usage Remembe
Default Databases
Crystallography Open Database (Full) {rev.294353)
Local Crystallography Open Database (Minerals) (rev, 294865)
| PDF-2 2026
CSD Da...25-600 1297328
CA
0 179.159358.318537 477716.636895.7951,074.95
Gigabyte
Add HighScore Database. .. | |;.) Search for databases | | Create new empty database... | | Convert - | | 0K | | Cancel

XRF

Fit

Colors

35
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PEAK SHIFTS (see next slide)

Counts
sugar - shifted; Start: 4.9000; End: 89.8600; Step: 0.0300
B 00-024-1977; Sucrose; C12 H22 011

60000 —
40000 —
20000 — ’
I [\ ﬂ [ | \
| || f
{\ | } w’l | } }ﬂ’ || /- (' - (I
. / \\.V-"/’ - /,( /}v} \\ /’) /} ”/' \J/ / \ /;/} J ’// /\, tf"/\r_//}\‘_'///\v\ /} /\,/ ! / ‘\\,\2/ \\,/\/,/\\_ /‘\\///\_V /\‘/v\_,'/\ /{ l\/\.\ // V\.\ /,\_ \ j/'\ﬂ\ i ﬁvru,ﬂ,\’/\w\. o J
I S B N | ”. <.|H'.' - T |||||| ||'||||[ IIF" | ||'||”""|""'||||"'|"'|"'l"i""'||||| 1T
| T T T T T T T T | T T T T T T I T I | T T T
30 40 50

Position [°20] (Cu K-a1)
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PEAK SHIFTS (see previous slide)

Search & Match - [Untitled]

Pattern List | P‘ Restrictions || Parameters || Automal:icl
Quantificd Data source:
Anchor Scf Peak Data -
” Accepted Patter
|No. |Visi... |F{e Scoring scheme:
@ Single phase Multi phase
e "¢ Hot selected
Auto residue E0 SUoNg m—
S . | oK |
Match intensity Allow pattern shift _
| Cancel - |
Known Twao Theta shift [228] 0.000 7 |m|
1
4| il | [3
| Candidates: L0 search
I".Io.|Ref. Code ‘t 5| Compound Mame Chemical Formula -
_1%0 00-062-1061 Diaquo 1,4-bis(imidazol-1-.. [ Co (H2 02 (N2 C3H3) C6 H4E|
2 D 01-082-5342 Curium Oxide Sulfide Cm10 O 514
D 01-076-9357 Calcium Mercury Ca% Hg54 [ Cal.92 Hg0.03 )
_4%0 01-085-1407 Sadium Calcium Iron Vana... || Ma0.7 Cal.3 ) (V7.6 Fel4) 02
5 D 01-086-6420 Mercury Yiterbium Yb11 Hg54
Elimtl[l 01-070-5161 Thallium Tin Fluoride [TISF3}[SnF&)
_TED 01-081-8277 Mercury Yiterbium ¥b14 Hg51
8 D 01-087-2745 Barium Zinc Iron Oxide Baf Zn5 Fed2 074
9 o 01-071-1187 Eromine Antimony Fluoride |[BrF2)(5b F&}
10 D 00-053-0122 Cadmium Chloride Thiourea | C2 H8 Cd CI2 N4 52
11 ann 00-069-1141 Lithium glycolate monohy... |[C2H3 LI 03 . H2O
12 {iffpD 00-070-1030 4 5-Dihydroxy-1-phenethyl... | C11 H14 N2 03
13 D 01-085-9599 Cesium Hydrogen Sulfate ... |[Cs3 ([HS 0412 (HZP 04
14|imnn 01-085-3221 Cesium Hydrogen Sulfate .. |[Cs3 [HS 042 [H2Z2P 04
j%n 01-082-4378 Earium Mercury Zinc Ea Hg3.40 Zn0.60
16 D 01-087-1598 Potassium Hydrogen Germ... K3 H [ Ge7 O16) [HZ2 O )3.137
17 D 00-041-1368 Calcium Manganese Silicate |Ca Mn14 +3 5i 024
12 D 00-070-0293 Silver Zinc Iron Molybdate |Ag Zn3 Fe (Mo 045
19|ignn 03-065-1166 Erbium Germanium Mickel Er Ge2 Ni3
20 D 01-076-96594 Tin Gallium Indium Titaniu...|Ga3.18 In0.82 S5n2.7 Tid.3 012
21 D 01-073-0898 Tin Oxide Hydroxide Phos... |Sn3Q (O H)(PO4)
D 01-076-1846 Calcium Silicate Ca 51 03]
23 D 00-063-0836 Maphthalene CloH2
24 D 01-083-0495 Potassium Zinc Deuteride K3 [Zn D5} —

PE——

[ gestrictions | Parameters || lp.1.|1:::rna§c|

P Restrictions | Parameters || Automaﬁc|

arch

Pattern List Pattern
) Search | ) Search
Quantificz Data source: Quantificz Data source:
Ancher 5c Peak Data - Anchor 5ci Peak Data -
Accepted Patten Accepted Patten
No. | Visi... |Ref | Scaring scheme: No.| Visi.. |Rel | S5<@ring scheme:
@ Single phase Multi phase @ Single phase Multi phas _
-+~ Selected; redo se
Auto residue Demote unmatched strang [ Auto residue e
0K OK
Match intensity Allow pattern shift |7| Match intensity < | Allow pattern shift > |—|
| Cancel - | | Cancel - |
Kniown Two Theta shift [#28]: 0.000 7 |7More . | Known Two Theta shift [*26]: 0.000 7 |Wl
1 = =
4 I = - 3 4 il | 3
| Candidates: C | P sumose x | Candidates: - | P sucrose >
[No. | Ref. code 4 5| Compound Name Chemical Formula No.|Ref. Code [ Compound Name Chemical Farmul
47 iBpD 00-024-1K7 Sucrose cizvzzot1t J
* no candidates found
 Allowing a pattern shift
brought sucrose into the
candidate list

dq | il » 4 i 3
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PEAK SHIFTS (see previous slide)

Search / Match DIF (sugar shifted.raw) Ed UBC
200-] Matdmd 259051 ‘I. EEDSDE Canduﬂates |r1 EIE a luxy-B-(hydroxyme&hyl)oxane&,4‘S-triol\Sucruse‘
E  Databases | Match Lists| Mames Options
. Criterion: 2-Theta Window:
2: Meutral gl 0.25 &
_ * You can change the 2-theta search
& window to get more candidates.
s Searched againsta DIF file here
] * A 2-theta search window of 0.16 did
not return the correct result but a
window of 0.25 did.
iR ARIIE \ 1 H W H\ m'HLHL vt JlJL IR
%,&D Pam:r::qatﬁmg
[=}»I["] 2Theta 15can
u.|I| sugar shifted.ra sugar (Coupled TwoTheta Theta)
u.l:lPttE List #1 2 Patterns

C12H22011 (2R, 3R, 45, 55,6R)-2-{(25, 35,45, 5R)-3,4-dihydroxy-2, S-bishydroxymethyloxolan-2-yl)oxy-6-(hydroxymethyljoxane-3, 4, 5-triol | Sucrose
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CCCCCC

PEAK SHIFTS — SOMETIMES YOU HAVE TO SQUINT, part 1

scan in question

1. student run sample; had trouble

CCCCCC

identifying phase(s)

2000 —

2. scanned a similar sample (black scan;
different operator and instrument)




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 —

zY

iy | e n 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

W K51 [~26]: 26.525
W L-a [=28]: 28.166
M <01 [=26): 29.412
K-aM [=26]: 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)

PDF 00-005-0586 A

U[Er Gray all except selection
I ﬂ Show Selected Patterns in Ruler
B4 Expand Al Nodes
s 1 Collapse Al Modes
X Delete
Y cut
0 copy
B Paste
O Select Parent
2% Invert Selection
Create Separate List

File A

\-QN Import from Files
F-“, Export Fitted Peak(s)
L ExportDIF...

S, Expert Cif...

;T“ Export Str...

Create ~

[5] 08 view
m| Stick Column View

Tool A

¥ Chemical Filter

r_v Database Filter

| search / Match (pattern)

42 Search by Name

]_C} Search by Mumier

(0 dxby

7 Tune cel

ml Create KB-Pattern

%[, create w La1-Pattern

‘hé(, Residue

B Auto Residue

il Make Sticks

1'\',\}' Make Peaks

"% Make DIF

2 Profile Fit

‘[_:F-‘ Auto-scale

o4 100% Scale

4% User Database

1! k] Generator
Create Scan Data

Fit A

Associate Peaks and Pattern
Select Peaks and Pattern Association
Cancel Peaks and Pattern assodation

1D View #1 @

2e- M- |- dR e

2.553—_
T IR
2400
2, 0]
200 ]
2100
2, oo
1.500-]
1800
1 ,7-53—_
1.600-]
150

1,400

Counts

'.}DD;
=] dx by PDF DO-
§100_

1.050

500~

0.985

5-53:
® 0.95
800—

553;

400~

& B h A 12 D

005-0586 =

Max Default
d Multiplied By  seet kb=
Mir

Replace Append

ik af B2

Py e S e & 80 W R IR R

abe 123 I

L

I PDF 01-083-30385 CalCO3) Aragonite, syn
1 POF 00-005-0586 CaCO3 Calcite, syn

J i

Data Tree

Data
- Document

> Views

v . Pattern Matching

» Set 1

My [] ztheta

w |V E Csand.raw #1
v/ [ eettemistsz

(1 POF01-083-3085
[T PoF 00-005-0586

Description

1 5can

CSAND (Coupled TwoTheta/Theta)
2Patterns

Ca(CO3) Aragonite, syn

CaCO3 Caldite, syn

0 ' 0 0 ' -]
2Theta (Coupled TwoThetaiTheta) WL=1.54060

« Solid solution example — Mg substituting for Ca in
calcite resulting in contraction of the unit cell

* “The d-values are multiplied by the same factor,
simulating an isotropic dilation (factor >1) or contraction
(factor <1).” (from DIFFRACplus EVA user’s manual)
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TUNE CELL - check for anisotropic unit cell shift

% 1DView #1 @

Data Command

PDF 01-080-8486

['r Gray all except selection

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

X Delete

¥ ocut

Copy

E‘ Paste

. selectParent

File

IﬂN Import from Files
B2, Export Fitted Peak(s)
W, Export DIF...

S.'F Export Cif...

3.TR Export Str...

Create

’FJ‘ DB View
m' Stick Column View

Tool

Wi Chemical Fiter

:ﬂ Database Filter

| search / Match (patter)

42 Search by Name

9 Search by Number

‘“9 dxby

7 Tune cel

fﬁll Create KB-Pattern

4l create w La1-Pattem

1% residue

||Flll Auto Residue

| Make Sticks

J‘.L‘[g! Make Peaks

1L Make DIF

1% profile Fit

gm Auto-scale

o 100% Scale

Lk User Database

1! k] Generator
Create Scan Data

Fit

Select Peaks and Pattern Association

Cancel Peaks and Pattern assodation

i 2o P~

18,000

l”-

17,000
12.000-]
1 5.-933;
14.000-]
12.000-]
12,000
11 .-m_-

10,0004

Counts

5,000
8.0004
7.0004
8,000
5,000
4,000
3,000

20004

E V)

& et A

R

LBARA RARAR ALY Liass: T
5 % z

2 -

Bowld 8 0 4 W2 R Bt I ST O - 3 = LR il | A

Tune Cell PDF 01-080-8486 x

I POF 07-090-8456 Cal 0(POJEF 2 Fluarapatite, syn_|

System Hexagonal Default

a -

5.460902 Max Show all - |-

Filter < 1% -

9,32286 width All Sticks indexed

9,273559  Min

Feplace &ppend

O S S R

T T T T T T T T
20 pal 2 P}

Pattern Matching
P set1
w17|[] 2theta
v /|1 Francolte.raw #1
v [v|[ Pattern st #1
“0v v poFotos0-sdss

24

Description

15can

FRANCOLITE F,C-APATITE, IGME
1 Pattern

Cal0{PO4)6F2 Fluorapatite, syn

{Offset coupled TwoTheta,

AR AL
33 4 35 3% a <13 38 4 4 2 7 45 )
2Theta (Offset coupled TwoTheta/Theta) WL=1.54060

Sometimes there is an anisotropic unit cell shift.
» This is a tutorial example where C#4 (smaller ionic radius) is replacing P>*

» 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

160

=
w
o

=
N
o

110
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.

o o
B ) ©
2 . o o
N < & b~ °
~ & < -l
| ™~ = o] S
] & @ & S
o o IN n
™ ~ f o
o T} o o ©
5 8 4 1] o
L o e
1 el
il 1l
k=]
v ien 4 Y MM T Y7 v Ty =
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
EOO-O44—1481 (*) - 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
0
80

T0

CFS

1]

40

a0

I PDF 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.

| L ..‘.” “ . I ,||, Al

L R T L

20 k] 40 50 &0 70
2Theta (Coupled TwoThetaTheta) WL=1.54060
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SIMILAR PATTERN (but not isostructural)

e I PDF 00-043-1002 Ced2 Ceriante-[Ce), svn
1 PDF 00-005-0566 ZnS Sphalerite, zyn
. Cerianite (Ce02) Sphalerite (ZnS)
- crystal system cubic cubic
space group Fm-3m F-43m
20 a 5.411 5.406
™ « Similar unit cell but different crystal structure.
* If you can’t identify your phase but find a
o similar pattern, perhaps this gives you a clue
° about the unit cell.
» Then do a unit cell search and see what
“ pops up.
» Chemical analyses or some
” knowledge of the system wijll
i help with phase identification.
10
| ]

| | | o | *



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

)
LI RCE ¥

. a e E
[ F, :
S R T R e



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 or not found in the database

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



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 the crystalline structure of the material; the chemistry of your phase

should be confirmed by other means
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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