Y/ ICDD: Sleve+ Introduction

e Sleve+ is a Plug-In module integrated in the PDF-4 products. Sleve+ is licensed
separately at an additional cost except for the PDF-4/Organics database.
Sleve+ will activate for a free 30-day trial period or until the product is
registered. A license for Sleve+ may be purchased along with a PDF-4 license
or following the free 30-day trial period.

* Sleve+ accepts user data and searches the ICDD reference databases (PDF-4+,
Organics, and Minerals) for comparison. There are several hundred thousand
entries for both PDF-4+ and Organic databases. Therefore, various methodes,
especially the newly implemented features and improvements listed below
are used to ensure efficient searches to obtained the accurate matches.

** New Similarity Index with normalized R index

*» New data processing menu for background subtraction, Ka2 stripping,
smoothing, and peak finding

*» New Matches Filter with Common Filters of Primary Patterns or Mineral
Related or Common Phases

*» Instant display of overlapping input and reference patterns

* The matched results depend on the criteria and methods specified. This
tutorial demonstrates the available methods and the operational procedures

of Sleve+. .
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Sleve+ Purpose

Sleve+ will identify patterns of various X-ray powder
diffraction (XRPD) data files:

Single phase XRPD patterns

Multi-phase XRPD patterns

Data file containing only XRPD peaks (*.xml)

Raw instrumental and/or converted data file formats:

ICDD

CIF

X-Y

GSAS
Bruker
MDI
PANalytical
Scintag
Sietronics

(*.csv, *.prn, *. *.pd3)

(*.cif)

(*.xrd)

(*.gsas, *.gss, *.gsa, *.raw, *.dat)
(*.uxd)

(*.mdi)

(*.xrdml, *.udf)

(*.ard)

(*.cpi)



Sleve+ Methods

There are different search methods and match criteria used to
get accurate results. They include:

Hanawalt with the option of 3 rotations — This uses the
strongest line for the search. The rotation involves up to the 3
strongest lines

Fink with the option of 8 rotations — This uses the longest of the
8 strongest lines for the search. The rotation involves up to the
8 strongest lines.

Eight largest d-spacings with the option of 8 rotations — This
method uses the largest of the 8 longest lines for the search.

Search window and Match window are options for user to
specify the error margin.

Weighted GOM, Pattern GOM, and Similarity Index are
quantities used to rank the matched reference patterns.

Data file import processing options — Manually add/delete
points or use Cubic Spline function for background subtraction;
Add diffraction peaks; Strip Ka2 peaks prior to file import.



Sleve+ Search/Match Procedure

Specify
_ Input User Data | <= | g5earch/Match
Specify options
Search(Match « (Preferences)
options
(Preferences) | N9 Reasonable )
7Y New Match? ) Accept Phase
: : | no
Combine with ves ‘
DDView+
Search Criteria Single no Last
Phase? Phase?
yes ‘ yes

(_End J*=



s ICDD:. Sleve+ User Data Input

Frequently Used Icons

JJ lF:"v #’JEJ“E ' <4,
7 8

9 10 11 12 13 14

B New Session..

&1l # Open Session [ FomlastDirectory.,  Ctrl+0

1. New Session: 2. Open Session: & fromUserDirectory.  Ctrl+Shift+0
L ETELY Peakiiles= 4 From Examples Directory.
input peaks 56 sample multiphase
(or Copy/Paste) peak files in the
21 New Sessi... [aem] examples directory
Lines (1)
Ex d(A) Ex I i .
— « Import Session From D-1 List.. _
3. Import Session: From Experimental Data... |
— Raw experimental
RPEE digitized data files ‘

| OK || Cancel |




' ICDD: Sleve+ Miscellaneous Options

“‘F“rhéquently Used Icons

BHUSE S Y| & g 2
1 2 3 4 5 6

7 8 9 10 11 12 13 14

# Preferences &l

Help
7- Sleve+ PrEfe rence: General | & Search PDF Card | 54 Simulated Profile | Electron | [@] Ring Pattern | &4 Sleve+
MEthOds and Criteria Window ZZZ:: Method: @ Hanawalt Fink Long® Max Rotations: 8 -
.Search/Match error margin Search Window: 0.15 = © Match ‘-u'ufindow: D..15 - o

Lowest Allowable GOM: 2000 - v | Weight d-Spacings

eWavelength specification Wavelongih
*eGOM limit specification I ’

Matches Fields Ordering

eHanawalt/Fink/Long8 selection it no
*Show/Hide All Rotation Shows Similarity Index ror # A

Lines Table: | d-Spacings ~ Status =

eShow/Hide Pattern GOM Coords

Compound Mame

Chemical Formula

eShow/Hide Similarity Index o1

=a
eD-Spacings/2Theta selection o -
ok |[ cancel |[ Apply || ResetPage |[ Resetai
Phases (2)
11. Accept Phase @ | # [«] PoOF# Compound Name IRatio| 1% | Vi
Comparison between the TR Ty ozr 20 o2

user data and reference data continues after “accepting” the matched phase .



44/ ICDD:. Sleve+ Phases Table — Multiphase Hit List

Matches Filter: i Mr_::tcht?sFilte_r =
Combine the chemical, physical,
and crystallographic property

Name Description | Hits |

from the previous search with o
the d-spacings/intensity search  ©commensies
reS u ItS Primary Patterns Mineral Related || Common Phases
Apply Filter | | Don't Apply Filter
Phases (3)

Three matched referenced patterns from the PDF database:

*The mixed phases contain Zinc Oxide, Aluminum Oxide, and Calcium Fluoride
*Sum (intensities) of matched peaks for reference pattern 04-007-9627/

Sum (intensities) of matched peaks for unknown mixed phase = 1.1

(1.1 /(1.1+0.27+0.89)) * 100 = 49

*l/lc: reported reference intensity ratio in PDF database

for 50/50 weight percent for [Reference Pattern]/Corundum



\&=/
CDD. g)eve+ Lines Table - Phase Comparison
d-spacings/Intensities of || piffraction Patterns | Lines (41 of 44) ‘

reference patterns 3.47551
comparison table:

Multi-phases and those of Exd # [ex1| pid |Pi1| P2d |P21| P3d |P31

15t & 2" columns:
Experimental data.

1.92175 |4

m

3rd & 4th columns:
First matched reference
pattern data.

5th & 6t columns:
Second matched reference
pattern data.

7th & 8t columns:
Third matched reference
pattern data. 8




Sleve+ Case-1

Objective: Search for reference patterns in the PDF
database to match mixed phase peaks in a user file

) 1 Matches Filter ==

1. File :> Open SeSSion :> Edit LSS RESES Lines. HElp - (@ Past Search Filters
. New Session... Ctrl+N =N My v (e 3 ]
From Examples Directory AL XD

Name

» s From Last Directory...
Import Sessi 5 From User Dir [

&5

=)
Save Session... Ctri+S

[ ]

(") Common Filters

2. Select a peak file:
Session_7 4 5.xml

Primary Patterns Mineral Related Common Phases

Apply Filter Don't Apply Filter

B Print... Ctrl+P,

Close

3' SeIeCt MatCheS Fllter e Edit_ Mis;i::;:(;i_ass-:?runes Help ==
@¥ S A

“ICDD Pharmaceutical” from | () £ & %3 @& v o
the previous search results Matches (133 of 6:49%

GOM PDF # QM | Status| Co... Compound Name Chemical Formula D1 D2

F

| P DL-2-Amino-3-phoesphonopropicnic acid |[C3IHEN OE P 4 260000 |8.510000 (344

“ ” R P (E)-Ethyl 1-{4-bromophenyl)}-5-{(4-chl... [C31 H23Br CIN3 02 5 3718660 |3.454000 |41

4 . Acce pt I b u p rOfe n, o P Bis(4-phenyl-3-thicsemicarbszide) nic.. | C14 H18 N8 Ni O8 52 3 30 16

. . o] F Sertraline malonate C20 H21 CIZ N O4 313390 5E3TT |4
Cont| n ue Search | ng ] F +  |9-Methoy -12-methyl-7-{[N-methyl-2-... |C22 H25 N5 O 4269140 4261030 |87 ™

‘ 11 3

Matches Filter  Filter Description

5. 2nd matched phase l < Select... {Subfile/Subdass (Pharmaceutical)} |
B _La‘Ctose Wlth Experiment . N Diffraction Patterns | Lines (27 of 2?)‘
hl heS'[ GOM Search Line(s): |4.261 « A D1 Range: 4.231-4.201 |A  Rotation: All
9 < \ Preferences 100
. . Search Method: Hanawalt Wavelength: Cu Kal 1.540564
6. Diffraction Patterns: atindoe  FT— o match window: [o5——° &

unknown and e — :=-; 0
matched reference " phases ) =

, . @ #|%| PDF# Compound Name I Ratio| I% IIc ol \
patterns’ d-spacings | N TR

< P-Lactose 1125 |67 75 100 125 150 175 200 3225

and intensities -
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Sleve+ Case-1

Interpretation of matched results

-
we Sleve+ - Session_7_4_5 xml — = S
File Edit Matches Phases Lines Help
w0 P I
BOSRms ZEE| & | > I =B | &
Matches (133 of 6,489)
GOoM| Pat. GOM PDF # QM | Stat < Compound Mam Chemica | Formul D1 D2 D3 D4 DS D& D7 D LI Rot. #
23 | 38 ! P DL-2-Aminc-3-phospho. C3HENOSP 3. 440000 4. e S 4.5900
50 |42 R (= (E)-Ethy (4-bromao: C31 H23BrCIN3 o2 S 3.484900 7406130 |3.350860 |3.495670 |3, 360790
0z |31 =] P Bis(4-pl I-3-thio=s.emi C14 H18 N8 Ni O86 S2 4.6 0000 (3280000 |3 560000 500
14 |28 o P Sertral malonate [ H21 CI2 N O “41 a4 841 2443 g
| matches Filter  Filter Description
~+ Select {Subfile/Subdass (Pharmaceutical)}
Experiment
[A] piffraction Patte Lines (27 of 27}
Search Line(s): | 4.2 ~ | A D1 Range: [4.231 - 4.291 A Rotation: | Al
Freference |
Se h Method: H wwalt wawvelength: Cu Kal 1.540564
Search Windowr Match Window: [0.15
1
Lowest Allowable GOM: |2 | vweight d-Spacings =
=
Phases (2) =] | ‘ | [
& | = | = PDF # Compound Name R 1% I/ Ic 2s 1l | I A | | l
|
| | |
Ml \ LA ]\ i
. o M s P WU S | SEY, W .5, SN SR V. |
[ | ! v 1 A
1= s 18 17 18 12 =0 21 22 =23 24

A window *d / tan(arcsin(A/ (2 *d)))
A Match: reference d-spacing <= experimental d-spacing +/- A

it Slevet - Session 7 4 & xml

Red: matched lines; Black: non-matched lines; Purple: overlapped lines

File Edit [Matches| Phases Lines Help  Goodness of Match (GOM):

VIE

Matches (1

GOM| Pat.

4033 389
4060 (429
4002 |15

314 283

¥ | Matches

7

f

4" Show In Results
7 Sele o

Refresh
Rotate
Reverse Rotate

GOM (each line) = (1 - (line error /A)) * (1 - (line error / A) ) * 1000
GOM (Final Weighted) = (D1 GOM * 3) + (D2 GOM * 2) +
(D3 GOM) + (D4 GOM *0.4) + (D5 GOM * 0.4) +

OpenPOFCard | (D6 GOM * 0.4) + (D7 GOM * 0.4) + (D8 GOM * 0.4)

Open Simulated Profile

Graph Fields.. If a suspected reference pattern is not in the “Matches”

table, users can use the new option “Add PDF # “ under the

“Matches” tab to manually add the pattern to the “Matches”
table

Matches Filter

Add PDF #... 10
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)\ [CDD: Sleve+ Case-2
7 Objective: Find matched patterns in the PDF database with the
experimental raw data containing three phases of compounds.

El:lit Matches FPhases Lines Help

1. Import raw experimental data file — a ©) Mew Session... Ctri*N | | | e |
mixture of three phases for search/match ~—~==an_Session >
N s g From D-I List...
. . - + rirgny Experimental Data...
Zero point correction Save session.. crlEs =
Print._. Ctri+pP
Close
2. ProceSS Data P:- 3~H~I Experimental Data - CPD-1H.GSS 53
. ots Help . . .
< Background Subtraction Wavelengt — s
,:. SmOOth|ng Cu Kal 1.540568 + A Remw; Background & Intensity Limit: 13
% Strip Ka2 Peaks Et”ﬂfi”fm 7| v iy | (“E”
V| Use Noise Limit (129.44) 2 Intensity
s Show Peaks, Add/Remove Peaks *
£ 3000 | Undo | AcceptPeaks |  skip> | ||28.20249  |4528.5
B 3179434 |3227.8
55 S0 34.45203 [2354.5
1,000 35.17672 12891
. . 36.27953 5541.4
At the end of data processing, tick ° aots 465
marks shown at the bottom of the 2 ‘ d
. . Manual Peak Selection
plot indicate all peaks for the search. [ Process Data _ Rem import | Advanced Mode | (_Gancel |
Also, a peak table on the right side
shows the total number of peaks. “il Matches Filter ==
Past Search Filters
MName | Descr
After Importing the data, “Common or _
Phase” of the “Common Filters” was © :fmmm:t":ers SRR i
selected to reduce the number of L ————

matCheS_ Apply Filter | | Don't Apply Filter




Sleve+ Case-2
Multiphase Search/Match Results

First matched phase
ZnO with highest GOM

Matches Filter  Filter Description

Commen Phases |

“r Select... l

Experiment
Search Line(s): [2.47411 w|A D1 Range: [2.464 - 2.484 |A Rotation: |1 of 8

Diffraction Patterns | Lines (21 of 41)

Preferences

Search Method: Hanawalt Wavelength: Cu Kal 1.54056A 5000

Search Window: 0.15 @ Match Window: 0.15 =

Comparison of d-
spacings and intensities
for the input data and
those of all three
reference patterns

4,000

Lowest Allowable GOM: 2000 Weight d-Spacings

3.000

Intensity

Phases (1)

2.000

| Calcium Fluoride

Matches Filter  Filter Description

Common Phases

“r Select... l

Experiment [Aminum Cxide

Search Line(s): |1.93063 A D1 Range: [1.925-1.936 |A Rotation: |1 of 8

Preferences Matches Filter Filter Description

Search Method: Hanawalt Wavelength: Cu Kol 1.54056A& - Common Phases
T Select...
Search Window: 0.15 ° Match Window: |0.15 @
Lowest Allowable GOM: |2000 [¥] weight d-Spacings Expeiiyent ) Diffraction Patterns | Lines (41 of 41)
Search Line(s): 2.08407 w A D1 Range: 2.077 - 2.091 | A Rotation: |1 of 8
Phases (2) = =
Preferences 6.000
Search Method: Hanawalt Wavelength: Cu Kal 1.540564 5,000
Search Window: 0.15 ° Match Window: 0.15 o 4000
Lowest Allowable GOM: 2000 [/ weight d-Spacings Z 2000
Z 3
2
d Phases (3) £ 2 boo
nd matched ph CaF2 o
2 atched phase Ca
1,000
Calcium Fluoride ad
Aduminum Chade 0.255 11 [N [N [ 1 NRUNEIT 1"
| | RA U I R Ty
d -1.000
r h d h A|203 10 20 30 40 S50 60 7O B0 S0 100 110 120 130 140 150
3'“ matched phase -




