Time-of-Flight Neutron Diffraction

How to analyze Time-of-Flight using powder diffraction
and the Powder Diffraction File™
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Overview

In 2016 ICDD again enhanced the materials analysis capability of the Powder Diffraction File™ (PDF®), adding the
capability of simulating Time-of-Flight (TOF) neutron diffraction patterns. Utilizing over 272,000 PDF-4+ database entries
with atomic coordinates or neutron diffraction structure factors and 26,000 additional entries with cross-referenced
access to atomic coordinates, TOF patterns can be simulated, displayed, and compared to imported TOF raw data.
Using the Similarity Index capability of PDF-4+, full pattern matching can be performed for phase identification of major
phase unknowns. This Guide presents four activities that will help with getting started using the TOF capability in ICDD
PDF-4 databases.

Activity 1 - Plot a Time-of-Flight (TOF) pattern using a PDF entry ... Page 1
Activity 2 - Plot a Time-of-Flight (TOF) pattern from a search ..........ccccocviiiiiiiii Page 5
Activity 3 - Using instrument parameters, Isotope substitution, and comparison to raw data ............. Page 10
Activity 4 - Phase indentification using Similarity INAEX ... Page 15

For further information on ICDD’s neutron diffraction database capabilities, please visit our website at:
> http://www.icdd.com/products/2016/neutrondiffraction.htm

Read the Time-of-Flight absiract submitted for publication for Advances in X-ray Analysis
from the 2016 Denver X-ray Conference presentation.

> New Neutron Time-of-Flight (TOF) Capability in PDF-4+ Relational Databases: Digitized Diffraction Patterns
and I/l for Quantitative Phase Analysis

J. Faber, Faber Consulting, Thornton, PA, USA
S. Kabekkodu, J. Blanton, T. Blanton, T. Fawcett, ICDD, Newtown Square, PA, USA

http://www.dxcicdd.com/16/abstracts/D20.pdf

Online Resources

Visit our website at www.icdd.com

Our goal at ICDD is to help you solve your materials problems. We provide online publications, technical bulletins,
tutorials, and videos. Many tutorials focus on capabilities of the database, but there are also general tutorials that
describe methods used fo analyze drugs, polymers, and minerals. The tutorial page has links to free download
publications, as well as instructional videos. Our website also contains over 1,000 full publications for free download

from Advances in X-ray Analysis. Our website, tutorial page, and publication pages are there to help youl!
> www.icdd.com.resources/tutorials
> www.icdd.com/products/technicalbulletins.htm

> www.icdd.com/resources/axasearch/search_based_on_vol.asp
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ICDD® PDF-4+ 2016 Time-of-Flight (TOF) Neutron Diffraction Pattern
Simulation and Phase Identification - Getting Started

Activity 1 - Plot a simulated Time-of-Flight (TOF) pattern when you know the PDF entry you are interested

in reviewing has atomic coordinates:

- Open PDF-4+ 2016 by double clicking on the desktop icon

il

POF-4+ 2016

n Enfer the PDF number for a known entry with atomic coordinates by selecting the Open PDF Cards button
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Enter a PDF number and click on open. For this example, use entry 04-019-6640, Li,MnSiO,.

i Enter POF Numbers X

PDF Number:| 04-019-6640 | s | % | |RecentPDFCards v

{oves [JERT) TG

The PDF entry 04-019-6640 is displayed, including the option for a simulated pattern. The default is to display
a powder X-ray diffraction pattern, Cu Kal,2 radiation, pseudo-Voight peak profile.
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Click on the drop down menu for wavelength options and scroll to the bottom, click on TOF Neutfron

Fle Ede Plos Window Melp

Hal @ B » B uxEHEN = i
Swve Pint | Preferences | Tesperwius Sevies Teobos Propeiy Shest | 0 3D Boreds | SAED EBSD Ring | Seewdleied Profle S Difhacton Dets
Emmm 1,000
s s Db Dt DD w0a
Ital.l]..mml ! | L A ) £ 500
W1 055 L TR @T 4 | 2 @ Lo
oo 57| (AN ER £ e
EEEIEE|
e ENEN S 00 ﬂ |
el RN N oL Ll Ll B L =
s EEERES {111 I I
;;'z‘,' | 10 20 30 40 50 B0 7O B0 B0 1000 190 120 130 VaQ 150 180
e 5 CuKal1.540568
o o S
Kol 1.78896 A "
- Ko(Avg) 1.54184 A
m""" SEuchrsl Farmis Kol 1.54056 &
Eraricsl Formols: L0 e 04 S5
i m Ko10.70830 &
. sors e Y L3500 Mn 12,50 050,00 Ko10.55941 &
Fruchee el MRS L nm WASgane 48 Tt lherx-rarl.r{l}
[T pr— ey ol Pl
e Neutron (&)
Erosnrefereroey eas Lo
il Eniry Date: SRR L0
Commern Lear Modifeabon Date.
Lt bk P b

The simulated diffraction pattern is now an Intensity vs. Time-of-Flight plot. Currently for PDF-4+ 2016,
d-spacing values will not be displayed for TOF data. Click on the Simulated Profile icon and the simulated
pattern will be displayed in a larger view.
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The TOF pattern as displayed is based on default parameters built into the PDF-4+ software. The defaults
include instrument profile parameters and Time-of-Flight range. To change profile or range, click on the
Preferences icon and adjust as necessary (Note: instrument profile parameters can be imported from
different user facilities. See Activity on page 10).

fin fon Piotn Wedow Biela
]| @
Ot e Fom | Prefeeeon
i bad
TIOF Hopiroes (i

- | i
_MJ-UHLJJJJ IL' uﬂl.;.- Ll g, \ M

._._ | Ll L \ B = P L -3

5000 1Z080  BAGOD SRa0T ADOO 30,000 Hpm 080N 4000 AO008 SSO00  BODOR ANOO0  7O0M0 TEEGH  BOOS0  MACOD 84060
Teet- o FligH (i)

L L
SERENENEEESERERZEIERE

[ Lz wn 51 04 - a-npmeat sy

[E] Preferences 4

&F General N Search POF Cord O Diffiacion Pattem gk Bond Lengfhufingies  Bectron [ fng Patten (G Steve+

Srmudation Sets: | ICDD Defaults v | ... Rename. ., X Delete I &, Impert Irestrument Sarameters I
Rschatron
(C) Xeravy Deffracton
() Meutron Diffraction™

() Cormaant Warvelangth (O]

{8 Time-of Fight (T0F)

Data Acqussition: | Corstant At +

() Bectron Diffraction
Pk
D 259186
Difn: .o
Zero: 12
Bank 20 [*): 50.0
Prafiie
o 0.306885 | 0w 0.0 yic (0.0 | Sgreficance Limit: 10,001
Ba: 105387 ot 3000 yiz B0 7488
Bs: 0053006 oxt | 513682 ]
HAs: Tmecfight(s) Step Widhth (sl 6.0
-t Linese Intensty v Start TOF sl 5000
Imported Pt Data Pots: |Line - Siop TOF fis): | 93000

g sinmic coondinates o siruchee Eacines

oK Cancel ooy | | ResetPage | | Resctad Help

Time-of-Flight Neutron Getting Started Guide



n A right mouse click on the TOF plot will display additional pattern options, including options
for X-axis units: TOF, Q, d, 1/d.

TR

- EEHYEEOBEGRBAINEES
t
i

RTINS ) e o fegrr
§ ) Fiais ]
'\ | i | Lesn | Wil
| i Tt ik
Ui Lt Fanem

..__—M».Jahh}.ﬁw 'f_l\_l.!-"-l-_hl_.fls.'-fl._.'_ /- -'I-"- L, I e

10 EHE =
L | LIBLEES .. - Y tswaFrliun

5000 MO0 PADOD MR PIOO0 MG WM GRDND | ALM0  S008  SS00F MOS0  mAO0N PRGN  Mgoe mnow  wnm  misa
T e g n)

L2 G D

 EFR

Activity 2 - Plot a simulated Time-of-Flight (TOF) pattern when you search for PDF entries that have atomic
coordinates:

- Open PDF-4+ 2016 by double clicking on the desktop icon

il

POF-4+ 2016

n Select Atfomic Coordinates on the PDF-4+ search window
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Select desired criteria for searching for a material type. In the example below, choose phases with atomic
coordinates, plus a Periodic Table search for phases that have only elements Ag, S, N, and O, then

click on Search.
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Three entries in the PDF meet the search criteria. Open 00-065-0110 by double-clicking on the PDF # row
or clicking once on Open PDF Card.
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The PDF entry 00-065-0110 is displayed, including the option for a simulated pattern. The default is to display

a powder X-ray diffraction pattern, Cu Kal,2 radiation, pseudo-Voight peak profile.

Eiiﬂ p-’ﬂ-l.'.-- ' M
Hal @ | B ® B '-'.F‘F*...| = il
Save Print | Prefererces | Temperature Seces Tookow Pragerty Sheet | 0 10 Bonds | SAED EBSD Ring | Smulsted Prafie Raw Diffenction Dt
omariswsl o IE I 1,000
Flsed St [ntersity e | [/ Raw Dffraction Dads (FOT} 800 1
L] k I -
1 1| @ a) g 0
RN E i 0o
o R S |
aja e 200 | :
2 1 1 LIj,L
P : o o —a . IJM.-..I.'I.uI_u._..h..An.._...-._-.._..—_._.__ —
SRR LT TR T 0 A U AT Ao
FEENE 10 20 30 40 S0 60 VO B0 80 100 110 120 130 14D 150
N L 1 | F T
L SRt Py O @ et PresureTevper st Anteert
Experrrerial P~
Creemical Formular Ag3 S (H03 )
ruckral Formuiac
Crystsl Emprical Formua: g3 N 035
ot Weight % AgT?, 48 N0.35 0119 5168
Alpeg % AT EORIL K OO E0 01250
Rinshos Compound Hame: Sher Sufie Niress
i i g
Commaon, fame:
Crami-nefenencid a5
Befereer Erdry Dase- DR/TAT0IS
Cremenly Larst Mo ficabon Date:
Lt Mo pbong:

Sl
Eile fdd Plob Window Help

Hoa| @ | | »P B "W ..-| 2 il
S Pent | Preferenoid | Teeperaioe feves Toobax Pagerty Sheel | 0 10 fond | S8ED BD Fang | Smbated Profls Ruee [fraction Deta
kel 159056 A w ] Soiwtend Sroifig (Exp-bamed] 1.000 |
frromg roxaet | ) Oomomaommnro gy |
fou il 154055 4 u 1
pac 1.0, 70330 & ELN e | = eo0
horatosssah ool @) 1 | 1|0 | s E
josher X4y (R} X 1 i |3 f gt |
TEIENE |
ool %) 2 | t |0 | | 200 | .
o 2 1] 1
NERERES o e e il b
O EAENE L CTLE RN FTEE T A U T
m 0 3 020 W 40 S0 B0 7O B0 80 100 110 120 130 140 150
131 L 280

Cu Kol 1.54056 A v

Kol 1.78896 A A
Ka(Avg) 1.54184 A
Kol 1.54056 A
Ko10.70930 &
Ka10.55941 4 |
ther X-ray (&)
Neutron (&)

Infernational Centre for Diffraction Data |  www.icdd.com



The simulated diffraction pattern is now an Infensity vs. Time-of-Flight plot. Currently for PDF-4+ 2016,
d-spacing values will not be displayed for TOF data. Click on the Simulated Profile icon and the simulated
pattern will be displayed in a larger view.
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NOTE: If the simulated TOF pattern does not display (see example below), the atomic coordinates are
cross-referenced for the PDF entry. Click on the Cross-reference tab and double click on a PDF entry noted
with a v/ (check mark) which is a cross-referenced PDF entry with atomic coordinates for the phase of interest.
The cross-referenced entry will be displayed and the simulated TOF pattern can be viewed as described

here in Activity 2.
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The TOF pattern as displayed is based on default parameters built into the PDF-4+ software. The defaults
include instrument profile parameters and Time-of-Flight range. To change profile or range, click on the
Preferences icon and adjust as necessary. (Note: instrument profile parameters can be imported from
different user facilities. See Activity 3 on page 10).
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n A right mouse click on the TOF plot will display additional pattern options, including options for X-axis units:
TOF. Q, d, 1/d.
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Activity 3 - Importing beamline instrument parameters, plot a simulated Time-of-Flight pattern after doing a
database search, plot a Time-of-Flight pattern after doing an isotope substitution, import a raw data pattern for
comparison.

n Open PDF-4+ 2016 by double clicking on the desktop icon

il

POF-4+ 2016

The PDF Search window will appear. Select the Preferences button on the main toolbar and select the
Diffraction Pattern Tab. In this tab, click the Import Insfrument Parameters button and select an instrument

parameters file you have available (can be either GSAS or FullProf format).
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The next step is to perform a search and get a list of patterns in the database. This is done using the
Search window that is displayed at program startup. For example, the search below is for the formula LaBy,
lanthanum hexaboride. The search also included the Linus Pauling File (LPF) database (04), as all of those
entries have atomic coordinates. Patterns with atomic coordinates are required fo simulate TOF neutron
diffraction patterns (in PDF-4+ 2016 you can use 00, 01, 03, and 04 databases).

Sl w 23 Breronment o ftaka 7 Chamtty Mk A Uatshane
o e = "l A o | Oxor
Y [C]rem. fior-ambsent ] Memate | | @ Foetvnd [licso mo
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BB
] T iadstase (F (7411] drel [hey Ferrocka Coriarm Berments b A 5] Al |
o Search | AesetTab || ResetAl || Heln | Mencinout ¥ Sobl Operstor ¥ {Sraiin Binerv, Al i

After clicking the Search button, a list of search results is shown. Double-click any of these entries

to open the PDF card.
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PDF entry 04-001-2105 is opened. There is no TOF neutron diffraction data shown in the fop-left table.

The list of d-spacings/intensities/etc. are not published in the 2016 PDF release (this is planned for the 2017
release). However, you can see the TOF neutron powder diffraction simulation at the top-right. Click the
Simulated Profile button to open the simulation in a new window.
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Isotopic substitution can be performed by clicking Plots Menu > Isofopic Substitution.

= La B6 - 04-001-2105 (Calc) = B [
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You can also import an experimental data file by clicking Plots Menu > Import. An example imported raw
data file is below. Make certain you select the appropriate settings highlighted below. Click the Refresh
Graph button to load the data and then click the Import button to import it.
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n Here is a comparison of the simulation fo the unprocessed raw data.
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Activity 4 - Major phase identification using Similarity Indexes with Time-of-Flight (TOF) Neutron
Powder Diffraction Data

Another TOF neutron diffraction capability in the PDF-4+ 2016 is the ability to compare a TOF data file with TOF
simulations in the database using full pattern matching. Full pattern matching creates similarity indexes, which are
numbers that describe how well the patterns match. A similarity index of 0.0 is considered a perfect match (this is
rare). The larger the number, the less likely the phase being a match. To run a Similarity Index analysis:

n Get a list of search results you want to compare (see Activity 3, steps 1-4).

n Click Similarity Index Menu > Show Similarity Index.

4" Results - [Database (LPF (04))] And [Any Formula Contains Elements 'la' And 'b6'] And [Status (Primary, Alternate]] EE[E

File Edit Fields Similarity Index Help
show Simiferty Index Results: ICDD Defaults

Preferences Dpe_; Change Expenmental Data... 99 of 384,613 e e

PDF # oM Chemical Formula Compound Name D1 (&) D2 (&) D3 (A) SYS

04-001-2105 Boron Lanthanum C ~
04001-5322 | O P |LaNMil2B& Boron Lanthanum Mickel 2.199640 2.296690 2.837340 a
044001-5594 | O P |La0.5Eud.5B5 Boron Europium Lanthanum 2.945310 4, 166000 1.863090 C
04-001-5595 @ P |5r0.5La0.5B6 Boron Lanthanum Strentium 2.950050 4,172000 1.865780 C
040016172 | P |La0.5Y0D.5B6 Boron Lanthanum Yitrium 2.921770 4,132000 1.847390 C
040016207 | O P |La0.5HoD.5B6 Boron Helmium Lanthanum 2.917520 4, 128000 1.845200 C
04-002-0015 @ P |LaB& Boron Lanthanum 2.939440 4, 157000 1.853070 C
040028737 | O P |La0.5CeD.5B6 Boron Cerium Lanthanum 2.933080 4, 145000 1.855040 C
04-002-9360 @ P |LaB& Boron Lanthanum 2.938740 4, 158000 1.858620 C
040030591 | O I La B& Boron Lanthanum 2.939160 4, 155600 1.858390 C
04-003-1197 | @ P |LaB6 Boron Lanthanum 2.938740 4, 158000 1.858620 C
04-003-4227 | O P |LaB6 Boron Lanthanum 2.939160 4, 155600 1.858390 C
04-003-4367 | O P |LaB6 Boron Lanthanum 2.933080 4, 145000 1.855040 C
04-003-5944 | O P |LaB6 Boron Lanthanum 2.938670 4,155900 1.858580 C
04-003-6214 | O P |LaB6 Boron Lanthanum 2.939530 4,157200 1.853160 C
04-003-6332 | D P |LaB6 Boron Lanthanum 2.939440 4, 157000 1.853070 C
040036471 | D P |LaBe Boron Lanthanum 2.932370 4, 147000 1.854590 C
040036661 | P |LaB& Boron Lanthanum 2.932370 4, 147000 1.854590 C
044003-7433 | D P |La5Co2B6 Boron Cobalt Lanthanum 2,755000 2.286710 2.829700 R
040038164 | D P |LaCol2B6 Boron Cobalt Lanthanum 2,185860 2.213880 2.773830 R
04-003-9945 @ S5 |LaNil2Be Boron Lanthanum Mickel 2,196870 2.2016%0 2.298600 a
04-004-0719 @ P |LaBe Boron Lanthanum 2,938740 4, 156000 1.858620 C
04-004-1609 2 P |LaBe Boron Lanthanum 2,936610 4., 153000 1.857280 C W

Search Description: Calculations:

[Database (LPF (04))] And [Any Formula Contains Elements 13" And 'b&'] And [Status Mean: Median: ESD:

(Primary, Alternate]]
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Import the pattern as you did in Activity 3, step 8. It is important fo remove the background first, as we do
not create a background in the TOF pattern simulations. Click the Process Data combo-box to process the
experimental data. Manual refinement can be perfromed by clicking the Edit Setfings button.
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After clicking the Import button, the program will load the processed TOF data and compare
it to dynamically created pattern simulations in the search results table. Click the Normalized R-index

column fo sort the data with the best matches at the top.
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H The last step is to right-click the match you want to see and select Graph Similarity Index. This will show
the experimental data compared to the selected simulation (similar to step 9 from above).

E*LaBG_HS‘.S‘.-TDF.Hye (User Experimental Pattern) + 1 = T ™
File Edit Plots Window Help
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Summary

Performing TOF neutron powder diffraction simulations (with the option of isofopic substitution) and comparing
TOF experimental data patterns to these simulations are the “TOF features” added to the PDF-4+ 2016 software
and database released in September 2016. Time-of-Flight simulations can also be displayed in the PDF-4/Minerals
2016 and PDF-4/0Organics 2017 databases using the procedures shown in this User Guide.

The next phase of TOF analysis at ICDD is to allow the user to perform phase identification on TOF neutron

diffraction data using our Sleve+ plug-in software. This is in development and is currently scheduled for the
PDF-4 2017 product release.
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